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Preface

This manual was developed based on material presented during several stock assessment training
courses sponsored by the Atlantic States Marine Fisheries Commission, and supplemented by
class lecture notes of Dr. Joseph T. DeAlteris, Professor of Fisheries and Aquaculture, University
of Rhode Island. It is intended to be used as a reference for stock assessment biologists and
students, and as a course handbook for future ASMFC stock assessment training courses. [t may
be used alone, or in conjunction with Part Il of this manual (scheduled to be printed in Fall 2000)
which covers several more technical, advanced stock assessment models.
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INTRODUCTION TO FISH STOCK ASSESSMENT, FISHERIES MANAGEMENT,
FISHERIES AND FISHERY-DEPENDENT DATA, AND RESEARCH SURVEYS AND
FISHERY-INDEPENDENT DATA

Joseph T, DeAiteris and Laura G. Skrobe
University of Rhode Island
Kingston, RI

Background

A fish population is a group of interbreeding fish that is characterized by its own birth rate,
growth rate, age structure, and death rate. A fish stock is often referred to as that portion or
subset of a fish population that is subject to exploitation or harvest. Fish stocks may respond
differently to exploitation because of differences in reproductive, growth, and natural mortality
rates. Therefore, fish stocks are considered discrete units for management purposes.

The purpose of fish stock assessment is to evaluate the status of a fish stock and to predict how
the stock will respond to various exploitation or harvest scenarios. The current status of a stock
is characterized by estimating stock parameters such as mortality (natural and fishing),
abundance, biomass, age structure, and growth rate. The future status of a stock is predicted by
modeling the process of stock change over time in response to management, using the previously
estimated stock parameters.

Fisheries management is the process by which we attempt to control fish stock abundance by
regulating harvest. Fisheries management decisions are made in an attempt to meet pre-
determined objectives concerning future stock status based on biological, sociological,
economic, and political inputs.

The history of fish stock assessment and fishery resource management began with the erroneous
assumption that the ocean’s resources were unlimited. Thomas Huxley concluded in 1884 that
fish were so abundant and fecund, and man’s ability to harvest them was so limited, that fish
populations were immune to man’s activities. Shortly thereafter, at the turn of the century, the
International Council for the Exploration of the Sea (ICES) initiated the collection of commercial
catch data to respond to concerns of overfishing and depleted fish stocks. World Wars [ and I1
allowed worldwide fish stocks to rebuild, but overfishing in the last fifty years has driven stocks
to record low levels.

Fisheries Management

The Magnuson Fishery Conservation and Management Act, enacted in 1976, empowered the
federal government to regulate fishing from 3 to 200 miles off the coasts of the United States.
The Act created eight regional fishery management councils that are charged with the
responsibility of developing fishery management plans (FMPs) for stocks within their region.
Council members include representatives from each state who then represent the regulatory,
recreational, commercial, and conservation constituencies. Each council has an executive
director and staff to assist in the preparation of FMPs.



NMFS is mandated by Congress to collect and analyze data on the status of the fishery resources
off the coasts of the United States and on the fisheries. NMFS then provides this information to
the management councils for their use.

Additionally, the councils have committees and panels that provide further technical assistance
to the council staff and members on scientific and sociological issues related to the FMPs. Rules
for the development of FMPs are referred to as the 602 guidelines, and provide directions for the
definition of overfishing, the establishment of measures to prevent overfishing, and the
development of a program for rebuilding a stock if overfishing already exists. Public input and
comment is sought throughout the FMP development process. FMPs are modified through plan
amendments that also allow for public input and comment. However, if conditions in the fishery
are changing rapidly, framework action notices are used to allow management to keep pace with

an evolving fishery. -

The original Magnuson Act and the recently re-authorized Magnuson-Stevens Act provide
national standards for the management of fishery resources. The Act has many standards it
attempts to achieve, including promote conservation and utilization of the fishery resources
based on the best scientific information available, seek to promote optimum sustainable yield
while preventing overfishing, and protect the habitats for fishery resources. The full text can be
found at www.nmfs.gov/sfa/magact.

After the fishery management plan amendment or notice action has proceeded through the
regulatory process, it is published in the federal register. Management measures become federal
regulations which are enforced by NMFS law enforcement agencies, the U.S. Coast Guard, and
others. Violations are subject to civil and ctiminal sanctions. Civil sanctions include written
warnings, fines issued by Notices of Violations and Assessment (NOVA), forfeiture of seized
property including catch, vessels, and equipment, and finally, permit sanctions.

In addition to the regional management councils, there are three regional interstate fishery
management commissions established by federal law: the Atlantic States Marine Fisheries
Commission (ASMFC), the Gulf State Marine Fisheries Commission, and the Pacific States
Marine Fisheries Commission. These commissions inciude three representatives from each state
in the region, again representing various constituencies. Recently, these commissions were
charged by Congress to promote and encourage management of interjurisdictional marine
resources.

The Atlantic Coastal Fisheries Cooperative Management Act passed by Congress in 1993
charged the ASMFC with the responsibility of developing FMPs for transboundary, migratory
coastal species. For example, in 1998, the ASMFC developed a FMP for American lobster, a
resource harvested from Maine to Virginia,

The main management strategies used to control harvest rates include restricting effort and
restricting harvest. U.S. fisheries have traditionally been open-entry or open-access fisheries.
Since the passage of the Magnuson Act, there has been steady growth in the harvesting capacity.
Thus, as we enter the twenty-first century, there is excess capacity or over-capitalization in our
fisheries, resulting in overfishing of limited resources. To limit or restrict overfishing,

I-2



management has responded in some fisheries by issuing seasonal or annual total allowable catch
(TAC) regulations (i.e. restricting harvest). These quotas result in “derby fisheries™ where
individual fishermen attempt to catch as much as they can, as quickly as they can, until the quota
is reached and the fishery closed. These derbies result in temporary market gluts and lower
prices paid for catch to fishermen. Other methods to control fishing mortality include limiting
effort by closing fishing areas during specific times to protect spawning aggregation of fish or
nursery areas, allowing vessels only limited number of days at sea, restricting the vessel size,
horsepower, or the amount of gear fished.

The most controversial effort-control measure, however, is limited entry. This is a fundamental
change in the traditional open-access fishery management policy in the U.S. Limited entry
begins with a moratorium on new licenses. A related issue is the transferability of licenses, i.e.,
can an individual sell his license, or can potential new entrants to the fishery apply to a lottery to
enter the fishery, as existing participants leave the fishery.

Another aspect of limited entry is the provision for property rights through individual
transferable quotas (ITQ). After controlling access to the fishery with a moratorium on new
licenses, fishermen are individually awarded a portion or allocation of the TAC each year, and
that share is transferable to other fishermen via direct sale. Thus larger, more efficient harvesters
are able to purchase the shares of the smaller, less efficient harvesters. This results in
consolidation of harvesting capacity and increased economies of scale. Typically, limits are
placed on the total number of shares an individual or corporation may acquire so as to avoid
monopoly situations.

Fish Stock Assessment

The most recent Report on the Status of Fisheries of the United States published every year by
the National Marine Fisheries Service (NMFS) indicates that 98 fish stocks nationwide are
considered overfished. Fisheries managers have the responsibility to properly manage these fish
stocks for the long-term benefit of both the fish stocks and the human population. Management
decisions are made based on information derived through the varicus methods of fish stock
assessment. Used properly, these methods will allow overfished stocks to rebuild and will ensure
harvest pressure does not exceed sustainable levels.

A stock assessment report typically includes the following sections:

1. Description of the fisheries that interact with the stock and the presentation of fishery-
dependent data (landings, effort, etc.).

2. Results of research surveys that provide fishery-independent data on abundance and samples
for biological analysis.

3. Life history characteristics of the resource including natural mortality, growth, and maturity.
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4. Population and fishery parameters that may include stock-recruitment relationships,
estimation of exploitation rates, yield per recruit and spawning stock/egg per recruit models,
surplus production models, and stock abundance indices.

5. Biological reference points based on the previous models and analyses.

6. Review of management objectives and alternative actions to achieve a sustainable fishery.

Fisheries and Fishery-Dependent Data

A wide array of gear types are used to harvest fishery resources commercially and recreationally.
The principal gears are: hook and line, pots and traps, trawls and dredges, seines, and gillnets.

Hooks and Line Gear

Hook and line fishing methods have evolved from the simple act of attaching bait to a line,
lowering that line into the sea, then carefully retrieving bait with a prey still attached feeding.
This method of fishing is referred to as bobbing and is practiced today in Chesapeake Bay by
recreational fishermen using a chicken neck attached to a line for the purpose of harvesting blue

crabs.

The modern bent hook is believed to have evolved from a natural thorn hook, and from stone and
carved shell hooks. The simplest form of hook and line fishing is the handline. It consists of a
line, sinker, leader, and at least one hook. There are both recreational and commercial handline
fisheries in the U.S. In the New England area, handlines are used to harvest bluefin tuna from
small vessels. In fact, although this is a technologically sophisticated fishery with fish finding
and navigation electronics, it is still conducted by-individual or pairs of fishermen in small boats
(< 10 m), so it may be considered an artisinal fishery. Recreationally, handlines are used in ice
fishing.

The most basic pole and line fishery is a bamboo pole with a short line and hook attached.
Recreationally, these are used to catch small fish in a wide variety of fisheries. The addition of a
reel to store the line was a significant improvement to pole and line gear, and is again used in
recreational and commercial fisheries. The reel, pole, and line gear is probably the most widely
used recreational fishing gear; it is used in freshwater and marine fisheries in a wide variety of
forms from fly fishing to offshore trolling for large pelagic billfish.

With the guiding philosophy that if one hook is good, many hooks are better, commercial
fishermen developed bottom longline gear (Figure 1). The principle element of this gear is the
mainline or groundline that can extend up to 50 km in length. Branching off the mainline at
regular intervals are leaders or snoods, and hooks. Anchors hold each end of the mainline in
place and surface buoys attached via float lines to the anchors mark the location of the gear. The
mainline was initially constructed of natural fiber lines, which was replaced by a hard-lay,
twisted, tarred nylon, and now monofilament and wire cables are typically used. Leaders were
initially tied to the mainline, and now they typically snap-on to the mainline allowing separate
storage of the hooks and leaders and the mainline. All bottom-set, longline gear, is considered
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fixed and passive because once deployed the gear does not move and the fish voluntarily takes
the hook.

Figure 1. Bottom longline gear (USDOI Circular 48).

On the east coast of the U.S,, there is an active pelagic longline fishery for large highly migratory
pelagic species, in particular, swordfish, tuna, and shark. A typical vessel, 20 m in length, fishes
a 100 km mainline and about 500 hooks on a 12 hour soak. The gear is fixed with respect to the
water, but can drift over the seabed as much as 100 km in an overnight-soak. The gear is
passive, in that fish are attracted to the hook with bait, light sticks, and sometimes noise makers,
and voluntarily take the gear.

The art of attracting fish or squid to a lure with hooks moving up and down is called jigging.
Jigging is conducted by hand, with a reel, pole and line, or using jigging machines that are
programmed to move the lure in a particular way. Finfish usually take the hook with their
mouth, but are occasionally snagged. In contrast, squid are almost always snagged by the hooks.
Thus, jigs are classified as either active or passive depending on the methods of capture.

Pots and Traps

The essential element of any pot or trap fishing gear is a non-return device that allows the animal
to voluntarily enter the gear, but makes escape difficult, if not impossible. The terminology used
to identify pots and traps is also confusing, as both terms have been applied to the small portable,
3-dimensional gear. In this manual, a pot is defined as a small, portable, 3-dimensional device,
whereas a trap is identified as a large, permanent, 2-dimensional gear.

The principle of operation of pot gear is that animals enter the device seeking food, shelter, or

both. The non-return device, while allowing the animal to enter the gear, restricts escape. The
holding area retains the catch until the gear is retrieved. Bait is placed in a bag or cage within
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the pot. Culling rings or escape vents are added to the exterior wall of the pot to allow for the
release of undersize sub-legal animals. Finfish, shellfish, and crustaceans are all harvested with
pots in the estuarine, coastal, and offshore waters of the U.S.

The blue crab fisheries conducted in the inshore waters of the mid and south Atlantic regions use
a wire mesh pot (Figure 2). The design of the pot incorporates two sections, an “upstairs” and
“downstairs.” Crabs attracted by bait enter the “downstairs” via one of two to four entrance
funnels. Once in the pot, the escape reactton is to swim upward, so a partition with two funnels
separates the two sections. The “upstairs” section serves to hold the catch for harvest. Escape
vents or cull rings may be installed in the pot to reduce juvenile bycatch. Crab pots are usually
fished as singles and are hauled by hand from small boats or with a pot hauler in larger vessels.
Crab pots are generally fished after an overnight soak, except early and late in the season.

Figure 2. Crab pot (Sundstrom 1957).

Traps are generally a large scale, 2-dimensional device that uses the seabed and sea surface as
boundaries for the vertical dimension. The gear is fixed, that is it ts installed at a location for a
season, and is passive, as the animals voluntarily enter the gear. Traps consist of a leader or
fence that interrupts the coast parallel to the migratory pattern of the target prey, a heart or parlor
that leads fish via a funnel into the bay section, and a bay or trap section that serves to hold the
catch for harvest by the fishermen. The non-retumn device is the funnel linking the heart and bay
sections. The bay, if constructed of webbing, is harvested by concentrating the catch in one
corner, a process referred to as “bagging” or “hardening” the net. The catch is removed by
“brailing” with a dip net. The advantages of traps are that the catch is alive when harvested,
resulting in high quality; that the gear is very fuel efficient; and that there is the potential for very
large catches. The disadvantages are that the initial cost of the gear is high, that there is
competition for space by other users of the estuarine and coastal ecosystem, and finally that the
fish must pass by the gear to be captured, so any alterations in migratory routes will radically
affect catch.

On the mid-Atlantic coastal plain, large traps constructed of webbing hang from stakes that are
pounded into the unconsolidated seabed and are locally referred to as “pound nets” (Figure 3).



These traps are usually set at points or capes that fish tend to migrate around. The leader
sections are 100 to 600 m in length, starting in shallow water (< 2 m), and ending in water depths
of 10 to 15 m. The heart sections lead to single or double funnels that lead into the bay section.
The gear captures both pelagic and demersal species.

Figure 3. Pound net (Sundstrom 1957),

Dragged Gear

Fishing gear that is dragged or towed over the seabed or through the water is referred to as
mobile gear. The dragged gears include a bag constructed of webbing or rings and chain links
that collect the catch. These are exclusively active fishing gears, in that the animals do not
voluntarily enter the gear, but are either swept up from the seabed or filtered from the water by
the gear. Towed gear evolved from the need of man to harvest more efficiently, and that
required collecting from more water or the bottom. Towed gear was initially deployed from
hand-powered boats, then sailing vessels, and finally from large ships with engines greater than
1000 horsepower. Mechanization of these fisheries with engines and winches enabled larger
gear to be towed faster and handled with less labor. The earliest dragged gear was probably
some form of small rake used to collect shelifish towed by a hand-paddled canoe. As we enter
the twenty-first century, the largest gear is a pelagic fish trawl with a mouth opening in excess of
100 x 100 m, towed by a vessel larger than 100 m in length with an engine of 2000 horsepower
Or more.

Dredges are rake-like devices, equipped with bags to collect the catch. They are typically used
to harvest molluscan shellfish from the seabed, but occasionally are used to target crustacean,
finfish, and echinoderm species. Dredges are designed to harvest both epifauna and infauna;
however, the specific design details of the gear are very different.

In estuarine water, dredges are used to harvest oysters. The oyster is a sessile organism,
generally growing in reef-like habitats. The oyster dredge consists of a steel frame 0.5 to 2.0 m



in width, with an eye and “‘nose” or “tongue,” and a blade with teeth (Figure 4). Attached to the
frame is the tow chain or wire, and a bag to collect the catch. The bag is constructed of rings and
chain-links on the bettom to reduce the abrasive effects of the seabed, and twine or webbing on
top. The dredge is towed slowly (< 1 m/sec) in circles, from vessels 7 to 30 m in length.
Compared to shaft tongs or patent tongs, the oyster dredge is very efficient. In many regions,
oyster dredging is allowed only on private or leased oyster beds, and prohibited on public beds.
However, in the Maryland portion of Chesapeake Bay, dredging is permitted on public beds, but
only under sail, so as to maintain inefficiency, thus allowing for a traditional fishery.

Figure 4. Qyster dredge (Sundstrom 1957).

Blue crabs are harvested during the winter months with large dredges similar to oyster dredges.
The blue crab, susceptible to pots during the active summer months, are dormant in the winter
months, and burrow into soft estuarine bottoms. Stern-rig dredge boats (= 15 m in length) tow
two dredges in tandem from a single chain warp. The dredges are equipped with long teeth (10
cm) that rake the crabs out of the bottom. This same gear is used to harvest wheik in the summer
and mussels in the fall from Chesapeake Bay.

Again, as fishermen sought to increase efficiency and tow vessels became larger, dredges
evolved into beam trawls so as to capture finfish. The steel frame became larger and lighter, and
the bag became larger and funnel shaped, so as to concentrate the catch in a cylindrical-shaped,
webbing section, referred to as the codend. The first beam trawls were towed by sailing vessels,
but today large beam trawls with mouth openings of 15 to 20 m, are towed from both sides of
modern, high horsepower trawlers.

Otter trawls developed as fishermen sought to further increase the horizontal opening of the trawl
mouth, but without the cumbersome rigid beam (Figure 5). In the late 1880s, Musgrave invented
the otter board, a water-plane device that when used in pairs, each towed from a separate wire,
served to open the net mouth horizontally and hold the net on the bottom. Initially, all otter
boards were connected to the wing ends of the trawl, as they are today in the shrimp trawl
fishery. In the 1930s, the Dan Leno gear developed by Frenchmen, Vigarnon and Dahl, allowed
the otter boards (doors) to be separated from the trawl wing ends using cables or “ground gear.”
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This technology increased the effective area swept by trawls from the distance between the net
wings to the distance between the doors. The ground gear can be as long as 200 m, thus
increasing the area swept by the trawl by as much as three fold.

Figure 5. Otter traw! (Sundstrom 1957).

Bottom trawl fisheries are prosecuted for demersal species on all coasts of the U.S. In the
northeast, vessels from 15 to 50 m fish in waters ranging from 10 to 400 m in depth. Small mesh
nets are used to capture northern shrimp, whiting, butterfish, and squid. Large mesh trawls are
used to harvest cod, haddock, flounder, and other large species. These trawls are typically rigged
with long ground wires that create sand clouds on the seabed, herding the fish into the trawl
mouth. In the southeast and Gulf coast areas, small mesh trawls are used to harvest shrimp.

Pelagic fishes are harvested using off-bottom or midwater trawl nets. The nets must be aimed or
directed at specific concentrations of fish. Therefore, the fishermen must be able to identify the
location of fish both laterally and vertically, and to direct the pelagic trawl to that position.

Seines

Fishing gear that is used to encircle marine resources either on the seabed or in the water column
are classified as surround gear. Because the area enclosed by the gear is limited, the gear is
directed or aimed at identified concentrations of fish. Surround gear are often referred to as
setne nets.

The simplest form of seine is a single wall of webbing without a bag, connected at each end to
poles that are handled by fishermen. The net is pulled through the shallow water collecting
finfish, crustaceans, mollusks, etc., and finally dragged up onto a beach where the catch is sorted.
The webbing is of variable mesh size, but is usually very smalt, (about 0.5 ¢m), as the gear is
typically used to harvest bait fish for recreational hook and line fisheries. Typically a
recreational or subsistence beach seine is about 20 m in length and 1.0 to 1.5 m in height with a
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1.0 cm mesh size. Commercial beach seines range in length from 200 to 400 m and are equipped
with a bag in the center or side.

The long-haul seine is set and hauled in shallow water estuaries from a boat (about 15 m). The
net is a single wall of small mesh webbing (< 5 cm) and is usually greater than 400 m in length
and about 3 m in depth. The end of the net is attached to a pole driven into the bottom and the
net is set in a circle so as to surround fish feeding on the tidal flat. After closing the circle, the
net is hauled into the boat, reducing the size of the circle, and concentrating the fish. Finally, the
live fish are brailed or dip-netted out of the net.

Seine nets are also used on pelagic fishes. However, the net must be designed to close at the
bottom. The nets are floating, that is the buoyancy on the float line exceeds the weight of the
webbing and leadline. The gear fishes from the air-sea interface to the depth of the webbing.
The gear is set in a circle around an identified school of pelagic fishes then closed off on the

bottom, so as to prevent the escape of the fish.

The purse seine is closed using a continuous purse line (Figure 6). Functionally, purse seines are
used to surround a concentration of fish, then the purse seine is hauled in so as to close the

bottom of the net.

Figure 6. Purse seine (Sundstrom 1957).

The puretic power block developed in the early 1950s, was a significant mechanization of the
purse seine fishery. The V-shaped sheave, attached to a beam end and powered by a hydraulic
motor, has replaced 10 to 20 men that used to haul in the long wings of the small seines (300 m)
used to harvest menhaden in Chesapeake Bay. The largest purse seines now used on tuna, fish in
the open ocean and are more than 2000 m in length and 200 m in depth. Without the power
block, these fisheries would not have developed.
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Gillnets

Gillnets include a group of fishing gear types where animals are captured by a wall of webbing
in the water column or on the bottom. The animals are captured by wedging, gilling, or tangling.

Gilinets operate principally by wedging and gilling fish, and secondarily by entangling. The nets
are a single wall of webbing with float and lead lines. The nets are designed and rigged to
operate as either sink or floating nets, and are anchored or drifting. The webbing is usually
monofilament nylon due to its transparency; but multifilament, synthetic or natural fibers are also

used.

Anchored sink gillnets are used to harvest demersal fish along all coasts of the U.S. The nets are
rigged so that the weight of the leadline exceeds the buoyancy of the floatline, thus the net tends
the seabed and fishes into the near bottom water column (Figure 7). Anchors are used at either
ends of the net to hold the gear in a fixed location. The nets vary in length from 100 to 200 m
and in depth from 2 to 10 m. Multiple nets are attached together to form a string of nets, up to
2000 m in length. In shallow water, sink gillnets may fish from bottom to surface, if the

webbing is of sufficient depth.

Figure 7. Sink gillnet (Sundstrom 1957).

Gillnets are also designed so as to float from the sea surface and extend downward into the water
column and are used to catch pelagic fish. In this case, the buoyancy of the floatline exceeds the
weight of the leadline. Floating gillnets are anchored at one end or set-out to drift usually with
the fishing vessel attached at one end. Anchored floating gillnets are used in shad fisheries on
the east coast. Offshore, large mesh drift nets are set for swordfish and other large pelagic fishes.



Fishery-Dependent Data and Analyses

The National Marine Fisheries Service (NMFS) and state agencies collect catch and effort data
on the recreational and commercial fisheries, so as to monitor the status of the fishery resource
stocks and to estimate fishing mortality. From these data and analyses, and in conjunction with
fishery-independent data sources (scientific surveys) and analyses, fishery scientists are able to
predict the outcomes of various management alternatives.

In the commercial fisheries, landings data is collected from fishermen’s logbooks and trip
tickets, dockside interviews by port agents, monthly summaries from dealers, or other means.
However, landings data may not be entirely representative of the actual catch, due to at-sea
discards. Data on discards is collected by at-sea observers who sample the entire catch, then note
discards and landings. Sea-sampling is usually only conducted on a subset of the fishing fleet
due to the high cost of staffing these programs, but the observed discard rates are extrapolated to
the entire fleet, so as to develop complete estimates of age/size-specific catch. Discards are
prorated into the landings based on their age/size and gear-specific survival probability. Effort in
commercial fisheries is often based on license data according to gear type, vessel tonnage, days
at sea or fishing, or the amount of gear set and soak time. Within a specific fishery, there is a
standardized unit of effort, for example, one day fishing by bottom trawl for a 50 to 99 ton
vessel, Other classes of trawl vessels, both smaller and larger, are then compared to the standard
vessel in terms of catchability and rated accordingly. An example of fishery-dependent data can
be seen in Figure 8. The Potomac River blue crab harvest time series of both catch and effort
was obtained from historical commercial harvest and license data from the Potomac River
Fisheries Commission.
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Figure 8, Potomac River blue crab harvest and licenses issued.
Recreational fisheries landing statistics are collected by port-based samplers who conduct

intercept interviews with fishermen returning from a day of fishing at sea. These data are
supplemented with the Marine Recreationai Fishery Statistics Survey (MRFSS). The MRFSS is
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a senes of surveys initiated by NMFS starting in 1979 to obtain standardized and comparable
estimates of participation, effort, and catch by recreational anglers in the marine waters of the
United States. The MRFSS collects recreational fisheries data using both dockside intercept and
telephone surveys. The intercept survey collects data on the number, weights, and lengths of fish
caught by species, state and county of residence, and avidity level (e.g. trips per year, mode of
fishing, and primary area of fishing). The telephone survey collects data on the presence of
marine recreational anglers in the household, number of anglers per household, number of
fishing trips in a 2-month period, the mode of each trip, and the locations (county) of each trip.
The estimated number of marine recreational fishing trips in Rhode Island from the MRFSS
Survey can be seen in a time series of recreational effort (Figure 9).

1.8 1
1.6 1
1.4 4
1.2 4
1.0 1
0.8 -
0.6 -
0.4 1
0.2 1

0.0 T ; . Y 1
1975 1980 1985 1990 1995 2000

Year

Miilions of Trips

Figure 9. Estimated number of marine recreational fishing trips in Rhode Island from MRFSS Survey.

Research Surveys

NMEF'S and state agencies also collect and analyze data on fishery resources independent of the
recreational and commercial harvesting sectors. NMFS utilizes a fleet of research vessels
operated by the National Oceanographic and Atmospheric Administration (NOAA) to collect
this data. Surveys conducted by NMFS range from marine mammal population counts to
plankton surveys. The traw! surveys for fish provide an independent index of relative abundance
of species taken by the sampling gear that can be compared to fishery catch per unit effort, also
an index of relative abundance. When the two indices together track trends of increasing or
decreasing abundance, there is greater confidence in the conclusions drawn from these analyses.

The fishery-independent surveys also provide biological samples for the study of age and
growth, mortality, fecundity, and other life history characteristics, in addition to aliowing for the
collection of oceanographic data that is used to develop ecological models relating fish
abundance and distribution to environmental conditions.
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Fishery-independent surveys follow a rigorous methodology that is designed to result in
statistically valid samples, taken in a consistent and reproducible manner. The protocol for
bottom trawl surveys usually follows a random stratified design. The continental shelf water is
divided into similar strata by latitude and depth zone, so as to reduce sample vanability within
strata and therefore increase the prectsion of abundance estimates. Within strata, station
locations are selected randomly, so as to remove possible biases and to meet statistical design
requirements. Survey data is used to develop a fishery-independent index of relative abundance
{CPUE), so temporal consistency in sampling is extremely important. Considerable effort is
expended to ensure that each tow of the trawl is exactly the same as every other tow within each
survey, and between past and future surveys. Small changes in sampling method or gear may
result in substantial changes in catchability of that gear, so any changes are avoided or
investigated thoroughly via paired comparison methods prior to implementation.
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MATHEMATICS AND BIOSTATISTICS REVIEW

Joseph T. DeAlteris
University of Rhode Island
Kingston, RI

Note: This chapter is adapted from materials presented in Chapter 2 of Gulland (1969) and
Chapter 2 of Sparre ef al. (1989). Additional references are provided at the end of the chapter.

Functions

If to each value of x there corresponds one or more values of a variable y, then y is a function of
x, and we write y = f{x) where f symbolizes the function (Figure 1). The relation y = f{x) is
defined as a continuous set of points forming a line or curve. Note the ordinate or y-axis

evaluates the dependent variable y, and the abscissa or x-axis evaluates the independent variable
X.
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Figure 1. Function: y = fix).
A linear function can be described by:
y=ax +b,

where a and b are constants (Figure 2).
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Figure 2. Linear fuaction: y =ax + 4.

The slope of the line is g and the y-axis intercept is b. The slope is defined as the change in y
divided by the change in x. Mathematically, this is expressed as A%x or % . Special cases

of the linear function occur when b = 0 (y = ax; i.e., the function intersects the origin), (Figure
3a) and when @ =1 and b = 0 (y = x) (Figure 3b).
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Figure 3. Special cases of linear functions:
(a) y=ax
(b) y=x.

Note the effect of value of the slope a on the linear function (Figure 4). The function trends
upward if g > 0, is a horizontal line parallel to the abscissa if @ = 0, and trends downward if a <

0.
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Figure 4. Effect of the slope a on the linear function.

A more complex function is the second order polynomial, or quadratic function described by

y=ax’ +bx+c
or
y=A(x—x,Xx~x,)

where x, and x; are x-axis intercepts and A determines whether the curve is concave upward or
downward (Figure 5).

A <0
4>0

Xt

Figure 5. The quadrade function: y = A(x=xy}(x=x,).
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The parabola is a special case of the second order polynomial, where 4 <0, xp=0,and x| =6
(Figure 6).

y=-Ax2+Abx

X

Figure 6. Parabola: y = -Ax* + Abx.

An exponential function is described by

x

y=a

where a is a constant raised to an exponential power, x (Figure 7). As with the linear function, x
is the independent variable, and y is the dependent variable.




The exponential function increases to infinity if @ > 1. The function decreases asymptotically
and approaches the x-axis if < 1. An asymptotic function is described by a curve that
approaches a singular value on the y-axis as the values on the x-axis become larger and larger.

Another example of an asymptotic function is
y=l-e

where the function approaches y = 1 as x increases in value (Figure 8).

] -

x

Figure 8. Asymptotic function: y=1 - ¢*,

A power function is described by

where ¥ is a constant (Figure 9).

If N > 1, then the curve ascends rapidly. If N =1, then y = x is a straight line. If ¥ < 1, then the
curve ascends slowly.



N>1 N =

N <1

x
Figure 9. Power functions: y = XY,

Powers and Logarithms

A power is represented by two numbers and is expressed as a”, where a is the base and N is the
exponent. The following laws apply to powers:

The inverse function of a power is a root, and the inverse function of an exponential is a
logarithm. For example, consider the exponential function



y=a'.
Taking the logarithm to the base a of both sides of the equation yields

log, y =x(log, a) = x(1)
or
x=log, y.

The bases most commonly used for logs are 2, 10, and e where e ~ 2.72. Log base 2 (log, )is the
basis of binary algebra; base 10 (log,, ) is the basis of the numerical system; and base ¢ (log, ) is
the basis of the Napierian system.

Log, is referred to as the natural log and can be abbreviated as “In.” The natural log has
convenient properties in calculus, and the value of ¢ is described by

e=limfl+ /)

A—pom

=1+ (Y )+ ()¢ (14)+ .. = 27182

where “!” indicates “factorial” (i.e., a series product of descending integers); for example,
4= (4)3)2XD) = 24.

The following laws apply to logarithms:

log,10=1

log,e=Ine=1
log,,l=Inl=0
log,(x)+log,(y) =log,(x- y)

log,(x)-log, (y)= loga( %,)
log, (x* )= Mlog, (x).

Transforming or Linearizing Functions

Non-linear functions can sometimes be simplified for evaluation or fitting models by
transforming or linearizing the function. Consider the negative exponential, which is frequently
used in population dynamics to describe the survival of animals in a stock as a function of time,
and a specified mortality coefficient. The function, shown in Figure 10a, has the form:

y=Ade ™.
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The estimation of parameters 4 and z from (x, y) data points requires non-linear regression
techniques that until recently were not readily available. However, a linear function can be
obtained by transforming the original function using natural logarithms. This simplified function
(Figure 10b) can be analyzed using linear regresston techniques:

Iny=Ind-zxlne
=In4d-zx

which is in the linear form of

(a)

X
Figure 10. Non-linear and linear forms of y = 4¢™,

The parameter A is obtained by taking the inverse natural log of the y-intercept (5) in the
linearized form. The parameter z is obtained directly from the slope a in the linearized form.

A parabolic or dome shaped function is also frequently used in population dynamics to describe
the relationship between yield and effort or yield and stock biomass. The general form of the

function is:
y = bx —ax’
(Figure 11a). Estimation of parameters a'and b from (x, y) data points requires non-linear

regression techniques. However, transforming the function by dividing both sides of the
equation by x, results in the linear form

%=b—ax



(Figure 11b). This form is amenable to simplified regression techniques. The difficulty with this
methodology, however, is that the dependent variable (y) has been confounded with the presence

of the independent variable (x).

(a) (b)

x x
Figure 11, Non-linear and linear forms of y = bx - ax’.

Differential Calculus

Differential calculus is concerned with rates of change. We often refer to a derivative which is a
function that measures the rate of change of a quantity. For example, a derivative function may
indicate how fast y changes with respect to x at any point x (i.e., the instantaneous slope) (Figure
12). The derivative is indicated by:

% or ¥y =fx).

The slope or derivative of a linear function (i.e., a straight line) is a constant. However, for a
parabolic function, the slope is initially positive, decreases to zero at the apex of the parabola,
and becomes increasingly negative as it approaches the x-axis intercept.

The following are functions and their derivatives:

Function Derivative
a (constant) 0

ax a

arx N aNx N-1

Inx }4



g'(x)

g(x)
e T e.t
egm eg(-ﬂg’(x)
e~ ke™
g(x) + h(x) g(x)+ 4 (x)
g(x)—h(x) g(x)—h'(x)
kg(x) kg'(x)
YA PALE
u(x)-v(x) v (x) + u(x)v'(x)
u(x)/v(x) [v(x)u'(x) - ar(x)v'(x)]/[v(x)]2 )

y =/&) y=/&)
YtAY
dy/dx
Ay Y ~—
X X+AX X
AXx

Figure 12, Derivative of the function y = flx).

Examples of differential calculus are the following:

‘%ﬁ(x) =1

4/ (31)=3
4/ (x+2)=3+0=3

%(3;2)=3-2x2'1 =6x
4/ (3x-x)=(3x-D+(3-x) = 6x.
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Example 1: Given the parabolic function,
y = bx —ax’

find the x and v values for the maximum of the function (Figure 13a).

Solution: Given the shape of a parabola, the function is at a maximum when the slope = (. Take the derivative of
the function and set it equal to zero (Figure 13b},

%=y'=b—2ax=0
b=2ax
x=b

(a) (b) b

Figure 1. Functions: (a) y = bx - ax’
byy'=b-2ax.

Substituting this value of x into the original function to determine the y-max value,

y=8¢4,)-olt1f

y= b%a - .ab%a2

¥ .= Zb%a _b%a = b%a '
.Thus. the coordinates of the y-max for the parabolic function are:

yzb%a '

Im-11



Integral Calculus

Integral calculus is concerned with summing quantities that are changing and can be thought of
as the inverse of differentiation (i.e., the anti-derivative). An integral can be definite or
indefinite. The definite integral is conceptually equivalent to the area under a curve and between
specified limits @ and b on the curve or function. The area bound by the curve y = f (x), the x-
axis, the lower bound x = a, and the upper bound x = b (Figure 14). The definite integral of f(x)

between a and b is indicated by:

[/

x=a

where f{x)dx is the integral and [a, 5] is the range of integration.

x=a x=b
X
Figure 14. The integral of a functien: y = f{x).

It follows that the solution to the definite integral of f{x) between a and b is:

[flakde= (FGl = )£

where F(x) is a function such that F’(x)= f{x) forx =a and 4.

An indefinite integral is a fimction F(x) such that F'(x) = f(x) (i.e., F(x) is the anti-derivative of
Ax)). F(x) + ¢, where ¢ is a constant, is also an indefinite integral of Ax) because [F (x)+ c] -

F(x)=Ax).
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The following are some rules of integration:

Iadr =ax
[af (x)dx = a [ f(x)x

(M +1)

M — —
Jx dx=% (M +1) M=-1

Ia’dr=%(a) a>0,a=1
I o = o

=

j}édx = In(x)

Iln(x)dx = xIn(x)-x

)+ gl = [7(x)e’(x)- [glx)r (x)
[7(x)g’(x)= £(x)g(x)- {7 (x)glx)ar.

Example 2: Determine the area under the function

y=3x*+5
forx=2to4.

Selution:
The equation y = 3x’ +5 isa power function that intersects the y-axis at a value of 5.

The integral of the function is:

by =357 +5
dy = (3x* +5)ax
[y = | [er o sste= [t 52
= (64 +20) - (8 +10)
' =66.

That is, the area under the curve y = 3x? +5 between x values of 2 and 4 is 66.
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Differentiai Equations

A differential equation is a function that includes a derivative. Conceptually, it is an equation
that includes one variable that changes with respect to another variable:

%=f(x) or %:ay.

Typically, differential equations are used to describe rate processes, such as the decay of
radioactive materials or the decline in population numbers as a function of stock size.
The decline in population numbers as a function of stock size is described by:

d%r =—ZN

where N is the population size,
Z is the mortality rate, and

d%t is the rate of change of the populatton size over time.

The equation states that the rate of change of population size is equal to the product of the
instantaneous mortality coefficient and the population size.

Solving differential equations is generally complex, but there are some simple solution
techniques. The rate equation is solved by the separation of variables technique. The

generalized rate equation is:
Yo

Rearranging and separating variables:

%}aj/=adx.

Integrating both sides of the equation:

[/ = face

¥z x
Iny | =ax|.
Yo e

Evaluating the integrals and rearranging:

In{y,)-In(y,) = ax—a*0
In(y, ) In{y,) = ax
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Applying this solution technique to the population rate equation:

d%f =—ZN
%v,dN = —Zdt
[%Vaw = [~ zdr
lnN‘Tr = —Zt|r

Ny 0
In(N, - N,}==Zt-Z*0
N, =Nge™.

Thus the solution to the rate differential equation is the exponential decay equation. Therefore,
we use differential equations to find the value of a quantity (e.g., population size N) when we

know how fast it is changing (e.g., %). Note that the derivative of this equation (%t)

provides the original differential equation

%I(N’) = %,(Noe_z‘)

W/ = Ne?(-2Z).

']
dt
Substituting Ny =N,e”
yields: aN, /= N,(=2)
dN/ __
Aﬂ =-2ZN.

Descriptive Statistics

Statistics can be used to describe the properties of a set of data. Descriptive statistics are used to
characterize the central tendencies of the data and the variability around those central measures.
If the data are a random sample from a large population, the descriptive statistics of the data set
can be used to make inference to the properties of the population sampled.

The mean, median, and mode are used to describe the central tendencies of the data. The mean
(¥) is calculated as follows:
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where x, are individual values in the data, and
n is the number of data points.

The median is the value half way between extremes in a ranked data set (i.e., 50% of the values
are less than and 50% are greater than the median value). The mode is the data point with the
greatest number of observations.

Measures of the variability in the data include the following:

Estimated Variance: s* = (%n ))Z(x! - %)

Standard Deviation: s =

. = 3
Standard Error: S.E. / J; )

The Coefficient of Variation (C.V) is a measure of variability relative to the mean

cV. =% i

Example 3: Consider a sample of 20 measures of fork length (cm) for fish taken from a RI salt pond.

15.5 18.2
16.3 19.3
18.3 17.9
17.3 16.5
15.8 204
14.9 17.8
16.7 19.7
17.3 18.4
16.2 18.6
17.8 17.4

Calculating the descriptive statistics provides:

Sample size =n =20
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Mean= X =175cm
Variance = 5° = 2.0 cm®

Standard Deviation =5 = 1.4 cm

s/ 14/ _
cv. %_ {, 5=0.08

SE =032
Median = 17.6.

If the data are grouped into integer categories (Table 1, e.g., any value from 17.0 to 17.9 is assigned to integer
category L7), then seven groups emerge.

Table 1. Length data grouped into integer categories.

Group Number of
Observations
14 1
15 2
16 4
17 6
18 4
19 2
20 1

These data can be plotted as a length-frequency histogram (Figure 15), and the mode of the distribution is 17 cm.

61 .
s -
4 - " —
> o
Xt
g
[+ 2 4
H —
0 T ¥ T LB L] 1
16 17 18 19 20
Length (cm)

Figure 15. Length-frequency distribution.
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Hypothesis Testing

Statistics are also used to compare data sets to evaluate hypotheses. The null or “no difference”
hypothesis is considered with tests of significance. Two groups of data can be compared using
the descriptive statistics for each group, or more appropriately using a ¢-test that pools the
variance in the data sets. Groups of three or more can be evaluated using an Analysis of
Variance (ANOVA).

The most rudimentary comparison between two groups of data compares the Confidence
Intervals (C.1.) around the mean of each data set. If the C.1s overlap, then we fail to reject the
null hypothesis; that is, there is no detectable difference between the two groups at the stated
significance level. If the C.Is do not overlap, then there is a detectable difference at the stated

significance level, and the null hypothesis is rejected.

The C.I. for a univariate data set is calculated using the mean, the standard error and a ¢ statistic.
The ! statistic is used assuming the data are normally distributed and provides a factor to account
for the probability of drawing the incorrect conclusion in the test. The ¢ statistic is determined
based on sample size and the specified significance level, but stabilizes at about 2 for large
sample sizes and a confidence level of 95% (a=0.05). Tables of values for # statistics can be
found in most introductory statistics books. C.Is are calculated as follows:

CL =541, g0 J(SE)

where X is the mean,
S.E. is the standard error, and

! oieg) is the ¢ statistic for sample size » and significance level 1-a
v e]

For the previous fork length data set, the C.1. is as follows:

17.5+(2)(0.32)=17.5+£0.64=169< X <18.1cm.

Example 4: Compare the fish length data from Example 3 to a similar data set collected at the same time from a
different location. The nuil hypothesis is that there is no difference in the mean fish size between the two locations.

If the mean fork length (f) from the second pond is 16.4 cm and the S.E. is 0.30, then the C.1 is

16.4+0.60=158<x<170.

The C.1.s overlap and we therefore conclude that there is no detectable difference in mean fork length between the
two data sets at the &= 0.05 level. This can be shown graphically as a bar plot with C./.s around the mean (Figure
16).
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19 -

15

Figure 16. Mean and confidence intervals of fish fork lengths.

Fitting Models to Data

Considerable effort in fish stock assessment is devoted to fitting models to data to make
predictions. The concept is referred to as regressicn analysis. The procedure fits a specified
model (function) to a data set by estimating values for model parameters that minimize the sum
of squared errors between observed and predicted values. The particular parameters that
minimize the sum of the squared errors are considered the “best fit” for that model.

Linear regression analysis is the simplest form of model fitting. More complex functions are
sometimes transformed to linear functions for analysis.

Example §: Consider the estimation of a weight-length relationship for a given species of fish. The general model
is as follows:

W =al’
where W = the weight in grams,
L =length in centimeters,
a = a unit conversion coefficient, and
b = the volumetric expansion coefficient,

' The function is linearized by taking the natural logarithm of both sides of the equation
InW =In{a)+b*In(L)

which is analogous to the linear model: y =a’+b'x.
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Given the following length and weight data, estimate the parameters a and # for this fish species:

W (gr) L (cm) In(#) In(L)
9710 100 9.18 4.61
6020 85 8.70 4.44
3610 72 8.19 4.28
2620 65 7.87 4.17
1150 50 7.05 3.91
680 42 6.52 3.74
360 35 5.89 3.56

Using linear regression on the log transformed data, the values of the linearized parameters are:

a’ = -5.1949
b= 3.1273.

The non-linear value of a is the anti-In ( a’), and the value of b remains the same. Thus, the final value of the
parameters in the model are:

W =0.005545L"""

The linear regression and non-linear regression are plotted in Figure 17.

20

(a) ()
16 1 30 -
R J
b 25
6 J
20-1
4-
W15 4
in# 2+
0 1 L L L ) L 10-
P 1 2 3 4 5 6
22 4 5
i Ina
-4 ;/ 0' Y T T t
% 0 5 10 15
Inl L

Figure 17. Linesr (a) and non-linear (b) models for the weight-length relationship: W = 0.005545L71°7,
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Exercises

1. Given the following data points (x, y values), plot the points, fit the linear model
y = ax + band obtain the best estimates of the parameters m and . On the same graph, plot

the predicted model.

x 5 10 15 20 25 30
y 17 32 45 65 57 72

2. Calculate the following.

0° 107 4 g% 25h
3. Calculate the following.

Logio(42.5) In(2.52)

4, Determine the value of x.

0.70=¢* 10*=¢*

dy . .
5. Calculate Ax for the following functions.

3
&
4—-6x
5x*=2x

It

Y
Y
Y
y

6. Integrate the following.

‘[xzdx
)

Ie‘dx
0
4

[+ 2x)ax
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7. Compare the following length-frequency distribution using univariate descriptive statistics
for each data set. Plot both L-F distributions as histograms on the same graph. Compare the
means and the distributions around the means using confidence intervals.

Length (cm) 10 15 20 25 30 35 40 45 50
Group A 3 7 18 29 21 12 6 1 0
Group B 0 5 12 23 32 15 7 2 1
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GROWTH

Joseph T, DeAlteris and Laura G. Skrobe
University of Rhode Island
Kingston, Ri

Introduction

The prediction of the iength or weight of an aquatic animal as a function of age is a critical aspect
of fish stock assessment. The growth of a fish, crustacean, or mollusc is rapid at a young age,
slows at middle age, and stops at old age. The growth of an individuat animal can be quite
variable depending on food supply, environmental conditions, and genetic background.
Therefore, the analysis of the age and growth of an aquatic animal requires large sample sizes.

Von Bertalanffy (1938) proposed a simple asymptotic function or model to describe the growth of
fish by length, (i.e., a curve for which the slope continuously decreases with increasing age,
approaching an upper asymptote parallel to the x-axis) (Figure 1). Curves of weight at age also
approach an upper asymptote, but form an asymmetrical sigmoid shape with an inflection
occurring at a weight equal to about one third of the asymptotic weight (Figure 2).

t ......................................
oy

H
Figure 1. Growth curve for length where L., is the maximum length that car be achieved.

Input data for growth models may include length, weight, or age measurements. Length
.measurements may include total length, fork length, depth, girth, width, and height. Weight
measurements may include total body weight, wet weight, dry weight, organ weight, shell weight,
and meat weight. Age can be determined by counting growth rings that form in fish hard parts
including scales, otoliths, and fin spines. Growth rings result from seasonal variation in growth.
Ages can also be inferred from multi-modal length-frequency distributions (e.g., for tropical fish
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species that exhibit little seasonal variation in growth and for some crustaceans) using graphical
methods and computer based analysis (Figure 3).

i

Figure 2. Growth curve for weight where ¥, is the maximum weight that can be achieved.

Number

Length

Figure 3, Multi-modal length-frequency distribution.
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von Bertalanffy Growth Equation
Estimating Length

The von Bertalanffy growth function states that the rate of growth dL, it is linearly related to
length by the growth coefficient XK (Figure 4):

dL
/f::K(L_ -L)=KL, ~KI,

where L., is asymptotic length (i.e., the value of L for which growth is zere), and
! is age.

dL/dt

L.
L,
Figure 4. The linear relationship between growth rate (dL/dr) and length (L,).
Note that this function is in the form of the linear model:
y=ax+b

dL
where y = At

x=[,
a=-K,and
b= KL .

The growth rate equation is a differential equation that is solved by the separation of variables
technique. Rearranging and integrating yields:
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J‘[/]{Lﬂ -1, )]dL = det.

Based on integral tables,
L '
~n[L, -L]| =K.

o fo

Assuming ¢ = (¢ and L, = 0 and substituting,

Wt Tk

Taking the inverse natural log, or exponential, and rearranging yields:

(L. - L%ﬁ g’

L.-L=Le™
L =(Le™-L)
L=L(-e")

Recali that a simplifying assumption was that at 4, =0, L,= 0. In reality, most fish at age 0 have a
finite length. Therefore, the equation is corrected by specifying ¢, which is the age when length is
equal to zero (Figure 5):

Lob oo

b t
Lo _

Figure 5. The corrected von Bertalanffy growth function for leagth L, = L_ (1—e %)),
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Using the mean of length at age data for young fish, 1, is estimated by rearranging the von
Bertalanffy function, solving for #, and substituting values for ¢ and L, at the youngest age:

t =t+%{ln[LﬂL—LIJ.

The effect of the growth coefficient X on the growth curve for a given L., is shown in Figure 6.
A value of K= 0.2 results in a gently ascending curve, whereas a value of X' = 1.0 results in a
rapidly rising curve.

!

Figure 6. The effect of the value of the growth coefficient (X) on the growth curve.
Estimating Weight
The relation between the weight and length of an aquatic animal is expressed as:
W, =al?

where a is a unit conversion coefficient
b is a volumetric expansion coefficient.

Von Bertalanffy assumed a value of b = 3 (i.e., isometric or proportionally equal growth in length,
breadth, and depth) and proposed the following:

, = fi- o],
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Estimating Age

The age of a fish at any length can be estimated by rearranging the von Bertalanffy equation:

t =}éln[L%” ‘Q)H"'

The span of age (¢, —¢,) between two lengths L, L, is estimated as follows:
(L.-L)
t.—t = Inj ——141.
= e
Estimating Growth Equation Parameters

Gulland-Holt Method
There are several classical methods for estimating von Bertalanffy growth model parameters using
linear regression techniques. The Gulland-Holt method, based on the original rate equation,

assumes uniform growth over an interval between two ages and plots that growth increment
against mean length between the two ages (Gulland and Holt 1959).

That is: d%: =K(L_-1L,)
or
AL/ =KL, -KL,
which has the form of the linear model:
y=bt+ax

where K = slope
L. = y-intercept/K.

Example 1: Given the following set of age and length data, where length represents the mean of a large number of
fish measured at each age, calculate the animal growth increment or rate and the mean length-at-age using the

Gulland-Holt method.
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Age Length (cm)  Growth Increment (cm) Mean Length (cm)

0 (L} (Lo - L) L —L)2
1 25 1 30.5

2 36 6 39.0

3 42 5 44.5

4 47 4 43.0

5 51 2 52.0

6 53 i 53.5

7 54

The data are fit by a linear modet using a regression of the annual growth increment versus mean length (Figure
7). The value of X can be estimated from the negative of the slope (a); in this case a = -0.4, s0 K =0.4. The »-
intercept (b), gives an estimate of XI . which in this example equals 22.6 cr. Therefore,

L=Yy=2944=565m

25

y-intercept (b)=KL..

Mean Length

Figure 7. Gulland-Holt plot of growth rate against mean length.

The x-axis intercept (i.e., when (AL/Af)=0), is a verification of the value of L... The value of %, is estimated by
taking the mean of 7o obtained for the ages and lengths of the youngest fish when substituted into the rearranged
von Bertalanffy function with the parameters K = 0.4 and L. = 56.5 cm:

fort=1and L, =25,
56.5-25

=1+ 04111[?} = —0.46,

and for r=2 and L, = 36,
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56.5-36
t(} - 2 + 04111(*—?5'—) = —053

The mean #; is -0.493.

In summary, the von Bertalanffy growth model parameters for this length and age data are:

K=04
L.=565cm
hh= -0.4935.

Ford-Walford Plot

An alternative method to determine the parameters X and L.. is the Ford-Walford plot (Walford
1946). This method requires equal time increments (7) between obtaining measures of fish
length. The length of a fish at the later time (L, ) is plotted on the y-axis against the length of

the fish at an earlier time (L) on the x-axis.

The derivation of the Ford-Walford plot is based on the von Bertalanffy function for ages ¢ and
+T:

L‘ - L_ (1 —e_x’) and L“.T - L-(l_e—x{nr)).
Subtract L, from L,.rand solve for L,

L.,-L=Ll-e*“D|-1 fi-£%|
Lo-L =L_e™[1-e*|
L.,=L e*l-e*]+L,.

Substituting L_e™™ =—(L, L. ) into the above equation and simplifying yields:

Ln‘f = _{Lt -L, Xl - )+ Ll
L,=L(1-e*)+Le™.

Note that this equation has the form of the linear model y=b+ax
where y=L ,,

x=L,

a=e*, and

b=L_(1-e7*).
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The plot of L, versus L,.rforms a straight line regression that intersects the 45 °© line (Figure 8).
The 45 ° line describes the function L ,; = L,, which indicates no growth between the earlier and

later measurements. The intersection between the no growth function and the data regression line
isl_.
60 1
55 1

50 4
slope (a) L

45 -
Lot 4o g
35 -
30 4

25 1

20 - T T T ' T - .
20 30 40 50 60

L,
Figure 8. Ford-Walford plot of growth at time 1+7 versus length at time ¢.

The slope of the regression line is @ = ™" . The value of X can be obtained by rearranging this

equation to
-{%).

If T = 1, this equation simplifies to X =-In(a).

Example 2: Given the age-length data in Example 1, use the Ford-Walford plot method to estimate X and L.,.
The data are fit by a linear model using a regression of the length of a fish at the later time versus length of the fish
at an earlier time (Figure 8). To solve for L.., a 45° line (line of no growth) is added to the graph and then the no
growth equation (y = x) and the regression line (y = 18.94 + 0.667x) are set equal to each other:

x='18.94 + 0.667x

0.333x=18.94

x=18.94/0.333
x=56.88.

Therefore, the value of L., is 56.88.

The value of X is obtained using the equation;
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K= -In(a}.
The slope a is 0.667, therefore K = -in(0.667) = 0.4. The ¢, value is calculated in the same manmer as before.
In summary, the von Bertalanffy growth model parameters for this length and age data are:

K=04

L.=5%8m
fg = -0.476.

Non-linear Regression Methods

A more direct method of fitting the von Bertalanffy growth function to length or weight and age
data is to use non-linear regression methods. Non-linear regression methods use a computer
algorithm to iteratively fit new parameter values to the model until the sum of the squared
differences between the observed and predicted values is minimized. The Selver routine in
Microsoft Excel is a useful tool to conduct such an analysis on data entered in a spreadsheet.

Example 3: The following spreadsheet was constructed in Exce/ given the previous length-age data set, and
estimated values for X and L., of 0.4 and 57, respectively. Note that the values of L., and X are set aside as
adjustable cells (cells C12 and C13), so that Solver can change the values as it attempts to minimize the sum of the
squared differences (cell D9). '

Column A B C D
Rows 1 AGE Lowe Liee Loe-Lowst)’
2 I 25 - -
3 2 36 - -
4 3 42 - .
5 4 47 - -
6 5 51 - -
7 6 53 - -
8 7 54 - -
9 SUM(D2:D8)
10
11
12 K= -
13 L.= -
14

15
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Gompertz Growth Equation

Another growth curve that is sometimes used to describe the increase in fish weight with age is
the Gompertz function (Ricker 1979):

W =W, e[G(l—e" I

where W, is weight at time ¢,
¢ is the age of fish,
W, is a hypothetical weight at r =0,
G 1s an nstantaneous growth parameter when ¢ = 0, and
g is the instantaneous rate of decrease of the instantaneous rate of growth (G).

The Gompertz function has a sigmoid shape with an upper asymptote of W,e® at¢=oco and a
lower asymptote of =0 at ¢ = -ce, The inflexion point is %(W, ).

The Gompertz function is used primarily to describe data on weight at age, especially at young
ages where growth is rapid. Note that there are three parameters to be estimated (W, G, and g),
requiring non-linear estimation techniques for large data sets.
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Exercises

1. Given the following age-length data set for mackerel, determine X L.., and ¢, using Ford-
Walford and non-linear methods.

Age Length
1 15.1
2 22.7
3 27.5
4 323
5 34.8
6 37.1

2. Given the following lengths at age for herring, determine X, L., and ¢ using Gulland-Holt and
non-linear methods.

Age Length
3 25.7
4 28.4
5 302
6 31.7
7 32.8
8 33.7
9 344
10 349
11 356
12 36.0
13 35.9
14 37.0
15 377
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ESTIMATION OF MORTALITY RATES

Don Orth Najih Lazar Joseph T. DeAlteris
Virginia Tech Rhode Island Division of Fish University of Rhode Island
Blacksburg, VA and Wildlife Kingston, RI
Wakefield, RI
Introduction

The general diagram of the dynamics of exploited fish stocks can be represented by an input-output
diagram (Figure 1). Recruits into the stock and growth add to the total abundance and weight of
the stock and are therefore considered inputs. Total losses from the stock are measured in two
terms and are considered outputs. Natural mortality (M) 1s a measure of mortality resulting from
natural causes (¢.g., diseases, pollution, predation, aging), and fishing mortality (F) is a measure of
mortality attributable to human harvest and discards.

Recruits = Input @ Natural mortality = Output

Growth = Input Fish Stock Fishing mortality = Output

Figure 1. Schematic diagram of Inputs and losses to a stock.

Mortality represents losses to a stock and is expressed as the rate of change of the size of a stock or
a portion of the stock (e.g., cohort). It is generally most convenient to deal with instantaneous rates
of change; i.e., the rate at which the numbers in the population are decreasing. The term
"instantaneous” infers that the number of fish that die in an “instant™ is at all times proportional to

the number present. The rate of loss can be expressed as:

a_ .
L

where Z=F + M is defined as the total instantaneous mortality coefficient. Rearranging this
equation:

or
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l)
-|=—|dN=4d -
(ZN

Integrating the left side of this equation between Nyand N, yields:

[ [1) [,{JLJ
%N 4 N,
and integrating the right side between £, and ¢ yields:

jdz=t-t0,

o

which is equal to ¢ when ¢, = 0. Therefore,

N,J
h{No =-a

Rearranging and solving for N, yields:

N, = Nge?.

This solution is known as the exploited cohort equation or decay equation because it describes the
decline in numbers over time. The parameter &V, is the number of animals in the population at time 0
and N, is the number present at time ¢. The parameter Z is the total instantaneous mortality rate
which can be separated into natural (M) and fishing (F) mortality (i.e., Z = F + M). Figure 2 shows
the relationship between N, and N, over time for various levels of mortality.

Example 1: If the instantaneous mortality rate is 2 (f.e. Z=2) and the initial population size (M) is 1 million fish,
how many will be alive at the end of the year.

If the year is apportioned into 365 days (i.e., the “instant” time is ong day), then 2/365 or 0.548% of the population
will die each day. On the first day of the year, 5,480 fish will die (1,000,000 x 0.00548), leaving 994,520 alive.
Similarly, 5,450 fish will die on the second day. If p is the proportion of fish that dies every day, then ¢ = 1-p is the
proportion of fish that survives. Table 1 describes the decrease in numbers over time.

At the end of the year, [1,000,000 x (1-0.00548)***] = 134,566 fish remain alive = N,
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Table 1, Proportional decrease in population over time,

Time Number of fish dead Number surviving
1 * dﬂy PNa qN @
2" day A : q'Np
3" day P*¢*No q'No
n® day BN, q"No

If we had instead selected a smaller “instant’ of time, say an hour, 0.0228% of the population would have died by the
end of the first time interval (an hour), leaving [ 1,000,000 x (1-0.000228)** ] or 135,673 fish alive at the end of the

year,

As the ‘instant’ of time becomes shorter and shorter, the exact answer to the number of animals surviving after 1 year
is determined using the survivai equation menticned above, or, in this example;

N, = Nye ™ =1,000,000 e =135,335 fish.

1000

750 +

Number of fish
Ln
3

250 -

0 2 4 6 8 10
Time (years)

Figure 2. Exponential decay curves for Z = 0.2, 0.5, 1.0, and 2.0 with recruitment Ny = 1000 fish.
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The slope of the curve is also called the survival rate (S), and is equivalent to the number at the end
of time ¢ divided by the number at the start of time #

Nf =-Zr .

S:Fo:

N

Solving for Z gives:

In(S})
-

Z =

The total instantanecus rate of mortality equals the sum of the instantaneous rates of natural and
fishing mortality (Z = F + M). Similarly, the total survival rate (Sy), equals the product of the
survival rates from each source of mortality (i.e., natural and fishing).

- -2t - -(F+ M
N,=Neg% N, = Nge

and
ST=SFXSM'

The exact formulation used to calculate mortality rates depends on the relationship between natural
and fishing mortality. A Type 1 fishery exists when natural mortality occurs at a time of the year
other than the period of harvest (Figure 3). A Type 2 fishery exists when fishing and natural
mortality occur simultaneously (Figure 4). Type 2 fisheries are more common.

F F
M
M
Time (months) Time (months)
Figure 3. Type 1 fishery. Figure 4. Type 2 fishery.

For Type 2 fisheries, the natural and fishing mortality rates can be added together to determine total
mortality rate, which can then be used in computations. For Type 1 fisheries, however, population
size must be computed in two steps using the two mortality rates separately. Under the scenario
shown in Figure 3, fishing mortality early in the year would reduce the population size upon which
natural mortality would occur at the end of the year. To find the end of the year population size,
apply fishing mortality to the initial population size to find a mid-year population size. The mid-year
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population size is then the starting population size upon which natural mortality is applied.

Annual mortality can also be measured in annual rates of exploitation, which can be defined as the
annual percent removal rate (I). Exploitation rate can also be defined as the finite proportion of the

population harvested (U = Catch/population size).
Ina Type 1 fishery, the exploitation rate U is calculated as
U=1-e2
[n a Type 2 fishery, the exploitation rate is calculated as
U= (F*A)/Z

where A4 = 1-¢” is the annual mortality.

Example 2: Consider a population of Ny = 1000 fish at the start of the year, At the end of the year, N, = 358 fish.
During the year, 321 fish were caught. Calculate S, Z, 4, U, F, and M during the year.

Solution;
g= N _358 _asg
N, 1000
= - In(S) = - In(0.358) = 1027
A=1-5=0642

_Z*U _ (1027%0321)
F= 4 0.642 = 0514

M=2Z-F=1027-0514=0513.

Estimatilig Total Mortality from Catch Curve Analysis

Edser (1908) was the first to point out that when catches of North Sea Plaice were grouped

into size-classes of equal breadth, the plot of the logarithms of the numbers of fish in each class had a
steeply ascending limb, a dome shaped upper portion, and a long descending right limb, which was
nearly straight through its entire length. This was soon recognized as a convenient method of
representing catches graphically, and later became known as Catch Curve Analysis (CCA). This
analysis is simply a graphical representation of the numbers of survivors plotted against age.

In CCA, a linear regression of catch as a function of age is fit using the function

I(N,)=aX+b
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where X is time in years.

The absolute value of the slope, a, is equal to the total mortality Z. The variable 5 is the y-intercept.
It is important that CCA be performed only on the portion of the stock that is fully recruited to the
fishing gear. Also, the plus group is often not considered in catch curve analyses.

CCA is most appropriate for data from a single year class collected over time. If CCA is used fora
single year's catch, it should only be done when there is no interannual trend in recruitment.

Example 3: Perform a catch curve analysis using the catch-at-age data for striped bass (Morone saxatilis) on the
Atlantic coast from Maine to North Carolina (both landings and discards) reported by the Atlantic States Marine

Fisheries Commission.

Age | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+

Numbers| 0.5 98 658 664 S51 476 456 216 143 71 44 48 13 46 2.6

La(V) 069 459 648 649 631 6.16 612 537 490 426 377 386 258 152
0.95

Figures 5 and 6 show the results of a catch curve analysis using this data. The CCA suggests that the average total
mortality in 1996 on fully recruited cohorts is 0.51 (absolute value of -0.5104). The Atlantic States Marine Fisheries
Commission assumed a natural mortality M between 0.15 and 0.2. Therefore, fishing mortality () was estimated to
range between 0.31 and 0.36. The fisheries management target is set at F=0.31,

g y=-0.5104x +9.2155
S — 5 Z =0.51
< 2. -
5 N
E % 2 4
=
z a
0 T T Ly T 1 L) 1
1 234567 89101112131415 0 2 4 6 8 10 12 14 16
_ Age Age
] Observed values ==ll==Decay equation © Not used in calculation @ Used in calculation
Figure 5. Observed and predicted population size. Figure 6. Catch curve analysis.

Catch curves are very simple to calculate, but they hide numerous assumptions that one has to
consider when interpretting the results. Baranov (1914) described the assumptions involved in the
interpretation of the catch curve analysis:

1. The survival rate is uniform with age, over the range of age-groups in question.

2. Since the survival rate is the complement of total mortality rate, and total mortality is
composed of fishing and natural mortality, this will usually mean that each of these,
individually, is uniform.
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There has been no change in mortality rate with time,
The sample is taken randomly from the age-groups involved,
The age-groups in question were equal in numbers at the time each was being recruited

to the fishery (constant recruitment).

N

If these conditions are satisfied, the right limb is a curve of survivorship which is both age-specific
and time-specific. Two principal exceptions should always be kept in mind: 1) the decrease in

vulnerability to fishing with age and 2) the consequent tendency toward an increase in survival rate
will not be reflected in the catch curve and, in some instances, will introduce a bias in the estimates.

The most common application of the catch curve is estimating mortality on a cohort from research
survey data. If we collect a random sample using a trawl from a fish stock at a fixed time ¢, the
mean catch at age per tow from one year to another can be used to estimate total mortality. The
sample is characterized by its catchability which can be defined as the “catch capacity of the gear
per one unit of effort”. The relationship between CPUE or survey index (/) and the stock (V) can be
written as:

I,,=gN

al

where [, is the survey index or mean catch per tow,
q is the catchability coefficient, and
N,,1s the cohort size at age g and time ¢.

The total mortality can be calculated from data for two or more consecutive years as follows:

Na+l;+!
z= ‘“( N., ]

Estimating Total and Fishing Mortality from Tagging Experiments

One method used to estimate parameters of a fish population is by tagging or marking a
representative sample of the population, releasing them, and resampling at a later date to see what

fraction of the population is tagged.

Tagging fish was first done to study movement and migration of individuals, but Petersen (1896)
realized that tagging could also be used to measure population size and mortality rates. The principal
kinds of estimates that can be obtained from marking studies are:

1. Rate of exploitation
2. Size of the population
3. Survival rate of the population from one time interval to the next; most usefully,

between times one year apart
4. Rate of recruitment to the population (Ricker 1975).
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Not all mark and recapture experiments provide all this information. Estimating population size in a
marine environment using mark-recapture techniques can be difficult, sometimes resulting in biased
or imprecise estimates because of small capture and recapture probabilities. However, these
problems are not encountered as often when estimating mortality rate.

One Time Releases or Single Census (Petersen Type)

Prior to a fishing season, C, fish are captured, marked and released; subsequently a sample of C, fish
of which R were previously marked, is taken during the fishing season. Estimates of population size
and exploitation rate of the population are given by:

Variance for these estimates can be estimated with the following equations:

R(C,- R)

CIZCI(CZ - R) Va =
e O e

Var(N) =
The exploitation rate is converted to an instantaneous rate using either
Us1-¢?
for a Type | fishery, or

F
U=Ea—fﬂ

for a Type 2 fishery. If natural mortality (M) is known (or assumed), estimates of fishing mortality
can be found by substituting Z= F + M into either of these equations.

Example 4: The Northeast Utilities Service Company (NUSCO) in Waterford, CT has collected and tagged lobsters
in Long Island Sound since 1978. Commercial fishers and others recaptured lobsters and returned the tags to the
NUSCO. Recapture data for indiviciual years of tagging were used to determine annual expioitation rates, The results
of this study are shown in the following table. Given this information, calculate fishing mortality rate for each year,
assuming a natural mortality rate of M=0.15.

Because fishing mortality and natural mortality occur at the same time, the instantaneous rate of mortality will be
calculated using the Type 2 fishery equation:

F -z
U= Z(I-e )
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Setting M = 0.15, we can iteratively solve for F in Microsoft Excel using the Goal Seek or Solver procedures. For
example in 1996, /= 0.16; thus F=0.19 withan M=0.15. In 1997, U=0.27 therefore F =0.34 and M= 0.15.

Year Tagged Recaptured Rate of
Exploitation
1986 5797 1194 0.21
1987 5680 1356 0.24
1988 6836 1727 0.25
1989 6436 1235 0.19
1950 5741 1066 0.19
1991 6136 1109 0.18
1992 9126 1842 0.20
1993 8177 1708 021
1994 7533 1974 0.26
1995 5307 963 0.18
1996 6221 997 0.16
1997 6102 1665 0.27

Recaptures in a Series of Years from a Single Year Release

In more complex tagging experiments, a known number of tagged fish are released at one time and
recaptured over a period of several years. When more than two years of recaptures are availabie
from a single release, S and Z can be estimated using a method similar to Catch Curve Analysis.

If N, fish are tagged initially, the number of tagged fish remaining in the population at the beginning
of the 7" time interval is N,, where

N, = N Fran
where F is fishing mortality rate,
M is natural mortality rate,
N, is the total number of fish tagged, and
T is time.

The number of tagged fish captured in the #* time interval (»,) is given by:

P ——

Substituting for V, yields
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Taking the natural log of both sides and substituting Z for (F+M) gives:

In(n,)= - ZT+ [l:{ Fg") +In(1- e—ﬂ)] .

This equation can be rewritten in linear form as

n(n,) = aT+b

where a is the negative of total mortality (-Z) (since a will be negative)
T is time in years.

The natural log of recaptures plotted against time provides a negatively sloped linear function,
similar to CCA.

Example §: A sample of 1000 wirtter flounder were tagged in Narragansett Bay in the winter of 1990, Returns from
those tagged fish from 1991 to 1994 are shown below. Determine estimates of total mortlaity (Z) and fishing
mortality (F) over the time period, assuming a natural mortality rate of M= 0.30.

Year n, In(n,)
1991 270 56
1992 36 36
1993 6 1.8
1994 1 0

Conducting a linear regression of In{n,) as a function of time in years (Figure 7) provides an estimate of total
mortality of Z= 1.8, If M=0.3, then F= 1.5, an extremely high rate of fishing mortality.
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y =-1.8587x +7.3902

Ln{Recaptures)
[ 4

38 )
I

0 1 2 3 4 5

Time (years)

Figure 7. La(recaptures) versus time for tagged winter flounder.

These types of estimates hold assumptions of equal survivorship, complete reporting, and no tag loss
or tag mortality. In the real world, these assumption are rarely satisfied and should be investigated
by conducting paralle] studies such as a tag reward program and special laboratory work on tag
retention and tag induced mortality. Non-random mixing of tagged and untagged fish and emigration
can also introduce bias and should be investigated.

Estimating Natural Mortality from Fishing Mortality and Effort Data

Paloheimo (1980) introduced a relationship between independent estimates of total mortality and
fishing effort as follows:

F=gf

and

Z=F+M=qf + M

where /s fishing effort, and
q 1s a catchability coefficient.

This is in the linear form of y = ax + b. Plotting Z against f and fitting the best line through the
data, the resulting slope is an estimate of g and the intercept is an estimate of natural mortality M
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(Figure 8). These estimates, particularly M, should be treated with a little caution because the true
fishing effort is not always accurately estimated by the available figures of nominal effort.

0.5 -

<
'
1

y =0.0013x +0.2118

o
Lol
1

Total mortality
o
)

o
—
!

0 T 1 1 T 1
0 50 100 150 200 250

Effort (Days fished)

Figure 8. Plot of Z=gqf+ M. In this example, § = 0.0013 and M =0.2118.

Example 6: Soive for M using the time series of effort and total mortality data in the kmgfish fisheries off the coast
of Thailand from 1966 to 1974.

Solution: Plotting the values of Z against f given in the table below resuits in Figure 9. The y-intercept estimate from
the least squares regression equation gives an estimate of A = 2.05

Year Effort () Z
(x1000 days)

1966 2.08 241
1967 2.08 2.69
1968 3.50 2.72
1969 3.60 2.62
1970 3.80 3713
1971 - -

1972 7.19 3.68
1973 9.94 4.61
1974 6.06 3.30
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Figure 9. Linear regression of Z against fto solve for M.

Other Methods for Estimating Natural Mortality

Natural mortality is difficult to measure directly. There is, however, a loose relationship between
natural mortality and fish life history. In general, fish with early maturity, a high growth rate, and
low longevity have high natural mortality. This includes pelagic fish such as anchovies, mackerel,
and herring. On the contrary, fish that mature late, have a slow growth rate, and live longer have
low natural mortality. This includes demersal fish such as tautog, cod, sturgeon, and haddock.

Based on this and other generalizations about fish life history, several methods have been introduced
that provide rough estimates of a species’ natural mortality. The values for M obtained from these
methods may not be accurate. Natural mortality is influenced by many factors other than life
history. However, these methods can be used to get a handle on re/ative rates of natural mortality.

For example, Hoenig (1983) proposed the following formula that relates M to a species” longevity

where T, is the maximum age or longevity.

Pauly (1980) proposed a formula for tropical species that relates natural mortality with variables



such as the growth parameter (K) and temperature (7). Gunderson (1980} relates natural morality
to female gonadosomatic index.

Table 2 shows values of M for several species based on Hoenig’s 3/7 .., equation. It is important to

remember that values derived from these methods represent only relative rates of natural mortality
and may not be entirely accurate.

Table 2. Values of natural mortality derived using Hoenig (1983).

Species Longevity M
(years) (Hoenig 1983)

Croaker 5 0.60
Menhaden B8 0.375
Bluefish 8 0375
Cod 20 0.15
Striped bass 30 0.10
Tautog 30 0.10
Red Drum 50 0.06
Atlantic Sturgeon 60 0.05
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Exercises

L.

Given an initial population of N, = 25,000 fish, a survival rate of S = 0.47, and a commercial
harvest of 10,500 fish, determine &, U, Z, F and M during the first year for both a Type 1
and Type 2 fishery. For the Type 1 fishery, assume fishing occurs only in the second half of

the year.

2. Weakfish caught by the NEFSC autumn bottom trawl survey were aged by applying annual
age-length keys from pooled commercial and research samples to survey caught fish. Catch-
at-age (expressed as CPUE) for the 1985 and 1990 year classes is shown below. Estimate
total and fishing mortality for the two different years, assuming M = 0.25.

’ Number at age
Year 0 1 2 3 4 5
1985 J 10.39 4.12 0.93 0.06 0.03
1990 345 0.73 0.13 0.06 0.019 0.013
Weakfish CPUE-at-age from NEFSC autumn bottom trawl survey.

3. The following data are taken from the Cooperative Striped Bass Tagging Program,
conducted by the U.S. Fish and Wildlife Service and the Atlantic States Marine Fisheries
Commisston. The purpose of the program is to monitor mortality and migration of striped
bass for the major producer areas (Hudson River, Chesapeake Bay, and Delaware Bay). This
program comprises 4 critical operations: tagging fish, recovering tags, managing records of
releases and recoveries, and analyzing recovery data. Total releases of tagged striped bass
have exceeded 170,000 fish in ten years , through the participation of 10 states. Analysis of
these data is performed on an annual basis by the Atlantic States Marine Fisheries
Commission tagging group. Data from the Hudson River portion of this program are shown
in the following table. Using this data, derive estimates of total and fishing mortality for the
years 1990, 1993, and 1996. Natural mortality for striped bass is M= 0.15.

Release and recapture matrix of striped bass in the Hudson River from 1988 and 1996.
Yearof  Number Recaptures
release released 1988 1989 1990 1991 1992 1993 1994 1995 1996
1988 22?7 25 3 18 1 10 5 4 1 4
1989 387 41 29 17 9 6 8 4 0
1990 446 62 31 27 14 9 4 1
1991 364 38 31 12 10 9 4
1992 699 90 58 35 21 I3
1993 537 73 36 24 18
1994 381 43 i3 26
1995 462 50 34
1996 681 88
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SELECTIVITY OF MARINE FISH HARVESTING GEARS:
GENERAL THEORY, SIZE SELECTION EXPERIMENTS AND
DETERMINATION OF SIZE SELECTION CURVES

Joseph T. DeAlteris
University of Rhode Isiand’
Kingston, RI

Background

Since the 1970's, considerable progress has been made in defining the selection characteristics of
various fish harvesting gears. Fishery managers and fishing gear technologists have investigated
the subtle characteristics of species-specific size selection as a function of mesh size and shape in
trawls, mesh size and hanging ratio in gill nets, hook size and style in longlines, and mesh size
and funnel opening size in traps, so as to provide improved management of fishery stocks
harvested with these gear types.

Literature Review

The study of size selection characteristics of fish harvesting gear began in the early 1900's, with
an application toward fishery management (Baranov 1918 in Baranov 1976). In the late 1950,
the International Commission for the Northwest Atlantic Fisheries (ICNAF) co-sponsored 2
special scientific meeting on the selectivity of fishing gear (Anonymous 1963), and research
summarized in the proceedings of that meeting were the basis for three decades of progress. The
size selectivity of all fish harvesting gear can be classified broadly into two types of probability
distributions (Clark 1960, Holt 1963, Pope et al. 1975):

1. A sigmoid curve, increasing from some positive value less than one to one as a
function of fish size. This curve is represented by a logistic cumulative distribution
function (LCDF). The selection characteristics of this curve are that all fish smaller
than a particular size (L) are not captured (P = 0); that all fish larger than a
particular size (L;) are captured (£ = 1); and that fish of a certain size (Ls) between
Ly and L, have a 50 percent probability of capture (P = 0.5) if encountering the gear.

2. A dome-shaped curve, increasing from some positive value less than one to one,
then decreasing again as a function of fish size. This curve is represented by a
truncated, rescaled normal probability density function (NPDF). The characteristics
of this curve are that all fish smaller than a particular size (L,) and larger than
another particular size (L) are not captured, and that fish of a certain size (L,p/)
between L; and L have a 100 percent probability (P = 1.0) of capture if
encountering the gear.

Fish size selection by a trawl codend may be modeled by a LCDF. Early work by Clark (1963)
estimated sigmoid selection curves for groundfish species in the Northwest Atlantic. In the
1970s and 1980s additional research provided species- and mesh size-specific selection curves
(Smolowitz 1983). More recent work has attempted to further define codend seiectivity as a
function of mesh shapes (square versus diamond) and to relate mesh shape to codend escape



survival (DeAlteris and Reifsteck 1993). For fish selection by trawl codends, the following
generalizations may be made: (1) larger meshes retain fewer small fish, shifting the selection
curve to the right; (2) square mesh codends steepen the selection curve and shift it slightly to the
right, as compared to a codend of similar mesh size of diamond shape.

Fish size selection by a gillnet may sometimes be modeled by a NPDF (Hamley 1975). Early
work by Regier and Robson (1966) established an experimental methodology to describe the
parameters of a normal distribution used to characterize the selectivity of the gillnet. Later work
by Borgstrom (1989) and Hamley and Regier (1973) further defined the application of the NPDF
to gillnet selection. More recently, Lazar and DeAlteris (1993), presenting the results of an
analysis of gillnet selection in the Gulf of Maine groundfish fishery, used a truncated two-term
gram Charlier series model to define in greater detail the shape of the selection curve.

Fish size selection by a longline with hooks may also be modeled by a sigmoid curve
(McCracken 1963 and Saetersdal 1963). Ralston (1982), investigating the Hawaiian deep-sea
handline fishery, concluded that a sigmoid curve most accurately described the selective
properties of the gear in that fishery. Similar results were reported by Bertrand (1988) in his
analysis of hook selectivity in the handline fishery of the Saya de Maiha Banks (Indian Ocean).
In contrast, Ralston (1990), investigating the size selection of snappers by hook and line gear,
concluded that neither distribution model in its simplest form depicted hook selectivity. Otway
and Craig (1993), studying the effects of hook size in catches of undersize snapper, also
determined that neither the normal nor the logistic model was appropriate.

Fish size selection by traps has also been investigated. Stevenson and Stuart-Sharkey (1980)
tested the effect of three different mesh sizes and found that increasing the mesh size led to a
significant reduction in the number of smaller fish caught. Ward (1988), reporting on the results
of mesh size experiments in the Bermuda trap fisheries, developed sigmoid-shape selection
curves for the dominant species. However, as noted by Ward, since the traps had very large
funnel openings relative to the maximum fish size in the population, nothing prevented entry by
even the largest fish. Bohnsack et al. (1989) investigated the effect of fish trap mesh size on reef
fish off southeastern Flonda and found that larger meshes retained fewer small fish. It is clear
that the mesh covering a trap wiil affect the retention of the smaller fish. If there is no restriction
to entry by the largest fish in the population, then the selection curve may be sigmoid. However,
the traps with the highest catch efficiency will have funnel openings small enough so as to
impede the exit of captured fish that would otherwise be retained by the mesh size. Therefore
these traps may have a dome-shaped selection curve.

General Theory
Logistic Cumulative Distribution Function

The size selection characteristics of trawl codend meshes and some hooks can be represented by
a logistic cumutlative distribution function (LCDF) (Figure 1) of the form:

PL, = (1 +el-TME-Lo) )—1



where PL; is the probability of retention at length (L)
o2 is the steepness of the curve, and
Lsp is the length at 50% selection.
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Figure 1. Probability of selection following a logistic cumulative distribution function.

This equation is a specialized form of the general LCDF equation:
PL, = (1 + e ’)_1

where ais (-a2* Lsg)or (-8 * Ls) , and
Ais identical to a2, the steepness of the curve .

The terms arand S can be determined using:
1. Non-linear regression of data relating PL; and L, or
2.  Linear regression (Figure 2) of the linearized LCDF using the equation:

In(P/(1- P))=a+(f*L).
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Figure 2. Regression of In(P/(1-P)) vs L.

The LCDF curve is unique for 2 particular fish species, mesh size, and mesh shape. The
selection factor (SF) is defined as:

SF = Ly /mi

where m/{ is the stretched mesh length.

The selection range (SR) is a measure of the steepness of the LCDF curve, and is described by:
SR= Ly~ Ly

where Lsis the length at P=0.75, and
Ljs is the length at P = (.25,

Using the selection factor, the Lsp of other mesh sizes can be determined, resulting in a family of
selection curves for a given species and mesh shape (Figure 3).
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Figure 3. Logistic camulative distribution function (LCDF) selectivity curves,

Normal Probability Distribution Function

The size selection characteristics of gillnets and some traps are represented by a truncated, scaled
normal probability distribution function (NPDF) (Figure 4):

PNL = e[‘{f-"—m F/ (Z‘SD’H

where PN, is the probability of capture at length (L),
SD is the standard deviation, and
Lops 18 the length of maximum selection probability.

The parameters L, and SD which define the NPDF can be determined by comparing the catches
of two similar gears (A and B) that overlap in length-frequency distributions (Holt 1963). The
method regresses the natural log of the ratio of the catches of the two gears at given lengths
against lengths (Figure 5) using the linear model:

y=a+blL

where y is the In(Cp/Cly),
a is the y-intercept, and
b is the slope.
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Figure 4. Probability of selection following a normal probability distribution function.
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Figure 5. Linear regression of In(C»/'C,,) for two similar gears that follow NPDF.



The values of L, and SD for the two gears can be determined with the following equations using
the parameters @ and b, and the mesh sizes of the two gears mi,, and mip:

L, A= -2%[(@*ml,)/ (b*(ml, + mi,)]
L, B=-2%(a*mly)/b*(ml, + ml,)]
SD=[-2%a*(miy-mi))/ (6> *(mi, +mi ).

The selection factor SF is:

SF= Ly, /mi

where m! is the mesh size.

Using the selection factor, the L., of other mesh sizes can be determined, resulting in a family of
selection curves for a given species (Figure 6).
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Figure 6. Normal probability distribution function (NPDF) selectivity curves.

Field Experiments and Estimation of Size Selection Curves

The selection characteristics of fish harvesting gears are usually determined using comparative
fishing trials.

For LCDF selection, the probability of capture or retention approaches 100% (P = 1) for the



largest fish in the population, and the smallest fish in the population have a probability of capture
or retention approaching 0% (P = Q). Therefore, the comparative fishing experiment compares
the catch of a relatively larger hook or mesh to the catch of a small hook or mesh that captures or
retains all the fish that would encounter the larger gear, but be only partially captured or retained.

In the case of a trawl codend mesh experiment, the comparative trials are conducted using:

1. A covered codend, where the catch retained in the codend is compared to the catch of
the cover and the codend.

2. A trouser trawl with two codends, small mesh and experimental, where the catch
retained in the experimental codend is compared to the catch retained in the smatl

mesh codend.

3. Alternate paired tows aboard a single or paired vessels where the catches of the small
mesh codends are compared to the catches of the large mesh codends.

Example 1: Covered codend experiment for an idealized roundfish.

The catches by length (cm) for a mesh cover and an experimental codend (12 cm, diamond mesh) ara shown below.
Solve for Lsp, selection factor, selection range, and the parameters & and f} that define the LCDF.

L {cm) Cover Codend Sum Ratio (P)
10 10 0 10 0.00
20 19 1 20 0.05
30 75 25 100 0.25
40 200 200 400 0.50
50 100 300 400 0.75
60 2 198 200 0.99
70 0 50 50 1.00
80 0 5 5 1.00

The selection curve is plotted, and graphically the L, is estimated to be 40 cm.
The selection factor is 40 ¢cm/12 cm = 3.3

The selection range is Lys-L5 =20 cm

The parameters (@ and £) defining the LCDF are determined indirectly using linear regression on the transformed
equation or directly using non-linear regression. These results are illustrated in Table 1 and Figure 7,



Table 1. Results of the covered codend experiment.

L (em) Cover Codend Sum Ratio (#) In (P/1-£) Predicted P
10 10 0 10 0.00 0.008
20 19 1 20 0.05 -2.94 0.042
30 75 25 100 0.25 -1.10 0.198
40 200 200 400 0.50 0.00 0.582
50 100 300 400 0.75 1.10 0.387
60 2 198 200 0.99 4.60 0.978
70 0 50 50 1.00 0.996
80 0 5 5 1.00 0.999
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Figure 7. Results of the covered codend experiment.




For NPDF selection, the probability of retention or capture approaches 100% (P = 1) fora
particular size of fish, then decreases to 0% (P = 0) for smaller and larger fish. Therefore, a
comparative fishing experiment compares the catch of a particular size mesh in a gillnet or
combination of wall mesh and entrance funnel in a trap to similar gears smatler or larger. The
length-frequency distributions for the catches of the two gears must overlap for comparison to be
effective. In the case of the gillnet, a dome-shaped selection curve reflects capture by wedging
or gilling. The catch comparison assumes that the two nets with di fferent mesh sizes have

similar fishing power and standard deviations for the selection curves.

Example 2: Gillnet catch comparison experiment for two nets.

Nets A and B have mesh sizes of 8.1 and 9.1 cm respectively. Catches from these two nets are shown below.
Determine the selection parameters a and b, the L,,s for both nets, the standard deviation, and selection factor. Plot

the results using the NPDF model.

Length # Captured # Captured  In(B/4)
A

B
18 20 0 -
19 0 1 -4.5
20 199 9 -1
21 182 53 -1.2
22 119 290 0.9
23 29 357 25
24 4 225 4.0
25 0 101 -

Plotting the length-frequency distributions for the catches of the two nets, the required overlap is observed (Figure
8a),

Regressing the In(B/4) against L (Figure 8b) and fitting the model y = bx +a results in coefficients:

a=-38.1
b=1.76.

Following the method of Holt (1963):
Lo A =20.4cm
Lope8=23.0cm
SD=1.44
SF=125.

Applying these values to the parameters of the NPDF model results in the selection curves shown in Figure 8c.
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Exercises

TRAWL CODEND SELECTION PROBLEM

COVERED CODEND EXPERIMENT
Yellowtail flounder on Georges Bank

Codend = 14 cm, diamond mesh; Cover = 5 ¢m, square mesh

Fish Length (cm) Codend Cover
10-12 0 0
13-15 0 50
16-18 10 102
19-21 20 90
22-24 33 60
25-27 48 43
28-30 107 21
31-33 95 5
34-36 87 0
37-39 60 0
40-42 60 0
43-45 20 0
46-48 12 0
49-51 2 0
52-54 0

1. Determine the selection curve by linear regression on natural log transformed data.

2. Based on the selection curve, estimate the Lsp, SF, SR for yellowtail flounder, using a
14 cm diamond mesh codend.



TRAWL CODEND SELECTION PROBLEM

ALTERNATE TOW EXPERIMENT
Cod on Georges Bank

Exp Trawl = 14 cm, diamond mesh; Lined Trawl =5 ¢cm

Fish Length (cm) Lined Trawl Exp Trawl
11-15 0 0
16-20 5 0
21-25 7 0
26-30 2 0
31-35 10 0
36-40 30 2
41-45 36 6
46-50 42 8
51-55 50 20
56-60 83 35
61-65 64 42
66-70 53 47
71-75 42 38
76-80 19 20
81-85 i1 10
86-90 7 7
91-95 6 5

96-100 4 3
101-105 1 1
106-110 0 0

1. Determine the selection curve by non-linear regression of PL; versus L.

2. Based on the selection curve, estimate the Lso, SF, SR for cod using a 14 cm diamond
mesh codend.



GILLNET SELECTION PROBLEM FOR COD

Fish Length Webbing A Webbing B Webbing C
{cm) 13.6 cm 14.8 cm 16.0 cm
46 0 0 0
48 5 0 0
50 26 0 0
52 52 1 0
54 102 16 4
56 295 131 17
58 309 362 95
60 118 326 199
62 79 191 202
64 27 111 133
66 14 44 52
68 8 14 25
70 7 8 15
72 0 1 5
74 0 0 1
76 0 0 0

Determine parameters g and b for each paired comparison.
Determine SD for each paired comparison.
Determine L,,, for 13.6, 14.8, 16.0 cm webbing.

Average the parameters g, 5, and SD resulting from the two paired comparisons.

. Plot L-F and selectivity curve for each webbing.
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DEVELOPMENT AND APPLICATION OF YIELD PER RECRUIT
AND SPAWNING STOCK PER RECRUIT MODELS

Joseph T. DeAlteris
University of Rhode Island
Kingston, RI

Background

Models of yield per recruit (YPR) and spawning stock biomass per recruit (SPR or SSBPR) used
in the analysis of fish population dynamics have sometimes assumed knife-edge selection at a
single length or age. The purpose of this chapter is to review the analytical solution to the YPR
model assuming knife-edge selection, and to integrate gear-specific size selection into YPR and
SPR discrete time models. The development of a generalized model applied to a hypothetical or
"idealized" roundfish is the prelude to the application of the model to specific marine fish species
using actual selectivity data for harvesting gear, either presently used in the fisheries or proposed

for future use.

Yield per recruit (YPR) models are useful to fishery resource managers for predicting the effects
of alterations in harvesting activity on the yield available from a given year-class or cohort
(Gulland 1983). Two elements that define the model and that are usually regulated by resource
managers are fishing mortality (F) and the pattern of harvesting activity on different sizes of fish.
Often the latter element has been simplified by assuming knife-edge selection (100%
vulnerability at age of first capture), so that Beverton and Holt's (1957) analytical solution to the
yield equation could be applied (Gulland 1969, 1983; Pauly 1984; Ricker 1975; Saila et al. 1988;
Sparre et al. 1989). While this assumption may be appropriate for size selection that follows a
logistic distribution function, as is sometimes observed in a trawl codend, the Beverton-Holt
yield equation does not incorporate recent advances in understanding the size selection processes
of the principal gear types used on groundfish (trawls, traps, gillnets, and longlines).

Analytical Solution

To predict the yield from a given number of recruits in a single cohort of fish, parameters
characterizing the life history of the fish species and affecting the harvest of the stock must be
specified. While the life history parameters affect the potential biomass available from the
cohort, harvest related factors are controlled by fisheries management to ultimately affect the
yield taken from the biomass. The biological or life history parameters affecting the potential
maximum biomass and the timing of the maximization are:

K is the instantaneous growth coefficient,
M is the instantaneous natural mortality coefficient, and
W.. is the maximum weight an individual fish may attain.
The fishery related factors affecting the maximum potential yield are:
£ is the age at which fish enter the fishery (controlled by mesh size in a trawl fishery),

and
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£ 1s the instantaneous fishing mortality coefficient.

If R recruits from a cohort at time ¢ = 0, then the numbers of fish caught (dC,) and the yield in
weight (dY;) from that catch can be defined in short time intervals (¢, ¢ + df) by:

dC, =F *N *dt
and
dy, = F,x N, x W,dt
where N, is the number of fish alive at age ¢,
F is the fishing mortality coefficient, which may vary with age, and
W, is the average weight of an individual fish at age /.
The total catch in numbers (C) from a cohort or yield in weight (¥) results from the integration of

the previous differential equations from the age at which the fish remaining in the cohort enter
the fishery (¢} to some limiting age ¢;:

Making the following assumptions simplifies the problem:

F,=0and 7 <z,

F, = F = constant for ¢t 2 ¢,
Z =M fort<i,

Z =F+Mfort2¢t

N =Re™" fort<t,

where Z, is the total mortality coefficient, and
R is the total number of recruits in the cohort.

Therefore,
N, = R MKl for ¢ > ¢

where R’ is the number of fish recruiting to the fishery at time ¢ =¢,, and therefore,
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R =R |
Thus the total number caught is:
C= J'R’* Fe[—(F+MX’_’;J]dI

= R(F/(F + M))(el““”x" -1, ll)
or

C = R(F/(F + M)l |1 - el +20e)1)
and ignoring the last term if ¢; >> £,

C = R(F/(F + M)t

C=(F/(F+M)X.

Recall that Yield = (Catch)*(Weight), and that the von Bertalanffy growth equation describes
individual fish growth as a function of time:

W, =W, 1},
This equation is expanded to:
3
W, =W, U,
n=l}

where Up=1, U1 =-3, U =3, Us=-1.

Incorporating the simplified catch equation and individual fish growth equation into the
simplified yield equation resuits in:

Y=F*R e['"(""W_i[U,,e{_m)/(Fd-M-i-n*K)] :
nw(}

Yield per recruit is obtained by normalizing the total yield by the number of recruits(R’) in the
cohort,
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Beverton and Holt (1957) noted several important resuits from the yield per recruit analysis. First
is the ratio of the growth parameter (X) to the natural mortality coefficient (M), which estimates
the potential of a fish to complete its potential growth before dying of natural mortality.

[f M/K is small (M/K < 0.5), then growth is high relative to mortality, and the cohort will reach
maximum biomass at a larger size relative to the maximum size, or the stock (in the absence of
fishing) will contain relatively larger fish. From a fishery perspective, management should
maximize the size or age of entry to the fishery (¢.), with only light fishing mortality on smaller
fish.

If M/K is large (M/K 2 2. 0), then natural mortality exceeds growth, indicating many fish will die
before completing their potential growth. Again, from a fishery perspective, management should
allow heavy fishing with a small size (age) at first capture, so as to harvest the maximum
biomass before they die of natural causes.

The yield equation is separated into two parts that characterize the fish stock as a constant and
the fishing as a variable. Two additional terms are defined:

Exploitation Ratio £ = -L , and
(F+ M)
Relative Size at First Capture ¢ =—:L :

The yield equation can then be written as:
Y = Y|R#w )]

where

Y= E(l-c)"“"”’g[(u,,(l—c)" Y1+ (nx &/ MN1-E)].

Beverton and Holt (1957) provide tabulated yield values ( Y’ ) for a series of values of M/X from
0.25 to 5.00 for various values of E and ¢. Tables 1 and 2 illustrate the effect of M/K, ¢, and E on
Y’. Note that for small M/X ratios (0.5), maximum yield is achieved at higher values of c;
whereas if M/K is larger (2.0), then maximum yield is achieved at lower values of ¢.

The Beverton and Holt analytical solution to the yield per recruit (YPR) problem, assuming
knife-edge selection, is applied using Tables 1 and 2 or by direct caiculation on a computer.
With a simple algorithm on a spreadsheet program, a YPR curve is estimated for a particular age
or length of entry into the fishery. (Instructions for creating similar tables can be found on the
“Answers to Exercises” disk in the file “Chapter 6 — Tables 1&2.x1s.”)
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Example 1: Consider the development of a harvesting strategy for a roundfish species where K = 0.2, M = 0.1,

W. =10 kg, and £, = 0. Should the mesh size in the trawl fishery be regulated to allow entry into the fishery at
age 3 or age 5? To what level should fishing mortality be set for these ages s0 a3 to maximize yield (Fy ).

The result of those calculations are illustrated as Figure 1. Ata/ =3, the maxtrnum yield per recruit is [.67 kg at £
=0.19. Incontrast if the £, = 5, the maximum yield per recruit is 2.02 kg atan F=0.31, an increase of 21%.
Interestingly, if ¢, is set to 10 years, maximum YPR is achieved at 2.36 kg with an £ =2.0. Thus, for fish species
where M/K is small (0.5}, substantially greater yields, about 40%, are realized by delaying entry into the fishery.

M = 0.1
w. = 10
K = 0.2
# = 0
L = 3
: = 0
N, = 100000
t, = 20
MK = 0.50
M = 0.1
W, = 10
K = 0.2
Iy = 0
{. = 5
5 = 0
Ny = 100000
: = 20
MK = 0.50

2.5 1

2.0 1

1.5 4

YR

1.0 4

0.5 1

0.0 T L] L T L
.0 0.5 1.0 1.5 20

Fishing Mortality
2.5 1

2.0 1

1.5 4

YR

1.0 1

0.5 -

0.0 T T T 1
0.0 0.5 10 L5 20

Fishing Mortality

Figure 1. Yield per recruit as a function of fishing mortality;
(A)e.=3.0
(B)t.=5.0.
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Discrete Time Model
A discrete time model (DeAlteris and Riedel 1996) was developed to incorporate more complex
size selection patterns than the knife edge selection assumed in the Beverton-Holt model. The

methodology is based on a computer spreadsheet. The time step is set at 0.1 years, over the
range of 0 to 30 years.

The length of the fish (L) at age (¢) is calculated using a simplified (; = 0) von Bertalanffy
growth equation:

L =L (1-e")

i1 "0

where L.. is the maximum length, and
K is the instantaneous growth rate.

The weight of the fish () at age ¢ is determined using a length-weight relationship.

W,= (aL,)’

where a is the L-W conversion factor, and
b is the L-# growth factor.

The percent maturity (P,) of individuals in the cohort at age is expressed using a LCDF:
P ={l+eFere-mY!

where «is the steepness of the curve, and
B is the age at 50% maturity.

The number of individuals (V) remaining in the unfished cohort at age ¢ is determined using an
instantaneous natural decay function incremented at the time step of ¢ years:

Nf = N(r-l)e(_ul)

where M is the instantaneous natural mortality, and
Ny, the initial cohort size, is 1000 individuals.

The biomass (B) of the individuals remaining in the unfished cohort at age ¢ is calcuiated:

B, =N, *W,

and the unfished spawning stock biomass (UFSSB) of the individuals remaining in the cohort at
age ¢ is determined:
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UFSSB, = P*B,

Based on gear selection literature, trawls and hooks are assumed to possess qualitatively similar
size selection characteristics, which can be represented by LCDF of individual fish length (PL,):

PL, = (1 +gmali-La)) )-l

where & = steepness of the curve, and
Lso = length at 50% selection.

Gillnets and traps are assumned to possess qualitatively similar size-selection characteristics
which can be represented by a truncated, scaled NPDF of individual fish length (PN):

PN, = ot Fl2es2 ]

where SD = standard deviation, and
Lops = length of maximum selection.

Applying length-specific susceptibility to fishing (PN or PL;) at a specified level of ﬁshjhg

mortality (£} and including natural mortality (M), the number of individuals remaining in the
fished cohort (NF)) at each time step (¢) is calculated as:

NE, = NE e ek

Thus, the yield of the fished cohort (¥} from each time-step is:

PN PL
= [( © L)(F)((PNL or PL )(F))+ M] *(NF,_,, - NE)*(W)

and the spawning stock biomnass of the fished cohort (SSB,) at each time step is simply:

SSB, = (NF)*(W,)*(F).

Given these equations and specific values of L., X, a, b, &, £, and M, the total biomass and

" spawning stock biomass of the unfished cohort are determined. With the specification of fishing
conditions (F, &, Lso, SD, and L,,) total yield and spawning stock biomass of the fished cohort
are determined. By evaluating a wide range of Lso, L, and F values, the resulting matrix of
data, expressed as a percentage of the maximum value, is contoured to produce isopleth diagrams
of yield per recruit (YPR) and spawning stock biomass per recruit (SPR).
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The effect of the selectivity function’s shape on YPR and SPR is evaluated by specifying a range
of steepness and standard deviations for the LCDF and NPDF while holding other factors

constant.

Example 2: Evaluate the effects of increasing size at entry from 50 to 100 cm in 10 cm increments on the yield
and SSB of an idealized roundfish harvested by both trawls and gill nets. For trawls, the steepuness of the
LCDF curve is 0.33. For gill nets, the standard deviation of the NPDF is 5. The specifications for the
idealized roundfish used in this analysis are: L. =100 ¢em, X=0.2,4=0.00001, 5= 3, a=), f=3,and M=0.2.

Based on these values, the characieristics of the individuals and the cohort of idealized roundfish are shown in
Figures 2 and 3. An individual idealized roundfish reaches an asymptotic maximum length and weight of 100 cm
and 10 kg, Maturation is assumed to occur rapidly, with $0% of the cohort mature at an age of 3 years and a length
of about 45 cm. Based on an initial cohort of 1000, the number of individuals in the unfished cohort is reduced to
about 5% of the initial number by the age of 16 years, aithough the model is extended to an age of 30 years when
only a single fish remains. Biomass of the cohort peaks at an age of 6.3 years and an individual fish length of 75 cm.

The LCDF and NPDF for size selection are shown in Figures 4A and 4B. The L,s for the LCDF ranged from 50 to
100 cm, and a representative steepness of 0.33 is specified. The L,,s ranged from 50 to 100 cm, and a representative
standard deviation of 5 is specified.

The spreadsheet program is now run for a range of fishing mortality values from 0 to 0.5 at 0.1 intervals and 0.5 to
4.0 at 0.5 intervals, calculating YPR and SPR values for both types of selection functions at each of the six L. and
L5 values, The resulting isopleth diagrams for YPR and SPR are shown in Figures 5 and 6 for the LCDF and
NPDF, respectively.

Evaluating the isopleth diagrams for the LCDF, it is clear that maximum YPR will be realized at an Ly of 80 cm and
at fishing mortalities of 3.0 and greater. Operating the fishery in this range will provide a relative SPR of 35% at
= 3.0, decreasing to 25% at F = 4.0.

Evaluating the isopleth diagrams of the NPDF, it is clear again that maximum YPR will be realized at a L, of 30 cm
and at fishing mortalities of 2.0 and greater. Operating the fishery in this range will provide a spawning stock
biomass of 30% at F = 2.0, decreasing to 26% at F = 4.0.

The effect of the shape of the selection curve on the YPR and SPR is evaluated at an Ls, or L,,, of 80 cm and an F
value of 3.0. Steepness values ranging from 0.13 to 2.00 are specified for the LCDF (Figure 7). Increasing the
steepness of the selection curve effects both the YPR and SPR. Lower values for the steepness parameter results in a
100% increase in YPR and 50% reduction of the SPR. Standard deviation values ranging from 2 to 10 are specified
for the NPDF (Figure 8). Increasing the standard deviation of the selection curve results in 50% reduction in SPR
and a 300% increase in YPR.
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Figure 2. Functional characteristics of an unfished cohort of an idealized roundfish;
{A) Length as a function of age,
(B) Weight as a function of age,
(C) Percent Maturity as s function of age, and
(D) Percent Maturity as a function of length.
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Figure 3. Functional characteristics of an unfished cohort of an idealized roundfish;
(A) Numbers 23 a function of age,
(B) Biomass as a function of length,
(C) Biomass as a function of age, and
(D) Spawning Biomass as a function of age.
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Figure 4. Selection characteristics of harvesting gears used on the cobort of idealized roundfish;
(A) Logistic camulative distribution function (LCDF) selectivity curves for Ls,s from 50-100

cm and
(B) Normal probability density function (NPDF) selectivity curves for L,,s from 50-100 cm.
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Figure 5. Isopleth diagrams expressed as a perceatage of maximum for size selection based on a LCDF:
(A) Yield per Recruit (YPR) and
(B) Spawning stock biomass per recruit (SSBPR).
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Figure 7. Effect of the steepness of the LCDF on the cohort of an ideslized roundfish:

(A} Size selectivity carve and
(B) YPR and SPR at Ly, =80 cm and F =3.0.
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Exercises

Northwest Atlantic groundfish species have markedly different growth and mortality rates as
indicated in the following table.

Species K M M/K W. L.
cod 0.12 0.2 i.7 33.7 148
haddock 0.38 0.2 0.5 4.4 74
silver hake 0.18 0.4 2.2 2.0 65
winter flounder 0.37 0.2 0.5 3.5 63
yellowtail flounder 0.63 0.2 0.3 0.9 46
plaice 0.17 0.2 1.2 24 65
summer flounder 0.21 0.2 1.0 7.6 84

Given this variability in M/X ratios and L., there is the need to have different harvesting
strategies in terms of age at entry into the fishery and target fishery mortality levels to maximize
yield. The implementation of these strategies requires differing mesh size regulations for a trawl
fishery so as to control age at entry, or retention by the gear.

1.

Using the Beverton-Holt analytical solution to the yield per recruit problem, compare the
harvesting strategies (age at entry to the fishery, and fishing mortality) to maximize yield for
cod, silver hake and yellowtail flounder. Note that silver hake and cod have a M/ ratio of
about 2.0, while yellowtail flounder has a M/K ratio of less than 0.5, Assuming that the
selection factor for diamond mesh trawl codends are 3.7, 3.5, and 2.6 for cod, silver hake,
and yellowtail flounder, respectively, and that management seeks to match trawl selection
(Lso) to YPRuyx, targets, determine the appropriate mesh size for each species. Recall that

the simplified von Bertalanffy age-length relationship is L, = L_ (I P "]).

Using the discrete YPR and SSB model for summer flounder, compare the yield and
spawning stock biomass curves for gillnets and trawls if gear regulations are set so as to
achieve Lsos and L,y of 35 cm as in the present regulations, and 55 cm as may be a future
target.

Notes

A.

Summer flounder maturity parameters are @= 5 and = 2.37 and length-width relationship
parameters are a = 0.000 and 4 = 3.07.

NPDF SD is 5 and the LCDF steepness 0.33.

Develop the discrete time YPR and SSB per recruit curves at F intervals of 0.1 in the range
0f 0.0 to 0.5, and intervals of 0.5 in the range of 0.5 t0 3.0.

When evaluating the SSB curve, note the 20% of virgin SSB line.
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PRODUCTION MODELS
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Kingston, RI

Introduction

Thus far, the growth and mortality of a single cohort of animals has been considered. Based on
species-specific life history characteristics, a model for a harvesting strategy that includes age at
entry into the fishery and a fishing mortality rate has been derived for a cohort of animals. The
yield per recruit (YPR) analysis is used to set targets or reference points for the harvest of a
fishery resource to maximize yield and prevent growth overfishing. The corollary to the YPR
analysis is the spawning stock biomass or egg per recruit analysis that is used to ensure that a
minimum percentage of the virgin spawning stock biomass or egg production remains in the
stock, so as to prevent recruitment overfishing. While these analyses are useful to set harvesting
targets assuming a healthy stock and consistent recruitment to that stock, clearly the intensity of
fishing must aiso be regulated with respect to the status of the stock, that is the abundance of
animals in the stock relative to maximum number of animals of a particular species that the
ecosystem can support. This concept is fundamental in ecology and refers to the carrying

capacity of the environment,
There are two broad categories of models used to assess that status of fish stocks:

1. Global models, known as production or biomass dynamic models which do not distinguish
between recruitment, growth, and mortality as contributing factors to overall changes in
population abundance but consider only their resultant effect as a single function of the
popuiation size. These models do not rely on age structure, and are particularly useful when
age data is not available or when the catch cannot be aged. These models are simple in their
concept and use, and require a minimum of data.

2. Structural models, known as age-structured models include cohort analysis or virtual
population analysis, which divide the catch into age groups and provide estimates of time
specific biomass and fishing mortality at age. These models require more data and can be
complicated when allowing calibration using independent information on abundance-at-age of
the stock.

This chapter develops the concepts and application of global models, which include the surplus or
stock production models that assume quasi-equilibrium conditions between yield and effort.
These models are the precursors of the true biomass dynamic models that consider time-history
‘trends in biomass indices and catch.

Population Growth and Reguiation

The simplest model of population growth over time assumes birth (b) and death (d) rates are
consistent over all ranges of population density (i.e. these rates are density independent).
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Assuming that the population is closed, spatially homogeneous, and that there is no age structure,
the time history of that population is described by:

dN/ = (b-d)N =N

where r is the intrinsic rate of growth or decay of the population.

[f the birth rate exceeds death rate, then dN/dt is positive (r > 0); if the birth rate equals death rate
then dN/dt is zero (r = 0); and if death rate exceeds the birth rate, then dN/dt is negative (r < 0).
Note that this relationship is a differential equation, but it also fits the linear model y = ax

(Figure 1).

r>0

dN/dt

r<0

Figure 1. The rate of change of population number (dV/dt) as a function of population size
(M forr>0,=0,and <0.

Note also that if the differential equation is rearranged as follows:

(M) = b-a)=r.

The “per capita” rate of change of a population in this density independent model is a constant (7).
This differential equation is solved by the separation of variables method,

[V av = f(o-dar

N, = N *,
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The trajectory of a population with density independent birth and death rates is shown in Figure 2.
If > 0, then population numbers grow exponentially; if 7 < 0, population numbers decay as a
negative exponential to 0, and if » = 0 the population remains in a neutral equilibrium, where any
perturbation will disturb the balance, and the population will grow exponentially or decline toward

extinction.

Ng r=0

r<90

t

Figure 2. Population trajectories for density independent growth where r> 0,=0,and < 9.

In summary, while a model that includes only density independent terms is conceptually simple, it
is incapable of producing a stable population. Therefore, density dependence must be introduced

into the model to regulate population growth.

A reasonable approach for the addition of density dependence in the birth and death rates is to
express tl_lese as linear functions:

b=bo _b|N
d=d,+d N

where b, and 4, are the rates at V=0, and
b, and d, are the population dependent coefficients.

These functional relationships are shown in Figure 3, and are incorporated into the basic
population growth equation as follows:

aN/. =6, -bBN)—(d, N )V

Or rearranging:
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d%t = [(bo _do)"(bl +d|)N]N-

Figure 3. Birth (b) and death (d) rates incorporating density depeadence.

Replacing the initial birth and death rate difference with & and the density dependent birth and
death rate coefficients with Sresults in the following:

AN/ =(a~ ANIN =aN - AV?.
Note that this equation has the form of a parabolic function (Figure 4). Additionally,
aN=0, D/ =0

at Nax, df%r =0

= bo —do
Max= S= "N )

and the population size (V) that achieves the maximum rate of population change is determined by
teking the derivative of the function and setting it equal to zero:

‘de[(a’*ﬁV)N]=0
a-28N=0
N= ‘/z(%) or Yz carrying capacity.
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f dN/dr Max i N=# (Wﬂ )

dN/dt

N=0 N*= o/
N B

Figure 4. Parabolic model relating density dependent rate of population change to
population size.

The differential equation relating dN/. to Nis solved using the separation of variables method:
dt

1 - mo o = o

[a/p
M= )ﬁ(a AVY BN, +1]

substituting Nyx = (a’ ﬁ)
0
ields: =
yields N, 1+ e ]

Note that this equation has the form of a generalized logistic function (Figure 5).
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carrying capacity = &
N*=of

<— max growth rate = Y2(a/f)

!

Figure 8. Logistic model describing population aumber as a function of time.

Anthropogenic mortality or harvesting is added to the model of population regulation as follows: |
dN/dt =(a—ﬂV)N—aN

where a is a coefficient or rate of anthropogenic removal that can be equated to a fishing
mortality rate.

Surpilus Production Model

Russell (1935) advanced the mass-balance concept, arguing that fish stocks fluctuate in
abundance according to imbalance between additions and losses to the stock and this balance can

be summarized as follows:

New Biomass = Old Biomass + Recruitment + Growth - Catch - Natural mortality.

If the sum of the recruitment and growth is larger than the sum of catch and natural mortality, a
stock increases in abundance; if the losses exceed the additions, the stock declines. Grouping
terms relating to natural processes (recruitment, growth, and natural mortality) and referring to
them collectively as Surplus Production yields:

New Biomass = Old Biomass + Surplus Production - Catch.
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For a stock to remain at a given level of biomass (New Biomass = Old Biomass), the fishery
removal (catch) should not be larger than the surplus production of the stock. To rebuild a stock,
catch must be lower than the surplus production,

These types of models are attractive in stock assessment in that not only do they have biological
soundness but also require minimal amounts of data. The basic set of data required for surplus
production models is a time series of catch and fishing effort.

Schaefer Model

The surplus production model is derived from the density dependent population growth model by
replacing population number (V) with biomass (B},

B/ =(a-[B)B-FB.

At equilibrium 4B/, =0, therefore:

o~ pB 8" =
(@-pB")=F"
B'=(“Fﬁ

where B® represents equilibrium levels of biomass at specific equilibrium levels
of fishing mortality (F*)

Recalling that catch or anthropogenic removal is the product of biomass and fishing mortality then
equilibrium yield values are defined as:

Y'=F'B".

Substituting for equilibrium biomass and expanding results in the basic surplus production model:
rr(=E - Opr
B B B8

Substituting: a for (a ﬂ)

b for ( ﬂ] , and
S for F assuming catchability is constant (based on F = fg)

results in the generalized Schaefer Model (1954):
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Y=(a-bf)f =af -bf*.
This model has the parabolic or dome shaped form that relates yield (¥) to fishing effort (/)

(Figure 6). The levet of effort required to achieve Maximum Equilibrium Yield (MEY) is
determined by taking the derivative of the function and setting it equal to zero:

9 lar -tr7]=0

a-2bf =0
Srer =%b'

g/fmr

Effort
Figure 6. Schaefer model relating yield to effort.

MEY is then determined by substituting f,,, back into the original equation:

Yigr = a(%b)" b(%b)z
= a%b - ba%bz
Yiar = 241!24!36“!’2 _az%bz = 0%2 = a%b_
Notice that the MEY occurs at the point of maximum growth (one-half carrying capacity).

The parameters a and b of the Schaefer model are initially estimated by linearizing the function:
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Ye=a-tf,

and using linear regression on CPUE Y/ | versus effort {f). Non-linear, best-fit estimation of
¢ f

the parameters is accomplished using Solver in Microsoft Excel, with parameter starting values
from the linearized estimation

Fox Model

An altemative model to fitting the relationship between catch and effort was introduced by Fox in
1970 which assumes that a stock weuld respond to intense fishing by maximizing productivity
thus the yield would never reach zero. This model also assumes: that CPUE would decline as.

effort increases and provides. an estimate of the MEY usually close to the Schaefer model. The
Fox model has the form

Y=ﬁ:(""”.

This model is linearized to:

o(7f)re-s

MEY for the Fox model is estimated by again taking the derivative of the function, setting it equal
to zero to solve for fat MEY, and finally, substituting that back inta the original equation:

S

Y =,Vd |
Yigy = (}é) e,

Example 1: Consideer the following time series of casch and effost for a trawl fishery. Determine the MEY for this
fishesy by fitting the Schaefer and Fox model. Recommend a level of effort to achieve MEY.
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Year Catch Effort

1988 50 623
1989 49 628
1990 475 520
1991 45 513
1992 51 661
1993 56 919
1994 66 1158
1995 58 1670
1996 52 1317

1. The time history of the catch and cffort data is shown in Figure 7.

Catchj

Effort

L} L] T L] LI L) L]

1988 1989 1990 1991 1992 1993 1994 1995 1996

Figure 7. Time history of catch and effort.

2. To fit the linearized Schaefer model, calculate CPUE as ratios of catch/effort (Table 1), then use linear
regression of CPUE versus effort (Figure 8).
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Table 1. Trawl catch and effort data with CPUE.

Year Catch Effort CPUE

1988 50 623 0.080257
1989 49 628 0.078025
1990 415 520 0.091346
1991 45 513 0.087719
1992 51 661 0.077156
1993 56 919 0.060936
1994 66 1158 0.056995
1995 58 1970 0.029442
1996 52 1317 0.039484

0.12 -

0.10 4

0.08 1

y=4E-05x + 0.1064

0 500 1000 1500 2000 2500
Effort

Figure 8. Linearization of the Schaefer model and the best fit regression.

Using the g and 5 coefficients from the linear regression as starting values, use Solver to fit the non-lincar
model (Figure 9). (Note the Sum of the Squared Residuals (SSR).)

Using the best fit cocfficients, estimate MEY and the recommended level of effort to achieve MEY.

To fit the linearized Fox model, determine the In(CPUE) (Table 2), and then iinearly regress {CPUE) versus
effort (Figure 10).
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Table 2, Trawl catch and effort data with the In(CPUE).

Year Catch Effort In{CPUE)
1988 50 623 .2,52252
1989 49 628 -2.55072
1990 475 520 ’ -2.39310
1991 45 513 -2.43361
1992 51 661 -2.56193
1993 56 919 -2.79793
1994 66 1158 -2.86479
1995 58 1970 -3.52535
1996 52 1317 -3.23187
70 -
m -
* L
50 4 z ¢
40 -
i
2
]
30 4
20 -
10 4
0 L L) L) L ]
0 500 1000 1500 2000 2500
Effort

Figure 9. Non-linear Schaefer model best fit to the catch and effort data.

6. Using the c and d cocflicients from the linear regression as starting values, use Solver to fit the non-linear
model (Figure 11). {(Note the Sum of Squared Residuals (SSR).)

7. Using the best fit coefficients, estimate the MEY and recommend level of effort to achieve MEY.
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Effort
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y =-0.0008x - 2.0398
R =09662

Figure 10. Linezrization of the Fox model and the best fit regression.

2500

Effort

Figure 11. Nog-linear Fox model best fit to the catch and effort data.

2500
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Exercises

Given the following catch and effort data for the trawl fishery on this pelagic fish species for the
period 1976 to 1993,

Catch Effort
Year (10°kg) (10,000 days)
1976 104 0.13
1977 282 0.28
1978 348 0.39
1979 507 0.51
1980 548 0.72
1981 602 0.98
1982 584 1.12
1983 542 0.96
1984 521 1.03
1985 487 1.09
1986 472 1.15
1987 416 122
1988 298 132
1989 150 1.50
1990 72 1.52
1991 81 1.53
1992 60 1.56
1993 82 1.58
1994 75 1.60
1995 71 1.62

A. Plot the trajectories of catch and effort. Describe the time history of the fishery.

B. Estimate the parameters of Schaefer and Fox Surplus Production models for the data using
linear regression.

C. Use Solver to improve the parameter estimates for the Schaefer and Fox models.

D. Estimate Yyey and fisey for both models, compare graphic and empirical estimates.
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STOCK AND RECRUITMENT

Joseph T. DeAlteris
University of Rhode Isiand
Kingston, RI

Introduction

Recruitment processes include those factors that affect the growth and survival of fish between
the egg and the age that fish enter either the spawning stock biomass portion of the population or
become vulnerable to harvesting. Consider a basic two-stage life history model for fish:

£+ M~
RECRUITS < ADULTS.
RECRUITMENT

Recruits, having entered the fishery, are subject to the fishing (F) and natural mortality (M), and
once mature contribute to egg production before being harvested or dying of natural causes.

Eggs must hatch, releasing larvae that metamorphose into juvenile fish which must survive to the
recruit stage. The development and survival of the egg, larval, and juvenile life stages are
affected by predation, genetic fitness, nutrition, and environmental factors.

The purpose of investigating stock-recruitment (S-R) relationships for fishery resources is to be
able to predict the number of recruits to the fishery at a future date based on estimates of the
present spawning stock abundance. In reality, stock-recruitment relationships are used by
resource managers as a rationale for regulating fishing mortality so as to avoid low stock sizes
that may lead to recruitment failure and stock collapses.

Biological Processes

Density independent mortality in the stock-recruitment relationship implies that the probability
of eggs surviving to the recruit stage is independent of the spawning stock size or number of
eggs produced. Biologically, this is a simple and reasonable assumption, but within limits. No
population can reproduce with the same average probability of success as stock size increases
indefinitely. Eventually, every population becomes limited by resources available.
Compensation is the reduction in recruits-per-spawner as spawning stock size increases. The
result is that the S-R curve rises less steeply at higher stock sizes, asymptotes, and can eventually
fail off at the highest stock levels. Density dependent factors include maturation and fecundity,
growth, predation, and cannibalism. Depensation is an increase in recruits-per-spawner as
spawning stock increases. '

Measurement of Spawning Stock and Recruitment

Spawning stock is measured by the following:

1. Number of females alive at each age times fecundity at age,
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2. Number of individuals alive at each age times fecundity at age,
3. Total biomass of individuals at or above the age of first reproduction, and
4. Index and abundance of the population in the year eggs are deposited.

Recruitment is measured by the following:

1. Recruits to the fishery determined by Virtual Population Analysis (VPA) from catch-at-

age data and
2. Juvenile / pre-recruit surveys.

Basic Principles of the S-R Relationship

Ricker (1975) proposed some basic tenets for the S-R relationship:

1. The curve must start at the origin, that is at S(0), R(0).
2. At no point after S(0) will there be a R(0) (i.e. at high densities recruitment will not go to

Zero).

3. The rate of recruitment (R/S) should decrease continuously with increasing stock size;
that is the highest rate of recruitment should be at the lowest stock level.

4. Recruitment must exceed parental stock size over some part of the range of § (when R
and § are in the same units), otherwise stock collapse would result from any perturbation

to the systemn.

Beverton-Holt Model

The Beverton-Holt S-R relationship (1957) is based on the assumption that juvenile competition
resuits in a mortality rate that is linearly dependent upon the number of fish alive in the cohort at

any time.
N/ =—{g+pN)N

where ¥ is the number alive in the cohort at time ¢,
¢ is-a density-independent mortality rate, and
PN is a mortality rate component that is proportional to the density of the cohort at time ¢,

The Beverton-Holt S-R relationship is asymptotic. If R and S are in the same units and R = § at

replacement (S,), then:
R;,S/[I—A[I—% H

where A is the shape of the curve and has values of 0 — 1 (Figure 1).

If R and § are in different units, then:
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R=f{@ )= Yis s

where f=1-4 and
a=A/S,.

Notethatas S » = R= 1/

1.4 -
1.2 4 ‘s 4=02

A=0.5
1.0 - A=0.98
0.8

R

0.6 -

04

0.2 4

0.0 T Y T T

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
S
Figure 1. The Beverton-Holt S-R relationship with changing values of A.

Ricker Model

The Ricker S-R relationship (1954, 1975) is based on the assumption that the mortality rate of
eggs and juveniles is proportional to the initial cohort size. In other words, mortality is spawning
stock dependent rather than cohort size dependent as in the Beverton-Holt model.

N/ =g+ pSIN

where N is the cohort size at any time prior to recruitment,
S is the initial spawning stock size,
q is the density independent mortality rate, and
(g + pS) is the mortality rate for the cohort.

The Ricker model

R =0fe®
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where « is the recruits per spawners (R/S, the slope) at low stock sizes, and
s the shape of the curve

results in recruitment declining at high stock levels (Figure 2).

When spawning stock and recruits are measured in the same units, the
replacement level (R = §) and S, = Inad 5.

2400 - A: a¢=2.718, £=0.001
B: @=7.389, 4=0.002
C: a=14.556, 8=0.002678

2000 4

1600 4

R 12060 4

800 -

400 4

0 200 400 600 800 1000 1200 1400 1600

S
Figure 2. The Ricker 5-R relationship at various g and b values,

Shephard Model

The Shepherd S-R relationship (1982) is a more versatile form of the S-R (Figure 3). It can
accommodate both the Beverton-Holt and Ricker S-R relationships:

R= &5
/fl + (%y]
where s the slope at the origin,

B describes the shape of the curve and provides for the degree of compensation, and
K is the threshold stock biomass above which density dependent effects overcome
density independent effects.

The degree of compensation (4} measures the power of the density dependent effects to
compensate for changes of stock size. If # < 1, recruitment continues to increase when biomass
increases, indefinitely. If # = 1, then at large stock sizes density dependent effects compensate
exactly for increases in biomass, leading to asymptotically constant recruitment. If § > 1, the
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density dependent processes are so strong that they over-compensate for changes in biomass,
leading to decreased recruitment at higher stock sizes. The threshold biomass (K) is the biomass
at which recruitment is reduced to half the level it would have had under density-independent

process alone.

0.10 A
0.09 -
0.08 1
0.07 -
0.06 4
R 0.05 -
0.04 -
0.03 4
0.02 4
0.01 1

0-00 L] T ¥ L) L} 1 ¥ L
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3s

Ay

A @=023,K=041, f=1.0
B: 2=023, K= 049, f=1.2
C: @=0.23, k=056, f= 1.4

Figure 3. The Shepard S-R relationship at various @; X, and 5 values.

Estimation of S-R Parameters

The general form of Beverton-Holt model can be rearranged as follows:

" Nty Va8

%:ﬂﬂﬁ.

In the rearranged form, the Beverton-Holt S-R relationship conforms to the basic linear model:

yv=ax+h

where y = S/R
a=slope=qa
x=5
b = intercept = .

VII-5



The aand f parameters are estimated by regressing /R against S. These values are then used to
plot a predicted Beverton-Holt S-R curve, or can be used as starting values for non-linear

regression methods.

Example 1: Given the following stock recruitment data, solve for e and B using both the linear and non-linear
methods of the Beverton-Holt model.

Year Stock Recruitment S/R
1 8.8 7.1 1.239
2 7.4 6.4 1.156
3 4.5 64 0.703
4 13.2 7.0 1.886
5 14.6 7.7 1.896
6 7.0 7.0 1.000
7 3.1 5.4 0.574
8 7.7 6.1 1.262
9 10.7 6.8 1.574
10 8.6 6.0 1.433
1 15.4 6.2 2.484
12 2.0 35 0.571

The data are fit to a linear model using a regression of S/R versus S {Figure 4). The values of rand Sare obtained
directly from the slope and y-intercept values where &= g and B=b. Therefore, #=0.1319 and 8= 0.1824. Non-
linear regression is performed using Solver in Microsoff Excel and the linear regression parameter values as starting
values. The new parameter values are = 0.1262 and S=0.2167. The Beverton-Holt model is graphed onto the
original data using the non-linear regression parameter values (Figure 5).

3.0

254 L 4
y=0.1319x+0.1824
204

x 4
a 1.5 ‘
1.0 4

0.5 4

0.0 L) T L) L
0 5 10 15 20

Stock
Figure 4. Application of 5-R data in the linearized Beverton-Holt §-R relationship.
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Recruitment

0.0 T T T 1
0 5 10 15 20
Stock

Figure 5. Application of S-R data in the Beveton-Holt S-R relationship.

The general form of the Ricker model is rearranged as follows:

R=qaSe %

oo

ln(%)= lnex - A5.

In the rearranged form, the Ricker S-R relationship conforms to the basic linear model:
y=ax+b

where y = In(R/S)
a=slope=8
x=8
b = intercept = Ina.

The arand [ parameters are estimated by regressing In(R/S) against S. After taking the anti-In of
Ing; these values are then used to plot a predicted Ricker S-R curve, or can be used as starting
values for non-linear regression methods.

Example 2: Utilizing the same data as in Example 1, use the Ricker model to solve for @and £ performing both
linear and non-linear regression.

The data are fit to a linear model using a regression of In(R/S) versus S (Figure §). The value of &is equal to the

inverse In of the y-intercept, therefore @= ¢”™*"=2.1016. The value of is equal to the negative slope, therefore, 8
=10.1071. Non-linear regression is performed using Solver in Exce! and the linear regression parameter values as
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starting values. The new parameter values are & = 1.9704 and #=0.1015. The Ricker model is graphed onto the
original data using the non-linear regression parameter vaiues {Figure 7).

y =-0.1071x +0.7427

0.5

20

-1.0 +

Stock

0-0 L) L) L) L]
0 5 10 15 20
Stock

Figure 7. Application of 5-R data in the Ricker S-R relationship.
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The general form of the Shepherd model is:

R=7[l+(%<)ﬁJ .

Shepherd suggest values for 3 of slightly less than 1 for pelagic fish, about | for flatfish, and
greater than 1 for those species which cannibalism is believed to be significant. The value of ¢ is
estimated by drawing a straight-line through the origin and determining the slope of that line.
The parameter X is estimated by choosing “typical” current values of stock and recruitment
through which the curve should pass, then estimating values of K from the following:

_s*
: /[(aS*/R*)—M '

Spawning Stock-Per-Recruit and Steady State

The reciprocal of recruits per unit spawning stock is spawning stock per recruit (SSBPR). Recall
that this is the corollary output of the yield per recruit model when considering the effects of
exploitation. The SSBPR is a measure of survival in the population at various levels of
exploitation (). The intersection of these straight-line functions representing various levels of
fishing mortality with the S-R curve represent equilibrium points (Figure 8).

14 INCREASING F
«—

1.2 1

s

Figure 8. Intersection of SSBPR functions at various fishing mortality levels (F), with a
Beverton-Holt S-R relationship,
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At the highest level of fishing mortality, there is no intersection with the S-R curve, leading to
stock collapses.

Exploited Population Trajectories

The two-stage life history trajectory for an exploited population can be described on a S-R /
SSBPR plot (Figure 9) where the relationship between the recruit stage and spawning stock stage
is described by the straight line with a slope dependent of the level of F, and the S-R curve. Ata
fixed exploitation rate the stock will return to that intersection point.

1.6 ~ F

1.4 -
1.2 4
1.0 -
R 0.8 -
0.6 -
0.4 -
0.2 1

0.0 T T T 1
0 1 2 3 4 5

S

Figure 9. Two-stage life history trajectory based on the intersection of 5-R and SSBPR
relationships. :

Environmental Effects on the S-R Relationship with Expleitation

Environmental factors can modify the S-R relationship markedly reducing the level of
recruitment available for any stock level. However, if the effects of exploitation are
superimposed on the S-R relationship, the disastrous effects of negative environmental factors
and high fishing mortality are evident with the lack of stable equilibrium points (Figure 10). Note
that at high levels of fishing mortality and low stock levels, there is no intersection between the
unfavorable environment S-R curve, and the high fishing mortality curve, leading to stock

collapse.
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Figure 10. Effect of environmental suitability on the S-R and SSBPR relationships.
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Exercises

1. Given the following stock-recruitment data, for each species:
(a) Plot the time history of spawning stock size and recruitment.
(b) Estimate the parameters of a Beverton-Holt stock-recruitment model using both the linear
and non-linear regression methods.
(c) Estimate the parameters of a Ricker stock-recruitment model using both the linear and
non-linear regression methods.
(d) Describe and interpret the models for each species over their time history.

Shad Salmon Yellowtail Flounder Blue Crab

Year 5 R S R year 5 R S R
1921 150 449 1956 1.6 2.8
1922 40 228 1957 0.5 4.8
1923 70 199 1958 0.2 0.3
1924 106 81 1959 0 4
1925 162 161 1960 0.3 0.5
1926 253 146 1961 0.1 0
1927 87 162 1962 0.2 |
1928 109 263 1563 0.5 04
1929 90 159 1964 0.2 8.6
1930 109 117 1965 04 37
1931 87 258 1966 0.8 i
1932 74 254 1967 1.6 0.5
1933 97 219 1968 3 15.2
1934 145 126 1969 1.5 1.5
1935 a8 125 1970 4.7 17.8
1936 137 135 1971 3 7.1
1937 126 133 1972 2.1 7.5
1938 123 159 1973 0.1 4
1939 71 183 1974 0.1 0.7
1940 212 193 83 86 1975 0 0.7
1941 - 284 188 93 57 1976 255 50.3 0.1 5.7
1942 237 156 63 69 1977 18.0 511 0.2 6.3
1943 229 135 92 150 1978 11.9 20.1 0.2 64
1944 200 113 77 114 1979 135 14.1 0.4 0.7
1945 123 83 66 126 1980 9.2 50.5 04 123
1946 101 103 44 82 1681 6.7 26.8 0.6 93
1947 75 129 43 77 1982 11.6 2318 0.6 5
1948 86 114 75 81 1983 12.9 56.2 0.4 10.5
1949 75 97 1984 12.4 204 0.3 45
1950 65 30 1985 16.4 74 0.2 8.7
1951 89 85 1986 11.4 9.4 0.6 8.5
1952 120 128 1987 33 173 0.4 12.7
1953 74 163 1988 2.7 6.3 38 17.1
1954 77 166 1989 18 6.2 4.5 243
1955 59 169 1990 2.6 17.2 7.1 11.3
1956 138 157 1991 2.2 6.6 4 16.8




1957 151 123
1958 149 119
1959 154 133
1960 149 129
1962 84 105
1963 101 112
1964 130 138
1965 121 144
1966 133 109
1967 110 111
1968 115 128
1969 160 168
1870 160 227
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1992 5.1 6.2 1.5 16.2
1993 43 16.8 1.2 19.4
1994 35 4.9 0.5 12.5
1995 37 32
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APPENDIX 1

INSTRUCTIONS FOR YIELD PER RECRUIT TABLES
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CHAPTER VI - YPR AND SSBPR Tables

To obtain Tables 1 and 2, use the spreadsheet program in the MK worksheet.

Simply change M/K (cell C4) to the desired value.

For example, to calculate Table 1, set cell C4 to 0.5 and to calculate Table 2,
set cell C4 to 2.
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CHAPTER !l - MATHEMATICS AND BIOSTATISTICS REVIEW Examgle 3

Consider a sample of 20 measures of fork length for fish taken from a Rl salt pond.

Fork lengths {cm})

15.5
16.3
18.3
17.3
15.8
149
16.7
17.3
168.2
17.8
18.2
18.3
17.9
16.5
20.4
17.8
19.7
18.4
186
17.4

Go to Tools, Data Analysis, Descriptive Statistics, select the input and output ranges

The mean, standard deviation, and confidence level can be determined directly in Excel.
and check the boxes for Summary Stat!stics and Confldence Level for Mean.

Cofumnit

Mean 17.515
Standard Error 0.318241467
Median 17.6
Mods 17.3
Standard Deviation 1.423219109
Sample Variance 2.025552632
Kurtosis -0.309554994
Skewness 0.126320369
Range 55
Minimum 14.9
Maximum 20.4
Sum 350.3
Count 20
Confidence Level(95.0%) 0.666087253
The coefficient of variance (C.V.) can be calculated by using the equaticn
cv= %‘therefore C.V.=14/17.5=0.08.




CHAPTER If - MATHEMATICS AND BIOSTATISTICS REVIEW Example 3

If the data are grouped into integer categories (e.g. any value from 17.0 to 17.9 is
assigned to integer catagory 17), then seven groups emerge.

Group # of Observations
14
15
16
17
18
19
20

=N O AN~

These data can be plotted as a length-frequency histogram and the modse of the
distribution is avident at 17 cm.

8 5 :
5-.
4 4
-
(4]
=
g 3
&
e
[T
24 ;
) I ' ;
0 L) L) L) T T T i
14 15 18 17 18 19 20 '

Length (cm)




CHAPTER I! - MATHEMATICS AND BIOSTATICS REVIEW Exampie 5

Consider the estimatlon of a weight-length relatlonship for a glven speclas of fish,
The general modael |8 as follows:

W =afl®

whers W = the weight In grams
L = length in cantimaters
a2 = a unit conversion coafflclent
b = the volumetric expansion coefficlent

The function is iinearized by taking the natural logarithim of bot!t sides of the equation
bH =mia)+bsin{L)
which is analogous to the linear modal: y=a +bx

Glven the following data, estimate the parametsrs a and b for this fish specles.

W L {cm In{L
§710 100 9.18 4.81
8020 85 B.TO 444
3810 72 8.18 4.28
620 85 T.87 417
1150 50 7.08 39
&80 42 852 374
380 35 5.69 3156
I-r 10 - y =3.1273x - 5.1549 i [There are 2 mathods to calculate the slope anc y-intercept:
5 R? = 0,9998 ;
! i }1) Go to Tools, Data Analysis, Regression, select the mput
Eh ‘ and output rangea, then dick OK. The two numbers that are
i 44 I important are the X varisble 1 which is the siope and intercept
‘ i hwhich is the . -ntercept.
r, l[
0 Y v v — (2) Select the data saries on the graph, right click, and
! 1 2 3 4 5| [choose Add Trendiine. Choose “finear” for the Type. In the
: | |Options tab, click "dispiay squation on chart".
4] .
5 - |
InL |

From Tools, Data Anatysis, Regression:

SUMMARY OUTPUT

Regression Slansics
Multiple R 0.9998102
{R Square 0.99962044
Adjusted R Square  0.99954452
Standarg Emmor 0.02548751

QObservations 7
ANOVA
[ df 58 NS _ E . Signiicance gn F
Regression 1 B.534273328 8.534279 13168.04 9.53121E-10
[Resicual 5 0003240526 0.000848
Total 6 8537513852
Coefficierits _Standard Emor . (Gl Pvalus  Lower 95%  Upper 5%  Lowor 95.0%  Ubper 05.0%
intercept -5.19492453 0.112166392 48.31488 DB.0BE-08 -5.483254381 4.006504008 5483254381 -4 906504668
X Variable 1 3.12732012  0.027252848 1147521 9.53E-10 1057264568 3197375873 2.057284568 3.197375873

A2-4



CHAPTER Il - MATHEMATICS AND BIOSTATICS REVIEW

The y-intercepl = Ina . thersfore a = e © = 0.005545
The siope = b, therefore b = 3.1273

Tha final value of the parametars in the model are: B = 0 0055457 17

[To creals the non-linear curve, creats a data

seres of lengtha and solve for weight using the

“Iengm-weight aguation atove and the parameter

values obtaineg.

a 0.005545
h 31273
Length Weight

i Q
1 0.005545
2 0.048452106
3 0.172187988
4 0.423373588
5 0.850727448
6 1.504575397
7 2.436557423
8 3.699430449
9 5.346925712
10 7.4336840438
" 10.01495252
12 13.14695151
13 16.88638148
14 21.29059293
15 26.41750178
18 3232555367
17 39.07369321
18 48.72133629
19 553283458
20 64.95501029

Waight

40 4
30 A
20 -
10 4

Example 8




CHAPTER Il - GROWTH Exampie 1

Glvan the following set of age and length data whers langth represents the mean of a large
numbar of flsh measured at sach age, calculats the animal growth incrament or rate, and the
maan langth-at age.

A(?;’ Length (cm) (£,
1 25
2 38
3 42
4 47
5 51
8 53
7 54
Age Growth Increment Mean Langth (cm)
ty SOOI el (L -LoR
1 25 1" 30.5
2 k! 8 39.0
3 42 5 44.5
4 47 4 480
5 51 2 52.0
<] 53 1 53.5
7 54
i 25
| 20 4 ¥y =-0.3971x + 22 805
5
_ § 15
£
¢ 54 i
! Q v T T r r T r v T v
0 10 20 30 40 50 60 |

Mean Langth

From Tools, Data Analysis, Regression:

[SUMMARY GUTPUT
Regression Statistics _
Multiple R 0.680057873
R Square 0.562278348
lAdjusted R Square 0.952847938
Standard Error 0.788765984
Observations -]
[ANOVA _ _
i 58 MS £ Sigrificence F
Regrassion T 6048315818 B0 463156818 102.0306038 0.000540452
Residus 4 2370177158 0.502544289
Total 5  82.83331333
Cosficients  Stancard Eror =T P-valvw ___ Lower 05% _ Upper 55%  Lowsr 95.0%  Lioper 04 0% |
Tntercept 22.00403425  1.787153438 12.8485894 0.000Z74958 17.64290056 27.56687793 17.64200088 27 5666779
X Variable 1 0.397130747 _ 0.038314118 1010147977 5.000540452 -0.506284457 -0.287977038 0508284457 -0.287977




CHAPTYER (il - GROWTH

Salving for tg

tse the reamanged von Beralanfty equation to soive for ¢

r's
Fort=1andl, =25 r,j=1+%4hL%]=_o_45‘
's
Fort=2andL, =36 :.,:24-}/04111[56;—‘36}-0.53,
mean = -0.485
-] 0.40
K {= -a} 0.40
- 22 61
L_(=b/K) 56,51
ty -0.495

MNon-linear Mathod

Nondinear regression can be calculated yging the velugs obtamed from tha linear
regression as inital parameter values, ang then using Sotver to adjust thosa values 1o
provide tha best fitting values.

The equation to calculate L e i8 the von Bertalanfly growth equation:

L =L_{1-e )

Bafors Soiver Aftar Soiver
Age Lo [ [ — L ot (-
1 25 25.43 0.19 25.13 002
2 38 315.68 010 547 c.28
3 42 42 558 0.30 42 51 0268
4 47 47.15 ¢.02 47.30 0.09
5 51 50.24 058 50.55 0.20
8 53 52.30 0.48 52.77 0.08
7 54 53169 010 54 27 Q.07
178 0.87
[ Ao Sohver |
8 0.4 0.4
b 22.81 22.81
K 0.4000 0.3853
L. 56.51 5747510802
te 0,485 -G 491981587
70 1 o
60 p
. 50 4
40 4
L
\ 30 4
|
) |
) 10
10 o] 10 20 0 40 50 60 :

Exampia 1



CHAPTER IIt - GROWTH

ﬁo piot the von Bertalanfly curve. create a senes of ¢ L,
ages (t) and sofve for L, using tha von Bertalanffy [~ 5451951597 i}

&quation and the parameter values obtained from 0 9.928005937

Sohver. 1 25.1318282

2 3547468481

a 0.4 3 42.31016582

b 22.61 4 47.20579077

K 0.3853 5 50.55103433

L. 57.47519802 8 §2.78529285

to -0.491991597 7 5427145996

8 56.2969742

g 55.99286198

10 58.48880397

" 56.789336884

12 57.00866629

13 57 15785714

14 5725533867

15 57.32836771

18 57.37532218

17 57.40726117

18 57 4285885

19 57.443784235

20 57.45381843

2 5746085390

2 57 48530458

23 57.46845885

24 57 47062081

b3 57 47208441

28 57.4730801

27 §7.47375738

28 57.47421308

23 57 47453145

30 57 47474481

k]| 57 4745898

) 57.47458823

33 57 47508532

k) 57475100958

35 57.47513198

38 57.4751531

ki ST AT516747

38 57.47517724

38 57.47518388

40 57 4751584

41 57.47519148

42 5T.4T7519357

43 57.47519499

44 57.47519508

45 57.47510682

48 S5TAT518706

47 57.47519737

48 57 47519757

49 57.47519772

50 5747519781

Al-8

Exampla 1



CHAPTER Il - GROWTH Exampla 1

Microsoft Excel 8.0a Answer Report
Worksheet: [Example 2.xIs])Example 1
Report Created: 3/27/00 2:28:05 PM

Target Cell {Min)
Cell Name Original Value Final Value

$F$85 (L ovsrl prod)’ 1,78 0.97

Adjustable Cells

Cell Name QOriginal Value Final Value
$D%$90 K After Solver ~0.4000 0.3853
$0%81 L After Solver 56.51 57.47510802
$D$92 ¢, After Solver -0.495 -0.491891587

Constraints
NONE



CHAPTER ill - GROWTH

Example 2

Example 2: Glven the following set of age and length data where langth represents the mean of a large
number of fish measured at eaach ags, use the Ford-Walford plot method to eatimate X and L ..

Ags Ly Lias
1 25 36
2 38 42
3 42 47
4 47 51
5 51 33
§ 53 54
7 54
’ 80 - o Fhera ars 2 methods to calculate the slopa and y -intercept:
' 55 4 (1) Go to Toots, Data Analysis, Regression, salect the ingut and
output ranges, then click OK. The two numbers that are important
50 5 fare the X variable 1 which is the slops and intercept which is the y -
y = 0.6669x + 18.938 intarcept,
Lo 2] R? = 0,9633
: 40 - (2) Seisct tha data series on the graph, nght click, and chooue
i Add Trendline. Choose "inear” for the Typa. in the Optiona tab,
‘ 35 4 click "display squation on charL”
391 To plot the 45" e, simple craate a data senes with 2 pairs o1
25 points that have equal x and y values.
! 20 : ' T ' 45° Line
| 20 aQ 40 50 60 0 7]
"L Ly 80 80
From Tools, Dats Analysis, Regression:
SUMMARY OUTPUT
Regrasion Statistics
[Morpe R 0.99665587
R Squam 0.99332262
Adfusted R Square  0.99185385
Standard Ermor 0.8418907%
Obasrvations -]
ANOVA
[ af 5SS Mo F SJmﬁcanco z
Regression 1 2451852078 2451852078 595.08432 1.87561E-06
Residusl 4 1.048125758 0.412031439
Tatal 5 248.8333303
icens_ Standard Emoy T Siat Pvalve __ Lowsr 6%  Upper 95% _ Lower850% _ Upper95.C% |
Intarcept 18.9359129 1.1868584037 1595834121 G.014E-05 1584142087 222304052 1584142087 22 .2304052]
X Variable 1 0.6608682 0.027337453  24.38394021 16768E-05 (.580087103 0.74276029 0.5908987 103 0. 7427692044
5] - 8 fegresson sqQuabon a ne o solve for K, usa the squation:
equation equal 1o sach other;
K = dn(a)
[Regression Line 45" Lina
¥ = 18.54 + 0.687x y=x M = <n(0.B8T)
M = 0.405
x = 10.54 + (.567x
{0.333x = 18.94
x = 18.94/0.333
x = 58.88
2 0.667 |
[ 18.54
* 0.408
[ 58 .88

AZ -




CHAPTER ill - GROWTH Example 2

Saoiving for t,

t!sa tha reamanged von Bertalanf®y squation to solve for !,

(56.88-36

Fort=1andt =25 ¢ =2+ 0.4"’( T ]:4}_51,

=25
Fort=2andi, =38 ¢ = 1+}/04h(%}=—0‘45.

‘mean = 0478

Non-inear Method

'Non—linur regression can be caiculated using the vaiues obtained from the finear
regresson ss initial parameter vaiues, and then using Solver 1o adjust thoss
values to provide the best fitting values.

The squation to calculats L ,aue. i8 the von Bertalanfly growth equation:

=L [t-e*)

Beilcre Solver After Solver
Age L oo (- (Losgtoms)  Low (Lot apa)
1 25 25.59 0.35 25.13 0.02
2 ! ] 318.01 0.00 A5.47 0.28
3 42 42,98 0.93 42.51 0.28
4 47 47.80 0.38 47.30 0.09
5 5 50.89 0.10 50.55 0.20
8 53 52.7% 0.08 52.77 0.08
T 54 54.13 D.02 54.27 .07
1.81 0.87
~Xier Yolver |
] 0.687 0.687
-] 18.94 18 54
o 10,4050 0.3854
L. 56.58 57.4T507348
T 478 TR TIEE0T|
80
50 ;
! a0 .
L 3Q
20
10
r g4 r T T r \
5 0 5 10 15 20 25
t




CHAPTER Il - GROWTH

TG plot e von Bartalantty Curve, croale a sefios of
ages (i) and sciva for L, using the von Bartalanfty
equation and the parameter values obtained from
Sotver.

A 0.687

b 18.94

4 0.3854

(. 57.4750735

ty -0.49198680

X ¥
0491988901 0.00
a 5.93
1 25.13
2 3547
3 4251
4 47.30
5 50.55
8 52.77
7 54.27
8 55.30
3 5559
10 56.47
11 56.79
12 57.01
13 5718
14 5726
13 57.33
18 57.38
17 57.41
18 57.43
19 57.44
2 57.45
Y 57.48
2 57.47
23 57.47
24 57 47
25 57.47

A2.12

Exampie 2



CHAPTER Il - GROWTH

Microsoft Excel 8.0a Answer Report
Worksheet: [Example 2.xIs]F-W
Report Created: 3/27/00 2:21:09 PM

Target Cell (Min)

Cell Name Original Value  Final Valua

$F$101 (L ops~L preg)” 1.81 0.97

Adjustable Cells

Cell Name QOriginal Value  Final Value
$D3106 K After Solver "0.4050 0.3854
$D$107 L. After Solver 56.88 57.47507346
$D$108 t, After Solver -0.476 -0.491986901

Constraints
NONE

AZ-13
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CHAPTER IV - ESTIMATION OF MORTALITY RATES Example 2

Consider a population of Ny = 1,000 fish at the start of the year. At the and of the year,
M, =358 fish. During the year, 321 fish were caught. Calcuiate §$,Z, A, U, F, and M
during the year.

Glven data
Na = 1,000
N, =358
C =321
s Z
S=N,/N, Z =-n(S)
=358/ 1000 = .In{0.358)
0.358 1.027222293
A 7]
A=1-8 U=C/N,
=1-0358 = 32171000
0.642 0.321
F M)
Us(F*aA)/z Z=F+M
therefors therafora
F=(U"Z)/A M=Z-F
=(0.321"1.027) / 0.842 = 1.027 - 0.51
0.513611148 0.513611148




CHAPTER IV - ESTIMATION OF MORTALITY RATES

Parform a catch curve analysis using the catch-at-age data for striped basa (Morone saxatiiis) on the
Atlantic coast from Maine to North Carolina (both landings and discards) reported by the Atlantic
States Marina Fisharies Commission.

Ade Numbers LN{N)
1 0.5 -0.88
2 58 4.58
3 858 8.49
4 664 6.50
5 551 8.31
8 478 a7
7 458 8§12
L} 218 538
9 143 498
10 71 428
11 44 378
12 43 3.87
13 13 2.58
14 48 153
15 2.8 0.98
Flot the La{Number of fish) against ima using only the
fuily recruited agss (ages 4 and up),
Thare ara 2 methods to caiculate tha slope arxd y-irtercept:
{1) Go to Tools, Dats Analysies, Regression, salect the input
fand output ranges, then click O The two numbers that are
Important are the X varable 1 which ts the slope and intercapt
which is the y-intercept.
{2) Select the data series on the graph, right dick, and choosa
Add Trendline. Choose “linear” for the Type. In the Options
Itab. click "dlsplay aquation on chart.”
Age Numbers Ln{N) Ln{N}
{not waed) (U!.dl 10 1
1 05 .88 s
2 a8 458
3 858 5.49 [
4 664 6.50 kA
5 551 8.3 5
8 478 6.17 i1 4
7 458 .12
8 216 5.38 2
9 143 4.90
10 A 428 9 r . ' -
" 44 .78 N 4 8 19
12 48 a7 2]
12 13 2.58 ‘ Age
14 40 1.53 ! "o N i m | e |
15 28 0.98 i __o_Ngl Lsed mUsed:

Exampia 3

y = 0.5108x + 3255

R* 2 09416

12




CHAPTER IV - ESTIMATION QF MORTALITY RATES

From Tools, Data Analysls, Regression;

Exampie 3

SUMMARY OUTPUT
Regrassion Statistics

Multiple R 0.970339958
R Square 0.941559833
Ad|usted R Square 0.935715597
Standary Error 0.480852953
Observations 12
ANOVA

af S5 MS F Significance F
[Regression 1 37.25284748 17 25284748 1611148009 1.71998E-07
Residual 10 2312195822 0.231219582
Total 11 39 5680431

Cosflicients  Standard Emor f Stat P-vaiue Lowsr 05% __ Upper 95% _ Lowser 95.0% _ Uppar 95.0%

Intercept 9.215531611 0406442282 2287365387 A.273B5E-10 8.3099218168 10.12114181 8.309921618 10.121141861
X Variabhe 1 -0.510401207  0.040210644 -12.89309288 1.71906E-07 -0.509996819 -0.4208056855 -0.500006819  -0.420805855

Tha CCA suggests that averaga totai mortality in 1998 on fully recrulted cohorts is 0.51 (sbsoluts
value of 0.5104). The Atlantic States Marine Fisharias Commission assumed & natural mortality M
of between 0.15 and 0.2. Therefore, flahing mortality, F, was estimated to range from 0.31 {o 0.38.
The fisheries management target in sat at £ = 0,31,



CHAPTER IV - ESTIMATICN OF MORTALITY RATES Exampie 4

The Northeast Utilities Service Company (NUSCO) in Waterford, CT has collected and tagged lobsters
in Long Island Sound since 1978. Commercial fishers and others recaptured lobsters and returnad

the tags to the NUSCO. Recapture data for individual years of tagging were used to determine

annual exploitation rates. Tha results of this study are shown in the table below. Given this
information, calculate fishing mortality rate for sach year, assuming a natural mortaiity rate of M = 0.15.

Year Number Mumber Rate of
Tagged Recaptured Exploitation
1986 5797 1194 0.21
1987 5880 1358 0.24
1988 6838 1727 0.25
1886 6436 1235 0.19
1990 5741 1066 0.19
1961 8138 1109 0.18
1992 9128 1842 0.20
1993 87T 1708 0.21
1894 7533 1974 026 -
1895 5307 983 0.18
1596 6221 297 0.1&
1397 6102 16865 027

Becausa fishing mortality and natural mortafity occur at the same time, the instantaneous
rate of mortality will be calcuiated using the Type 2 fishery equation.

UmiF12Z)*(1-0%)

To solve, set M = 0.15. Create columns called "Solver Exploitation® and "Fishing Mortality (F)."
fn the *Solver Exploitation® column, enter the exploitation equation using call values whare
appropniate, including the cell for F. Under the Tools manu, use the Solver function, Set the
"Solver Exploitation” column egual to the "Rate of Exploitation™ column, by changing the vaiue
in the £ column. Solver itaratively solves for F. Repeat for sach year.

| H=318 ]

Year Number Number Rate of Solver F
Tagged Recaptured Exploitation Exploitation

1986 5797 1194 0.21 0.209185563 0.25431598
1987 5680 13568 0.24 (0.23998242 0.29769718
1988 £836 1727 0.25 0.2499764 0.31217705
1989 5436 1235 0.18 0.1895022 0.22751774
1980 5744 1068 0.19 0.1895022 0.22751774
19914 8138 1108 0.18 0.17962501 0.2143288
1992 9128 1842 0.20 0.19935631 0.24084858
1993 8177 1708 0.21 0.20918553 0.25431598
1904 7533 1974 0.26 0.25996883 0.32688111
1995 5307 283 0.18 0.17962501 0.2143288
1966 6221 997 0:18 0.1598088 0.18838771
1997 6102 1885 0.27 0.26995943 0.34175474

A2-17



CHAPTER IV - ESTIMATION OF MORTALITY RATES

A sampie of 1000 winter flounder were tagged in Narragansstt Bay in the winter of 1990, Returns
from those tagged flsh from 1991 to 1994 ars shown In the table below. Determine sstimatas of
total mortailty (Z) and flehing moctallty (F) over the time period, assuming s natural mortality rate

of M = 0.30,
Year Number __In{(Number)
189 270 5.80
1892 -] 3.58
1993 e 1.79
1964 1 0.00

The salution to this example is similar to the Catch Curve Analysis.

Plot the naturai I6g of récaptures against time.

Time In{Numbar}

1 5.80
2 .58
k) 119 -
4 .00

[There ars 2 methods to calculate the slope and -
Intercept:

MU } Go to Tools, Dats Analysis, Regresslon, seiact the

Input and output ranges, then click OK. The two numbers
that are imponant are the X variable 1 which is the slcpe
and intercept which is the y -intarcept.

{2} Select tha data series on the graph, right dlick, and
choose Add Trendline. Choosa “linasr” for the Type. In
the Options tab, click "display equation on chart.”

From Toots, Duta Analysis, Regression:

6.00 -
5.00 -
4.00
3.00
2.00
| 1.00 -

y = -1.8587x + 7.3002
R? = 0.9991

In{Number}

0.00 T r T g

.

Ul Y

[~ Regression Yatistcs

Multiple R 0.999567898

R Squars 0.999135078

Adjusted R Square 0.998702987

Standard Error 0088423126

QObservations 4

ANOVA, _ - _
of £ M3 F Significance F

Regression 1 17.27387588 1727367566 2312.758181 0.000432104

Reaidual 2 0.014837913 0.007488067

Total 3 1728881347

T Costiclnts Standerd Bmor [ St

Povalve __ Lower 95%  Upper 55% . Lower 03.0% Upper 95.0%

Intercept 7300181428 0.10684820 0051004473

=1 +7

therefore

Z = 1 5887

0.000205072 6.934781325 7.845601331 A.53478133 7845601531

X Varable 1 -1.658T0283 0.038846507 -48.00112358 0.000412104 -2.02400844 -1.50240883 -2.0249984 -1.89240063

ZaF+ M

[Aeeuming M = 0.30, Rahing mortaiity Is ound Using the equation

PRI M
F = 1.8687 - 0.30
1.5687

Al .18

Exaripia 5



Chaptar IV - ESTIMATION OF MORTALITY RATES

Solve for M using the time seriss of affort and total mortailty data In the kingflsh fishery off tha coast

of Thailand from 1966 to 1374,

Yaar . .. Effort z
_\{1000 days]

1968 2.08 2.41
1987 2.08 2.89
1568 350 272
1968 3.80 282
1970 380 iy k<)
1971 - -

1972 T.19 .88
1973 3.84 481
1974 8.08 3.3

[To sofve, plot the valuas of Z against affort using the equation

Zmaf+ M

Thers are £ methods to calcuiate the siope and y-

intercopt 8 A
*
(1) Go to Tools, Data Analysis, Regression, select the 4 -
input and output ranges, then click OK. The two numbers . *
that are important are the X varable 1 which is the slopa 3 4
and intercapt which is the y-intercept, N +
2 A
(2) Salact the data sanas on tha graph, right click, and =
choose Add Trendiine, Chocse Vinear” for the Type. In 14 ¥ 0‘1;‘37" +2.1439
the Options tab, click "display squation on chart.” 0 R*=0.084
Data for regrassion C 2 4 6 8 10
EFuT; Z Effort (1000 days)
(1000 deyw}
2.08 2.41
2.08 209
3,50 273
360 202
380 N
7.19 368
o 94 401
8.08 130
From Tools, Data Anatysis, Regression:
0.850274855
0.792580317
0.758020809
0.36985708
8
= 1 Significance
[Ragrnmon 1 3138434444 3130434444 22 92B11452 (£.003036798
Reaidual 8 0.B2076E558 0.130794259
(Tatat 7 3.9572 ;
Cosfficients Standard Emor___t Stat Bvalus____Lower 96% __ Upper 95% Lower 95.0% _Upper 95.0%
Intercept 2.05295377T4 (Q.27050031 7.422383317 0.0003076841 1.3761€1171 2720746378 1.3T6161171 2. 72974637
X Variabie 1 0.2440881 0.05097581 4.788331078 0.003038798 0.119355183 (0.388821016 0.119365183 0.36882101

[y = 0.2441x + 2.053

- tharefore

M= 2553

Al-19
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CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS

Catchea by langth (cm) for a mesh cover and an experimental ced-and (12 cm, dlamond mash) sre
shown in the table beiow. Satve lor L 5, salaction factor, ssiection range, and the paramaters

o and B that define the LGCDF.

Lengih. Cover Cod-end Sum Ratio
{em} P}
10 10 Q 10 3.00
20 1% 1 20 Q.05
a0 75 25 100 .28
4C 200 200 400 0.50
30 100 300 400 n.7s
80 2 198 200 (.99
70 i] 50 50 1.00
80 '] 5 5 1.00

1.25 1
1.00 4 * * [
£
5 0.76 +
s ,
! .25 . i
1 H
1 I
‘ 0.00 * : - * v v r I
| 0 10 20 30 40 50 80 70 &) 90
: Langth (em)

Graphically, e L o is sstimated to bs 40 cm,
L 25 ard L are estimated to be 30 and 50 om, respectively
sF SR
SFalg/im SRalm-Lom
= 40/12 =50-30
SF = 3.333333333 SR= 20
Fha parametsrs o and f§ defining the LCDF can be delsrmined Indirecty
using the linear regression agquation
In(P | (1-P)) ma+{f*L)
Pict the values of In{P / (1-P)) versus length.
Length Cover Cod-end Slm Ratio . LO(B 1 (1-P))
{em} (P}
10 10 a 10 0.00
20 19 1 20 0.08 -2.94
0 75 25 100 0.25 -1.10
40 200 200 400 0.30 0.00
50 100 300 400 Q.78 110
50 2 188 200 0.99 4.80
0 0 50 50 1.00
80 0 5 5 1.00

A2-20
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CHAPTER ¥ - SELECTIVITY OF MARINE FISH HARVESTING GEARS

Example 1

Therse are 2 mathods to calculate the siope and y -intercapt: 8 -
{1) Go to Toals, Data Analywsis, Regreasion, select the input 6 1 ¥ = 0'12?28" -6.5804
and oulput ranges, then ciick OK. Tha two numbars that are 4] R =0.5429
important are the X variable 1 which i the slope and intercept _
which i the y-intercept. &, )
{2) Select the data series on the graph, right click, and chooss a G -— $ T T :
Add Trendline. Chogsa “linear” for the Type. in the Options £ 20 40 60 30 100G
tab, click “dispiay squation on chart” 21
-4
.6
Langth {em)
From Tools, Data Analtysis, Regression:
SUMMARY QUTPUT
Fogression Stetstcs
Muitiple R 0.971043981
R Squars 0.942926412
Adiusted R Square 0.9235016883
Standard Error 0.778014538
Observations 5
IANOVA _ _ ,‘
of S5 M3 F Ncance F :
Ragreasion 1 20.84720011 2904720011 4958371881 0.00568007 1 :
|Resicual 3 1.808505888 0.802198583
Total 4 31.85379579 |
CosMcients _Standard Eror T Stat P-valve Lowsr 5% _ Uppar86%  Lowsr95.0%  Upper 98.0% |
Intercept -8.58040072 1041132758 -8.22042426  0.00600801  -0.893752917 -3 267048524  -0.883752917  -3.26704B524
X Varlabls 1 0172183422 0.024539734 7.040150488 0.005889071 0.004866962  0.250858883  0.0548600962 0.2508539683]

y = 0.17282 - 6.5804
tharefore

as -4.5804
= 0.1728

Tha salactivity parameters can alao ba dstermined directly using
the non-linear regrassion squation.

Pl wii{1+gfed it -Lo0h

|Usa the value for L o, datermined above and guess at 8 value for o2
Lise this squation 1o solvs for mpected valuas of PL, .

hFlndmoSumoiSqulu&rﬂbmmommPL,_
values. Lise Solver o minimize the Sorm of Squares by changing the
iguessad values of L ., and a2. The new vaiues for o2 and L o are
mommmmmw.

A2 -21



CHAPTER V - SELECTMITY OF MARINE FISH HARVESTING GEARS

Examnpie 1

Befors Solver After Sobver
Length Caver Cod-end Sum Obsarved Expectad Squared Expectad Sguared
(cm) Ratio (P) [ diflarances P Jiffersnces
10 10 0 10 0.0000 £ 2008 3.05584E-07 0.0200 0.0004017868
20 19 1 20 0.0500 C.0087 0.001875508 0.0700 Q.000401292
30 It 25 100 02500 0758 0.030325373 02171 0.001084296
40 200 200 400 0.5000 C.5000 6] 0.5051 2.84255E-05
50 100 300 400 0.7500 092414 0.030325373 0.7898 0.001586964
14/ 2 198 200 0.9900 0.9933 1.09372€-05 0.9328 1 003254843
70 o] 50 50 1.0000 0.9994 3.05584E-07 0.9807 0.000370641
80 a 5 3 1.0000 1.0000 2.08097E-09 0.9947 2.81268E-05
Sum Sq. = 0.082637807 Sum 3q.= 0.007194353
ore [ANar Sobver |
L 40 39.84223301
@l 0.25 0.130337844
Lyg= 40 E=-gld "Ly
a2xf= 0.1304 =-40"0.13
o= .52157
|Usa the new values ta piot the selectivity curve. |
Langth Observed Expecisd o T
ferm) £ 2 1.20 -
10 0 0.02 1.00 4 .
20 0.05 0.07
30 0.2% 021 0.80 +
40 048 0.50 "
50 075 079 g 0604
80 0.9 0.93 0.40 o
70 1 0.98
80 1 0.99 0.20 4
0.00 * T T v T r T T |
1] 10 20 30 40 50 60 70 a0 23

tengthlem}

Expectsd e Observed|




CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS EXAMPLE 1

Microsoft Excel 8.0 Answer Report
Workshest: [Chapter 5 - Seiactivity Examples.xis]Example 1
Report Created: 5/10/00 9:48:25 AM

Target Cell (Min)
Cell Name Original Value Final Value

318136 Sum 8q. 0.062537807 0.007194353

Adjustable Cells

Cell Name Original Value Final Value
$H$139 L 5o After Solver 40 38.84223301
$H$140 o2 After Solver 0.25 0.130337844

Constraints
NONE



CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS

Nets A and B have mesh sizes of 8.1 and 9.1 cm respactively, Catches from these two nats are
shown in the table below. Determine the selectivity parametars a and b, the L 8 for both nets,
the standard daviation and selection factor. Plot the rasults using the NPOF modsl.

Langth # Caught # Caughi In{B/A)
{crm) Net A Net B
18 20 0
19 90 1 4.50
20 1968 g 3.10
21 182 53 -1.23
22 118 290 0.58
23 % asr 2.51
24 4 2235 4.03
25 0 101
F’Iotﬁng the length frequency distribution for both nets, the requirad overlap is observed. 1
400 - |
£ 300 ‘
=
3
= 200 -
é
a3 -
3 100
O - T T : 1 i
15 17 19 21 23 25 27 ‘
Length {cm)
—+—Net A —8—Net B J
To deterrmine the 36l i rameters, pict N(B/A) against length. |
There are 2 methods (o calcuiate the siops and y-intercept: ! 8
y = 1.7588x - 36.068
(1) Go to Tools, Data Analysis, Regression, ssiect the Input 64 /% = (.9969
and output ranges, then click O, The two numbers that are 4 -
important are the X variable 1 which is the siope and intercept 2
which is the ¥ -ntercept. g‘ 0
g Y r T y v +
{2) Selact the data saries on the graph, right clicl, and chooss 2¥ v 19 23 % a
Add Trendline. Chooss Tinear” for the Type. In the Options 4 4
tab, click “display equation on char,” 'y
g
Langth (cm)

Examgle 2



From Tools, Data Analysis, Regression:

CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS

Exampla 2

SUMMARY QUTPUT
Regression Statistics
Muitiple R 0.998425922
R Sjuare 1.8996854321
Adjusted R Square 0.996067301
Standard Emor 0.206769958
Observations [}
ANQVA
of S8 MS [ Significance £
Regreasion 1 5419411688 54.19411688 12687.585532 1.714B83E-06
Rasidual 4 0171015258 0.042753815
Taotat S 5438513214
Coafficients Standard Ermor t Stat P.vaiue Lower 35% Lipper 55%  Lower 95.0% U 95.0%
Intercapt -39.06825433  1.086038044 -35.71003158 3.67048E-08 -41.02805857 -35.10845200 -41.02805657 -35.10845209
X Variable 1 175977481 0049427473 3560316744 3. T1463E-08 1.82254188 1.897007561 1.62254168 1.897007561
¥ = 1.7508x - 38.068
therafore
a= -38.088
b= 1.7598
|£ 8. standara deviation, and seiection factors are found following the method of Halt (1 - T I

Lo A

Lo Am-2° [(#°mla) / (b*(mis + mig)]
= .2%{(-38.088"8.1) / (1.7508%(8.1+8.1))}
LwAT 2037432001

Lop B

Lo B=-2"{{a*min) / (b * (mly + mig))]
= -2°((-38.088%9.1) / {1.7568°(8.1+9.1)))
LogB= 2288067827

[
= (-2°{-38.088)"9.1-8.1}} / ({1.7566%)°(8.1+9.1))
SD= 1,.428338141

D = [-2*8 *(rnty - mia} / (b)) (miy) + mig))]

8F
SF & L oge /

SF, = 2037 /8.1
SFy = 251534926

SFy * 22.80/01,
SFy® 251534928

A2 .15



CHAPTER VI - YPR AND SSBPR Exampie 1

Consider the development of a harvesting strategy for a roundfish species where

K 0.2
M 0.4
w. 10 kg

and the question is whether to regulate mesh size in the trawl fishery to ailow entry into
the fishery at age 3 or 5, and at what level to set fishing mortality at these ages so as to

maximize yield (F yax).

Using the spreadsheet program in the Example 1 worksheets, insert the appropriate numbers for
each variable (cells D1 to D9}, as well as, for U (cells F2 to F5) and n (cells G2 to G5).

The program automatically solves for yield per recruit (cells K23 to K223} and graphs F versus
YPR.

Included are two worksheets, Example 1 (tc=3) is the solution when ¢, = 3 and Example 1 (tc=5)
is when f, =5,

The problem answer can be found in the Conclusion workshaet.



CHAPTER VIl - YPR AND SSBPR

Bevarton-Holt
Yinid Per Racruit

=]

Exampla 1

] 0.1 1] I 18 -
W, 10 1 0
K 0.2 3 1 164
1, ¢ 3 2
t, 3 -1 3 144
'I’ 0 L
N. 100000
t, 20 E1 0 1
MK Q.50 ,-0.8-

0.6 -

04 4

0.2 4

0.0 . . . y —

0.0 0.5 w18 20 25

F FW _EXP(..} C LZ] Y20 ¥2-1 Y2-2 ¥2-3 Yieid YER
g 0 0 0 8.173164759 545465671 1.808787571 -U.23613007 0 0
0.01 0.074081822 5897 7.408 7.889784893 -5.28376222 1.771426525 -0.232814 298223 0.292225763
0.02 0.148163844 10,742 14818 7.240760743 -5.12278157 1.737407262 -0.22858088 531,855  0.533848007
0.03 0.202245488 15220 22225 684845655 49709300 1.704864593 -0.22643581 74,580  0.745801187
0.04 0.208327288 19,207 29,633  6.481781580 -4.82749865 1673120693 -0.22337611 91961  0.919810434
0.05 0.37040811 22,768 37,041  B.148122227 40918416 1842734648 022039788 106,553  1.065525288
0.06 0.444490932 25,951 44,449 5838282785 4.56337582 1.613422038 -0217498 118,718  1.187100162
0.07 0.518572754 28,808 51,857 5555434043 -4.44157072 1585134569 021487344 126,830  1.288302978
0.08 0.5926854877 31,381 58,2685 529508838 432594382 1557819739 -0.21192128 137.201 1.3720090935
0.08 0.866736308 33,703 85,674 5054960533 -4.21805473 15314208518 020923879 144,088  1.440381049
0.1 0.740818221 35,808 74,082 483313385 4,11150207 1505015082 -0.208823358 149,714 1497138213
0.1 0.814500043 37,712 81,490  4.6278209268 4.01192154 1.481238587 -0.20407249 154268  1.54208429
0.12 0888961865 19,448 88,898 4437481348 I.1697546 1.45735279 -0.20158383 157,908  1.579078126
0.13 0.963063887 41,033 96,308 4200893474 282035755 1.434226138 -0.19915514 180,775  1.607TAS191
0.14 1.037145509 42,484 103715 4096218803 -32.73978613 1.411821282 -0.19678427 162984  1.8298420827
.18 1111227331 43,815 111,123 3.942043064 -3.85700252 1.300105047 -0.19448818 164,637  1.848353208
0.18 1.185309153 45,040 118,531  3.798868337 357776884 1.369048248 -0.19220792 165817  1.688173812
0.17 1.259300075 48,171 125,930  2.688100525 -3.50188604 1.248815540 -0.16990065 168,599  1.883087091
0.18 1333472797 47,218 133,347 3540837109 -3.4200922 1328785317 018783950 167.043  1.870428808
0.19 1.407554819 48,188 140,758  3.423358885 -3.15928089 1.309520512 -0.18572004 167.203 1.872029168
0.2 1.481838441 48,087 148,184  3.313010848 -3.29719982 1.290823571 -0.18368539 167,124  1.871240279
o.21 1.5557182683 40,928 155,572 3200214155 -3.22774967 1. 272644300 01818471 166,545  1.583448408
0.22 1.629800085 50,710 162,880  3.111439115 -3.16676244 1254060817 0.17967268 168,398  1.863983219
023 1.703881908 51,444 170,388  2.019208881 -3.1061014 1237779385 -0.17774072 165,813 1838126113
0.24 177798373 52,132 177,796 2.932002014 -3.04883025 1.221053415 -0.17584586 165,112  1.651117287
0.25 1.852045552 52,778 1852086 2.849697599 -2.99325768 1.204773351 -0.173895881 164,318  1.8431181583
0.28 1926127374 53,388 192,813 2771870956 -2.93084662 1.18892161 -0.17218833 163,443  1.834423298
0.27 2.0002001968 53,959 200021 2807806838 -2.8883035 1.173481%18 -0.f7041121 182,508 1.425083248
0.28 2.074291018 54,501 207429 2827481084 -2.83853203 1158437258 -0.16867233 181524  1.615236848
0.29 214837284 - 55014 214837 25060717531 -2.79044469 1.143773807 -0.16696857 180,500  1.80500Z251
0.3 2272454082 55,499 222248 2497215562 -2.74305618 1.120478804 -0.16520888 150,447  1.304472075
0.3 2296538484 55,980 220854 2436712554 -2656898808 1,115532961 0.18308228 158,372  1.583724321
0.32 2.370618008 50,3199 237,082 2378064876 -2.65546092 1.101929071 0.182058773 157,283  1.572823357
0.33 2444700128 56,815 244470 2.324026007 -261333041 1.08B652967 -0.16048435 150,183  1.561831413
0.34 2.51878198 57,213 251,878 227144487 -2.5725081 41.075892938 -0.15804124 155,078 1.550790048
0.35 2592883772 57592 258,206 2221184348 -2.53203854 1.063037831 -0.15742751 153,974  1.539741368
0.38 2.666945504 57,054 268,696  2.173039953 -2.40458491 1.050877013 -0.15554238 152,872  1.528719115
0.37 2741027417 58,300 274103 2.126938681 245733775 1.038600330 -0.15448404 151,775  1,.517751568|
0.33 2.815109238 58,831 261,511 2.00273T7B7 -2.42120471 1026758123 015305452 150,688 150688212
0.39 2.889191081 58949 288919  2.040324139 -238811834 1.015261118 015185035 149,807  1.496070067
0.4 2563272083 59,253 206,337  1.9985030683 -2.352003% 1.003080479 -0.15027172 148538  1.485393881
0.41 3.037354705 59,548 303,735 1.960447727 -2.31680912 0992047782 -0.14891782 147,484  1.474343819
0.42 3.111438527 50,827 31,144 1922708418 -2.2887041 0.96215488 014758829 146,443  1.46443154
0.43 3.185518348 60,097 218,552  1.888561021 -225538108 0.9715841 01482822 145417  1.48418597
0.44 2.250800171 60,357 325,960  1.851660082 -2.22490438 0501258013 -0.14490902 144,408  1.444053618
0.45 3333681993 60,807 333,368 1.818023699 -2.19524017 D.951138524 -0.14373818 143,410  1.434099813
0,48 3407763815 80,848 340,776 1.785583260 -2.16635642 0.941231835 -0.14240904 142,431  1.424307757|




CHAPTER V1 - YPR AND SSBPR
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1.18

3.481845837
3.555927459
3.630006281
3.704081103
3.778172925
3.852254748
3.92633657
4.000418392
4074500214
4,148582038
4222683858
429674568
4.370827502
4.444800324
4518991148
4.583072568
4 BET15479
4.741238812
4815318434
4.880400258
4.983482079
5.037563001
5.111645723
5.186727545
5.250809367
5.333891188
5.407973011
5.482054833
5.556136655
5.830218477
5.704300299
5.778382121
5.8562483943
5.920545765
6.000827588
8.07470841
8.148781232
8222873054
0.200054870
8.371036698
8.44511852
8.519200342
6.583282164
8667382808
0.741445808
881552703
8.8886094582
0.963091274
7.037773098
7111854919
7.185038741
7.280018583
7.334100388
7.4081%&2207
7.482204020
7.5508348051
7.830427673
7.704500400
7178501317
7.85207 119
7.926754981
0.000838783
8.074018608
8.148000427
8.2230822%
8.287184072
8.371245804
8445327716
8.519409638
8.50340138
8.867573182
8.74 1885004

67,487

67,583
47,840
87,606
87,750
07,804
87,558
87,808

88,010
88,088
68,107
848,155

82,240
88,204

348,185
385,593
363,001
370,409
377,817
386,225
302,834
400,042
407 450
414,858
422,268
429,675
437,083
444,491
451,899
459,307
468,715
474,124
481,532
483,940
496,348
503,756
511,185
518,573
525,981
533,389
540,797
548,205
555,814
563,022
570,420
577,338
585,246
532,858
600,083
807,471
614.879
822,287
629,096
837,104
844,512
651,920
658,328
668,738
674,148
881,553

822,308
829,718
837,125
844,533
851,841
850,340
868,757
874,166

1.754277368
1.724047893
1.654840579
1.668604718
1.6392a2854
1.612880554
1.597288158
1.562470578
1.538437097
1515131207
1492520438
1470574208
1.449283698
1.428581728
1.408442835
1.388582178
1.369857428
1.351348703
1.333329464
1.315788252
1.298698618
1.282048048
1.285820924
1.249598448
1.234586600
1219511118
1.20481838
1190475442
1.178489084
1162790478
1.149424554
1.138383275
1.123585204
1111110859
1.088800869
1.088958348
1.075288871
1.083820685
1.052631477
1041868582
1.030927764
1.020408104
1.010100981
0.909999950
0.890008975
0.880362128
0.970873782
0.901538441
0.952380036
0.943366212
0.8934579427
0.925025018
0.917431184
0.909090902
0.800000895
0.892857138
0.884055748
0.877192979
0.8605845215
0.882088063
0.854700853
0.84T457825
0.840338133
0.8333333%2
0.52644828
0.81967213
0.813008129
0.806451812
0.8
0.7636850793
Q.787401574
0.78125

-2.13822274
-2.11081031
-2.084059178
-2.05804108
-2.03263358
-2.00784588
-1.88385504
-1.98004033
-1.93698122
-1.91445834
-1.8924532
-1.87084816
-1.84892637
-1.82937171
-1.80926878
«1.78960287
-1.77035988
-1.7515283
-1.73308921
-1.71503622
-1.68735548
-1.68003552
-1.68306548
-1.84643484
-1.83013352
-1.81415182
-1.50848045
-1.58311048
-1.58803322
-1.55324048
-1,53872419
-1.52447875
-1.51049073
-1.496758
-1.48327488
-1.47003118
-1.45T702204
1 44424114
-1.43188252
-1.41934043
-1.40720032
-1.39520382
«1.38355874
-1.372020908
-1.368069001
-1.34953881
-1.33856408
-1.3277T008
-1.31714793
-1.30868437
-1.20840544
-1.28827727
-1.27830813
-1.26848838
-4,25882054
-1.24729917
-1.22792058
-1.22868277
-1.21958141
-12108139
A.201777T3
«1.19306877
-1.18448555
-1.17602483
-1.16768433
-1,1504812
-1.15135308
-1.14335758
«1.13547235
-1.12769514
-1.12002375
-1.11245802

-8

0.831528426
0.922023044
0.912709688
0.903582598
0.894538242
0.885865303
0.877264673
(.888829432
0.880554876
(2.852438438
0 844469742
0.836585050
0.928574888
0.8214348754
0.814038405
0.6808770206
0.799630847
0.792616344
0.785724029
0.773950548
0.772292849
0.7857475995
0.758313138
0.75298552%
0.748782508
0.740841504
0.734620020
0.728695873
0.7226688108
0.717129078
0.711482389
0.705923934
0.700451885
0.885083588
0.889757737
08845323
0.87938544
0.8743154
0.689320471
0.884308097
0.8505482389
0.854770028
0.65005945
0.845418188
0.640838749
0.8383258
0.831975688
0.627487541
0.823180438
0.618892218
0.614882085
.610528808
0.808431200
0.802388424
0.598399087
0.59448228
0.5905786586
0.586741971
0.582956539
0.579219638
0.578530341
D.571887744
0.588230988
0.584739147
0.551231451
0.557787059

0.537848807

-0.1412811
-0.1400838
-0.13890663
-0.13774907
-0.13681085
-0.1354508%
-0.13438934
-0.13330555
-0.13223911
-0.13118858
-0.1301588
-0.12913878
«0.12813887
0.12715299
£.126818238
«0.12522643
-0.12428488
-0.12335738
0.12244382
4.1215433
0.12085612
-0.1187818
011892008
-0.11807063
-0.11723325
-0.51640787
-0.11558363
-0.11470088
<0.11358023
0.11321842
.11244822
0.11168844
<0.11093888
0.1101902¢
0.1084 8848
-0.10874927
-0.10803848
-0.10733694
-0.10664444
0.10596083
-0.10528592
0. 10481955
<0.10306158
-0.10331181
-0.10287012
-0.10203635
-3.10141038
=0.10079201
-0.10018114
-0.09957764
-0.09858137
<0.0883922
-0.08780599
-0.09723484

-0.08752494

141,488
140,522
139,593
138,880
137,784
136,905
136,042
135,198
134,365
133,551
132,752
131,969
131,201
130,447
129,708
128,584
128,274
127,577
126,854
128,223
125,568
124,921
124,289
123,688
123,080
122 462
121,878
121,301
120,737
120,183
119,638
119,105
118,561
118,088
117,581
117,005
116,577
118,088
115,828
115,188
114,711
114,285
113,828
113,385
112,972
112,585
112,145
111,742
111,348
110,957
110573
110,198
109,825
109,481
106,101
108,748
108,400
108,058
107,721
107,369
107,082
108,741
108,424
108,112
105,808
104,502
108,204
104,910
104,021
104,339

102,777

Exampie 1

1.414880702
1405220131
1395926904,
1.38880118%
1.377842548
1.369050074
1.36042243
1.351957937
1.343654834
1.3335810326
1.327522028
1.319688999
1.31200879
1.304473253
1.297085574
1.289840894
1.282736325
1.275788962
1268935801
1.262234247
1.25568112
1.2492138868 |
1.242889071
1.238884545
1.230597347
1.22482478 |
1.218764194
1.213012088
1.207368848
1.2018285717
1.19639043)3
1.191031794
1.185810328
1.180683749
1.175609633
1.170048421
1.188771379
1.160982847
1.15827821
1.151858103
1.14711442
1.142651291
1.1382064902
1133953487
1.129715322]
1.125848721
1121482082
1.117423788
1.113482298
1.109586102
1108733741
1101983783
1.09825484
1.094805387
1.091014818
1.087480739
1.084002671
1.0805T9190
1.077208139
1.073691338
1.0700244T3
1.08740808
1.004240405
1.0811207
1038047920
1.085021098
1.052039258
1.049101488
1.048208821
1.04333443
1.04054243
1.037T7207%




CHAPTER VI - YPR AND 5SBFR

8.815735826
8.869818648
8.896390047
90379682282
8.112084114
9.186145938
9.260227759
9.3343095&1
9.408391403
9.482473225
9.556555047
9.630636869
9.704718691
9.778800513
9.852882335
9926084157
10.00104598
10.0751278
10.14820862
1022329145
10.28737327
10.37145609
10.44553891
10.51081873
10.59370058
10.66778236
10.7418842
10.81584802
10.89002784
10.96410087
11.03818140
1111227331
1118835512
11.28043895
11.33451878
11.4088008
11.48260242
11.55876424
11.63084008
11.70492789
11.77900971
11.85309153
11.92717335
1200125518
12.075337
12.1494 1882
12.22350084
12.29758246
12.37168429
12.44574011
12.51962793

'12.58380975

12.66799157
12.7420734
12.816155622
12.89023704
12.96431588
13.03840008
13.112482%1
13.18658433
13.28004418
13.33472797
13.40580079
13.48289162
13.55607344
13.63105528
1370513708
13.7792189
13.85330073
13.92738255
14.001406437
14.07554818

68,339
68,383
88,427
68,470
68,512
68,553
68,504
68,835
68 674
68,714
68,752
68,790
65,828

68,901
68,937
68,873
68,008
89,042
69,076
68,110
88,143
69,176
69,208
69,240
68,271
88,302
€9.333
69,383
69,383
69,423
68,452
80,480
66,509
89,537
69,565
68,582
69,619
69,648
89,872
69,008
89,724
88,750
88,775
69,6800
69,824
69,8489
60,873
69,608
89,920
89,043
69,508
69,989
70,011
70,034
70,058
70,077
70,009
70,120
70,141
70,162
70,183
70,203
70,223
70,243
70,263
70.283

70,202

70,321
70,340
70,359
70,378

881,574
688,982
£96,390
803,798
911,208
418,815
926,023
933,431
940,839
948,247
955,656
963,064
970.472
977 880
985,288
992,696
1,000,105
1,007,513
1,014,921
1,022,329
1,029,737
1,037,148
1,044,554
1,051,962
1,058,370
1,086,778
1,074,188
1,081,593
1,089,003
1,096,411
1,103,819
1,111,227
1,113,838
1,126,044
1,133,452
1,140,860
1,148,268
1,158,678
1,163,085
1,170,493
1,177,801
1,185,309
1,182,717
1,200,120
1,207 534
1,214,842
1,222,350
1,229,758
1,237 168
1,244,578
1,251,083
1.250.291
1,266,799
1,274,207
1,201,618
1,289,024
1,298,432
1,303,540
1,311,248
1,318,858
1,326,008
1,333,473
1,340,881
1,348,288
1,355.097
1,383,100
1,370,514
1,377,922
1,385,330
1,392,738
1,400,148
1,407 555

0.775183758
0.7692307€8
0.783358778
0.757575757
0.751879699
0.748268857
C.740740741
0.736294118
0.728027007
0.724837821
0.71842448
0.714285714
0.709219658
0.704225352
0.899300639
0.694444444
0.688655172
0.684831507
08680272109
0.675875676
087114094
0.8e8666887
0662251858
0.857894737
0.853584771
0.649350649
0.84518128
0841025641
0638942675
0832911392
0.828930818
0.825
0.621118012
G.817283851
0.813456833
0.6097568098
0.606060808
0.602400830
0.5888022308
0.596238096
0.581715076
0.588235294
0.584795322
0.568139534¢9
0.578034582
0.574712644
0.571428571
0.588181818
0.564871751
0.5681797753
0.568659218

0.523580209
0.520833333
0.518124715
0.515483918
0.512820513
0.510204082
0.507814243
0.505050505
0.302512563
Qs

-1 10458087
-1.09782327
-1.09035424
-1.08318086
-1.07810125
-1.08911358
-1.06221807
-1.05540688
-1.04888485
-1.04204741
-1.03549365
-1.02902182
-1.02263038
-1.01831784
-1.01008277
-1.00392372
-0.99783834
-0.99182628
<.58588817
-0.58002078
0.97422154
.08849112
096282743
-0.957 2206
0.95169644
-0.94822606
-0.94081995
D.3I547438
-0.93018921
0.9245834 3
0.91979604
-0.91488606
-0.90983255
<0.90483458
-0.89989121
-0.88480158
-0.889008482
<0.88518008
-0.88044848
3.867678325
<0.87112058
.56654469
0.88200761
-0.85751818
0.85307508
0.848687779
<0.84432559
.84001781
083575376
-0.83153278
£.82735423
0.82321745
081912184
0.81508679
-0.81105168
-0.80707 564
-0.80312888
0.79924025
-0.795637918
0.79155524
-0.7877679
-0.78401682
<0.7803008
0.77662024
-0.77207414
£.78936211
0. 78678308
-0.78223828
0.75872578
0.75524837
Q. 75179470
£.7433795

0.534664282
0.531519187
0.528410898
0.525338742
0.522302102
0.513300385
0.516332935
0.513399225
0.510406884
0.507830694
0.504794769
0.50199035)
0.499216926
0.4968473978
0.493761003
0491077519
0.488423046
0.485797118
0.48319927
0.4806829082
0.478088051
0.475583808
0.473079914
3470815858
J.468177531
1.4685764245
1483375711
Q.481011549
0.45867 1389
0.456354887
0.454061828
0451791318
0.4495438
0.447318137
0.445114509
0.442922085
0.440772017
0.438832347
0.4365133561
0.434414729
0.432338188
0.430277445
0.428238218
0.426218224
0.4242172
0.422234877
0.420270903
0.418325204
0.418357528
0.414487448
0.412504811
2.41071838
0.4058880921
0.407019205
0.405184007
0.403385108
0.401502283
0.399815326
0.39805402%
0.396308174
0.35457757
0.382582014
0.391181314
0.399475274
0.387803708
0.388148428
0.384503248
0.382873998
0.381258498
0.37985887
0.378008048
0.376432766

-0.08745473
-0.08699941
-0.086854392
<0.08609317
-0.08564709
-0.08520581
-).08478866
-0.08433617
-0.08380807
-0.08348429
0.083C6477
-0.08264944
-0.08223825
4.08183113
-0.08142802
-0.08102887
-0.0806338
-0.08024218
-0.07985454
-0.07947082
-0.07308038
-0.07871378
-0.07834071
0.07797117
<0.07760511
-0.07T724247
-0.0768832
-0.07652728
D.07TE1T48
-0.07582518
-0.0754 7064
-0.07513588
0.07479588
-0.07 445806
0.07412508
0.07379418
0.07348617
-0.0731411
-0.07281886
-0.07249951
-0.07218282
-0.07188908
-0.07158794
-0.07124852
-0.07084373
-0.0T084055
<0.07033096
-0.0700419
<0.0887 4837
0.08545331
0.08818271
-0.08887454
-0.06858875%
-0.08830633
-0.08802423
0.08774545
-0.08748883
-0.08715487
-0.06032283
-0.08866274,
-0.08063851
0.00811958
-0.08585013
-0.0855048

Examgie 1

1.035042254
1.032350455
1.029696802
1.027080533
1.024500906
1.021987199
1.019448703
1.010974732
1.014534013
1.012127892
1.009753328
1.007410898
1.005099793
1.002819419
1.000563185
0.998348556
0.996130949
0.993993833
0.99135888)
0.969750082
0.987670229
0.985615931
0.983587611
0.981584797
0.979607034
0.977653473
0.975724077
0.973819617
0.971937878|.

0.962883788
0.981113407
0.95938388
C.95T¢T4400
0.98598509)
0.954315308
0.952604812
0.951033288
0.949420415
0.947825892
0.948240418
0.944090003
0943140443
0.941825373
0.94011821
0.933827645)
0.937183831
0.935808401
0.934253309
0.932828730
0.931415520
0.830019448
0.928038256
0.92T2T1733
0.92519044
0.924581771
0.92325780%
0.921947813
0.920851311
0.919300184
0.51809821)
0918341203
0.915597081
0.914305499
0.913148301
0.91193039¢
0.910744818
0.908801317
0.908300220




CHAPTER ¥l - YPR AND SSEBPR

1.91 14.14982802 70,356 1,414,963 0.497512438 (.74459317 0.374930554 -0.06333291 90,723 0.907230478
1.92 14 223709684 70,414 1,422,371 0495049508 0 74183735 0.373281254 -0.06309118 20,804 0.906082101
183 14.29779168 70.432 1425779 0432810837 -0.73831°62 (0.171844706 -0.06285129 90,484 0.904944939)
134 1437187348 70,450 1,437,187 0.450196078 -0.73501558 0370320752 -0.06261322 50,384 0.903818832
1.95 14.4459553 70,468 1,444,586 0.487804878 073174885 0.368309238 -0.08237694 90,270 0.902703823
1.98 1452003712 70,486 1,452,004 0.485436893 -0.72851102 0.367210015 -0.06214244 90,180 0.801539138
1.97 14.59411885 70,503 1,459,412 0.483081787 .0.72530172 0.385822929 -0.0619087 80,051 0.800505288
1.98 14.66820077 70,520 1,486,820 0.480786231 -0.72212057 0.384347837 -0.081587869 88,942 0.899421884
1.99 1474228259 70,537 1,474,228  0.4784889 -0.71896721 0.362884593 -0.0814494 89,835 0.888348742
2 14 51636441 70,554 1,491,636 0476190478 071584128 0.361433054 -0.06122181 85,729 0.897285779

Exampig 4

A2-30



CHAPTER VI - YPR AND $3BPR

Baverton-Holt
Yield Per Racruit

Exampie 1

=31

') 5T * T n 5.
W, 10 1 o
X 0.2 -3 1
t, 0 3 2 20
t 5 -1 3
t, ]
Ne 100000 15 4
t, 20 x
MAC 0.50 >

104

05 -

0.0 \ . y - .

0.0 0.5 10 15 2.0 25
F

I3 FW_EXP( ) C ¥1 Y20 Y2-1 Y2-2 ¥2-3 Yiakd YPR
b) 0 0 0 7768698390 .3.6379267 0 811562588 -0.07112242 0 0
001  0.080853066 4455 6,065  7.345000831 -3.52608314 0795710927 -0.07012097  27.564 0275638322
002 0121308132 8,438 12131 6955842558 .3.42048644 0.780450567 -0.0631473 54515  D.515147
0.03 0181958198 12,005 18,198 6.507891757 -3.3206691 0.785778617 -0.06820027 72325  0.1232%1
0.04 0242612284 15207 24281  8.26818837 - 322620506 0.751€34465 -0.06727681 90405  0.904050681
0.05 0.30326533 18,087 30,327  5.98400517 -3.1367056 0.737900505 -0.08638189 106,110  1.0671
0.06 0363918396 20,882 36,392 5683012792 -3.0518157 0724847415 -0.06550857 119.748  1.197488561
0.07 0424571482 23,025 42457 5423049024 -2.9T121078 0712153104 006485791 131,588  1.315688543
C.08 0485224528 25,145 48,522 5182191508 -2.80450365 0.600803474 -0.06382005 141,863  1.418632894
008 0545877584  27.069 54588 4958714101 -2.6216922 0.68804584 -0.08302118 150,774  1.507730892
0.1 080853068 28,817 60,653 4751084658 -2.75225660 0.676502008 -0.08223345 158,487  1.584986158
011  0BE71BAT26 30,409 66,718  4.557347015 -2.68605788 0665512662 0.08148519 165,184  1.65183789
012 0727836792 31,863 72784 4377803785 -2.62288502 0.6547B8276 -0.06071566 170,968  1.709682351
0.13  0.788485858 33,104 78,849 4209801581 -2.56254418 0644403018 0.05998418 175965  1.759854074
0.14  0.849142024 34,414 84,914  4.052817823 -2.5C485675 0634341174 005927012 180,276  1.802757709
0.15 0.90979509 35538 90,980 2905529017 -2.44965790 0624587972 -0.05857285  183.987  1.839887825
018 0970449058 36,569 97,045  2.768300341 -2.39679585 0615129513 -0.0578918 187,175 187174805
017 1031102122 37524 103,110 3.83917639 -2.34612962 0.605952711 -D.05722639 189,906 189905527
018  1.091755187 38,407 109,176  2.51787204 .2.29752992 0597045233 -0.05657611 192238  1.922375789|
019 1.15R408253 39,225 115241 3403760612 -2.25087578 0.58839545 -005504044 194221  1.942709914
0.2 1213061319 29,988 121,308 3.208303345 -2.20605584 0579002385 -0.05531889 195900  1.958096204
0.21 1273714385 40,605 127371 3134962574 -2.18206655 0.571825672 -0.054711 197,312  1.973124573
022 1.334367451 41,358 133,437  2.00928204 -2.12151178 0.56388551 05411832 198492  1.984924224
023 1.395020517 41974 139,502  3.008838155 20816021 0.556162632 -0.05353444 199,489 199468997
024 1455673583 42,553 145,567 2923244863 -2.04315431 0548648262 005206483 200288  2.00267774
025 1518326649 43,006 151,833 2.842149947 -2.00609089 0.541334092 -0.05240741 200,919  2.009111194
026 1578979715 43,807 157,808 278523172 -1.97033858 0534212242 -0.0518615 201,419  2.014186153
027 1637632781 44,088 183,763 2892196062 -1.93583284 0.527275243 -0.05132685 201,807  2.018073395{
028 1698205847 . 44,542 160,828 2622773775 -1.90250771 0.520516003 -0.05080311 202,092  2.020924419
029 1758038813 44,979 175,804  2.558718207 -1.87030522 0.513927787 0.05028005 202,287 202256914
03 1519891079 45,377 181,050 249380312 .1.83917021 0.507504194 -0.04978705 202,402  2.024023230
0.31 1880245045 45,782 188,025  2.433820776 -1.80905088 0.501239139 -0.04020411 202449 2024487715
0.32  1.940808111 48,127 194,000 2376580227 -1.77989007 0.405128831 -0.04881084 202435  2.024351194
0.33 2001551177 48,474 200155  2.321905762 -1.75186901 0480161758 -0.04833685 202,360  2.023691448
034 2062204243 48,805 200,220  2.260635527 -172431809 C.483338667 -0.04787217 202258  2.022576792
035 2122857308 47,118 212286 2219620268 -1.69780613 C.477852555 -0.04741625 202107  2.021067233
0.36 2183510375 47420 218,351 2171722206 -1.67209538 0.472000648 -0.04696883 201,922  2.019215517
0.37 2244183441 47,707 224418 2125814023 -1.84715024 0.4B6672387 -0.04852097 201707  2.017068022
0.38 2304816507  47.981 230,482 2081777948 -1.62205721 (46136043 0D.04609913 201467  2.014865544
033 2365460673 48,244 236,547 2039504914 -150042468 0.458185621 0.04567621 201,204  2.012043982
0.4 2426122639 48,408 242812 1908883831 -1.57658276 0451116992 -0.04526097 200,923  2.009234935|
041 2488775705 48,737 249678 1.959850804 155438333 0.446150748 -0.04485321 200,627  2.006268223
0.42 2547428771 48969 254743 1.822288971 -1.53279974 0.441310258 -0.04445274 200,318  2.00316238
0.43  2.608081837 48,192 260,000  1.886127053 -1.51180678 0.436565048 -0.04405935 199,954 1999944897
C44 2668734903  49.408 268,873  1.851289742 14913806 0.431920792 -0.04387287 100,663  1.996832879
045 2729987969 49812 272,839  1B17706803 147149862 0427374302 -0.0432931 189,324  1.993243044
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2.850694101
2911347187
2.972000233
3.032653209
3.093308368
3.153950431
3.214612498
3.275265562
3.335918628
3396571694
3.45722476
3.517877826
3.578530892
3.635183858
3.699837024
3.78049009
3921143158
1.881796222
3942449288
4.003102354
4,08375542
4.124408486
4185061552
4.245714618
4.306387664
438702075
4427673816
4.488326882
4 548979048
4609833014
4.87028808
4.730939148
4.791582212
4.952245278
4. 312808344
4.97355141
5.034204476
5.094857542
5.155510608
5218183874
5.278818739
5.337489805
5388122871
5458775037
5.519429003
5.580082089
5.84073813%
5.701388201
5762041267
5.822694333
5883347398
5,944000485
6.004853531
0.065308597
6.125950863
6.150412729
8247265708
8.307918861
§.368871027
6.420224993
8.480878050
8.550531128
8.811184151
6.871837257
6.732490323
6.793143380
8.853796455
8.914449521
8.975102887
7.035755653
7.008408719
7.157081785

55 79
55,424
55,489
58,513
55,558
55,509
55,040
55,882
55,722
55,762
55,801
55,839
55.877
55,015

265,069
291,135
297,200
303.28%
309,331
315,398
321,481
az2v.527
333,592
339,857
345,722
351,788
357,853
383,918
360,984
378,049
382,114
388,180
394,245
400,310
406,376
412,441
418,508
424,571
430,837
438,702
442 767
445,833
454,808
460,963
487,029
473,094
479,158
485,228
491,280
497,355
503,420
500,408
515,551
521,818
527,882
533,747
539,812
545,878
561,943
558,008
584,074
570,138
570,204
582,209
588,305
504,400
80C. 485
508,531
812,508
818,881
824,727
630,792
638,887
842922
848,088
655,063
681,118
587,184
873,249
879,314
685,380
891,445
887,510
703,578
709,841
715,708

1.7540464 12
1.723850714
1.694672234
1.668480084
1.638170121
1.812755767
1.587176683
1.5682394174
1.538371854
1.515075483
1.492472857
1.470533573
1.449228998
1428532091
1.408417322
1.388880558
1.389838062
1.351330829
1.33331589
1.315774743
1208685734
1.282040849
1.265813748
1.24899232
1.234581372
1.219500644
1.204814557
1.190472178
1.178467174
1.162787793
1.140422818
1.138381533
1.123583718
1111109588
1.098868802
1.088055418
1.075267877
1.063828087
1.052830897
1.041666008
1.03092734
1.020407742
1.010100851
0.9999006854
0.9900008740
0.880301835
0.970873587
0.9615383
0.9562380815
0.843398108
0.93457332%
0.925925841
0.91743112
0.909090847
0.900900848
0.832857008
0.8848557 14
0.87710206
0.869585189
0.882008942
0.854700834
0.84745781
0.84033812
0.833333321
0.82044827
0.019672122
0.813008122
0.808451808
0.790996904
0.793850780
0.787401571
0.781245996

-1.43328271
-1.41480919
-1.38700058
+1.37953943
+1.36250424
-1.34580427
-1.32867952
-1.31385072
-1.29830428
-1.28329717
=1.26854707
-1.25413214
-1.24004108
+1.22628312
-1.2127879%4
-1.19960568
-1.18670684
=1.17408244
-1.1817238
-1.14082261
-1.13777082
-1.12818108
-1.11478579
-1.10363766
-1.09271082
-1.08198811
-1.07148331
-1.06119052
-1.05108387
-1.0411881
-1.03143758
-1.02188724
101251214
-1.0033078
-0.9942687
-0.985381 1
0.97867104
£0.98810376
-0.85068547
£.85141232
0.9432808
-0.9352867
0.92742715
-0.913868859
£0.91200778
0.90482157
-0 89728692
-0.8800309
0.58291065
0.87590343

0.8114p877
-0.80557542
-0.79973791
-0.7930844
0.7683130%
LQ.782712221
0.77724008
D.I71TT508
0.7584158
<0.78112888
0.755816868
0.75077437
0.74570157

0.418582531
0.414291512
0.4101068773
0.406005726
0 401985884
0.39804486
0.38418038
0.380380175
0.386672182
0.383024339
0.379444679
0.375931308
0.372482401
0.369096202
0.365771014
0.362505205
0.355297198
0.356145468
0.353048554
0.350005033
0.347013538
0344072747
0.34118138
0.338338203
0.33554202
0.332791078
0.330006053
0.32742407
0.324804877
0.32222688823
0.319669644
0.317192069
0.214733218
0.3123121514
0.309928129
0307580188
0.305267558
0.30206844
0.300745073
0.288533713
0.296354834
0.294207137
0.292090520
0.280004178
0.287547411
D.285919612
0.282020174
0.281548807
0230004034
0.278086168
0.270104458
0.274328277
0.272487147
0270870508
(.288076048
0.267108112
0.2653833
0.283840162
0.261939258
0.20028018
0.258802452
0.258005720
0.255349561
0.253753860
0.252177548

0 243117278
0.241670149

-0.04255305
0.04219243
-0.04183787
-0.04148922
004114834
-0.04080807
0.04047729
.04015088
-0.03882085
0.03851355
-0.03920242
-0.03888615
-0.038594683
-0.03828774
-0.0380054
-0.03771748
-0.03743389
-0.03715453
-0.03687921
-0.03860814
-0.03634083
0.03807759
-0.03561803
-£.03556219
-0.03530058
-0.03508132
-0.03481613
-0.03457435
-0.03433581
-0.03410073
-0.03388875
003383091
0.03341414
£0.03313138
0.03297157
<0.03275485
-0.03284087
003232027
-0.03212089
0.03181478
0.03171151
-0.0315108
0.03131282
-0.03111692
-0.03092284
<0.03073278
0.03054421
-0.03038797
-0.00017388
-0.029299221
-0.02981262
-0.02983818
-0.0294588
0.02920681
-0.02911524
-0.02804597
0.02877865
-0.02881328
002844675
-0.02828811
-0.02812829
-0.02797026
-0.027814
-0.02785348
0.02750867
0.02735583
<0.02720806
-0.02705819
0.02601183
0.02878724
-0.0286241
0.02848248

198,629
198,275
197,918
187559
197,198
198,838
198,477
196,117
195,758
195,401
195,048
194,692
154,341
193,983
193,648
193,305
152,588
192,830
192,297
191,968
191,643
191,321
181,003
190,888
190,377
190,070
188,768
189,488
189,170
188,878
188,589
188,304
188,022
187,744
187,470
187,199
186,932
188,688
188,408
188,151
185,867
185,846
185,399
185,155
184,915
184,877
184,442
184,211
183,982
183,758
183,534
183,314
183,097
182,883
182,871
182,482
182,256
182,052
181,981
181,653
181,487
181,283
181,072
180,883
180,607
180,812
180,330
180,151
179,973
179,798
179,625
179,453

Exampls 1

1.986287194
1.982745633
1.97917553
1.975585774
1971984154,
1.96837T52¢
1.984771911
1.981172587
1.957584174
1.954010724
1.5504 54753
1.94892233
1.942413119
1.939920422
1938476222
1.933052218
1.92945985
1.926300345
1.522074723
1.919683829
1.91842835
1913208834
1.910025703
1.906879272
1.903788754
1.80069724
1.697661%
1.894083509
1.591702M01
1.888777877
1.885890151
1.883038907
1.880223892|
1.877444822
1.874701387
1.871993252
1.869320001
1.886681443
1.884077009
1.881508361
1.858080088

1.844422448
1842108781
1.838821019
1.837584728
1.838337458
1.833130788
1.830968274
1.82882848)
1.826710015
1.82482141%
1.822550287
1820523204
1.8185%2762
1.818827587
1.814587189
1.812831208
1.510719398¢
1.508831 109
1.80098829T
1.803124318
1.803304.95'
1501507868

1.799732282
1.797970387
1. 79624584
1.784523703
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1.24

T7.217714851
7.278387917
7.339020983
7.399674048
7480327114
7.52098018
7 581633246
7.642286312
7.702939378
7.763552444
7.82424551
7.884838576
7.945551842
8.008204708
8.086857774
812751084
8.188162808
8.248816972
8.3054700348
8.370123104
8.43077817
8.491429238
8.552082302
8.812735388
8.673388434
8.7340415
8.794804566
8.855347632
8.316000698
8978653764
9.03730883
$.097359800
9.1588120862
9.219268028
9.279819094
§.34057218
9.401225228
9.481878292
9.522531357
9.583184423
9.643837489
2.704480555
9.765143821
9.825796887
9.BA8449753
9.947102818
10.00775589
10.06840885
10.12906202
10,1887 1508
10.25038815
10.31102122
10.37187420
10.43232738
10.49298041
10.55383248
10.81428054
10.87453081
10.73550268
10.79824574
10.85688881
1091755187
10.97820494
11.03885801
11.09951107
1116016414
11.2208172
11.28147027
11.3421234
11.4027764
1148342047
11.52408253

55.951
55,987
56.023
56,058
56,093
58,127
58,160
56,193
56,228
56,258
56,230
56,321
56,351
56,382
56,412
56,441
58,470
56,499
58,627
56,555
58,502
58,610
56,834

56,689
56,715
56,740
56,785
56,790
56,014

56,882
56 858
56,909

50,855
58,977

57,021
57,043
57,084
57,085
57,108
57127
57,147
57,187
57,187
57.207
57,226
57,248
57,266
57,263
57,302
57,320
57,339
87,387
57,375
87,392
87,410
57,427
57.444
57.481
57,478
57,404
57,510
57,527
57,543
57,559
57,574
57 580
57,808
57,820

7297711
727,837
733,802
739,967
746,033
752,098
758,163
764,229
770204
176,359
782,425
768,490
794,555
800.620
806,888
812,751
818,818
824,882
830,547
837,012
843,078
848,143
855,208
881,274
867,339
873,404
879,468
845,535
891,600
897 6685
903,73
909,796
915,881
921,927
927,992
934,087
940,123
948,183
952,253
958,318
964,384
870,448
78,514
982,580
988,645
284,710
1,000,778
1,008,841
1,012,808
1,018,872
1,028,037
1,031,102
1.037.187
1,043,233
1,049,288
1,058,263
1,081,429
1,087,494
1,073,550
1,079,828
1,085,680
1,001,758
1,097,820
1,103,888
1,109,961
1,118,018
1,122,082
1,126,147
1,134,212
1,140,278
1,148,343
1,152,408

0.775193785
0.769230787
0.783358776
0.757575758
0.751379838
0.748268655
0.74074074
0.735294117
0.729927008
G.72483768
0.71942448
0.714285714
0.709219858
0.704225352
0.699300699
0.694444444
0.889855172
0.884331507
0.680272109
0675875878
0.6711403939
0.866866667
0.682251656
0.857854737
0.553504771
0.849350649
0.84518120
0.841025841
0.6368342675
0.622911392
0628930618
0.625
0621118012
0.817283851
0813496833
0.8097580%8
0.608060806
0.602400830
0.598802395
0.586238096
0.58171507@
0.586235254
0.584795322
0.581395348
0.578034802
0.574712644
Q.571428571
0.568181818
0.504871751
0.561797753
0.558659218

0518134715
0.515483818
0.512820513
0.510204082
0.507014213

-0.74089686
<0.73575888
<.73088831
0.726807764
£.72133224
0.71864828
071202472
-0.70748046
-0.70295435
£.68850527
069411215
-0.68877335
-0.88548984
-0.68125822
-0.67707873
-0.8729502
-(.88887171
-0.68484236
-0.880868127
-0.65882757
-0.85304043
<0 64819901
0.845402%3
0.64185018
0.63794123
0.8342749
0.63085047
-0.82706723
<0.82352448
-0.82002153
-0.616855772
£.8131324
0.60974493
-0.80835488
-0.66308105
0.59980344
.59858128
0.50335204
0.59018082
0.58704188
0.58393582
0.568008228
357782111
0.57481163
057183333
-0.5688a8573
-0.56506837
0.56308076
0.5802225
-0.55739309
0.55459212
055181918
-0.54807378
0.546355a1
0.5436842
-0.54098918
-0.53836018
0.53674678
<1.53315881
0.53050835
-0.52805681
0.52554208
0.52305134
0.52058411
<0.51814008
-0.51571884
-0.51332018
~0.51094 387
-0.50858009
-0.50825811
-2.50354444
-0.50185378

- 33

0.240240148
0.23882697

0237430321
0.236049913
0 23468854482
0.233336695
0.232003343
0.230885142
0.229381838
0.228083174
0.226818M

0.225558805
0224312624
0.223080137
0.22188112

0.220855353
0.218482621
0.218282715
0.217115428
0.216960558
0.21481791

0.213687289
0.2125688508
0.21146133

2.210365725
J.209281386
3.208208128
0.207145842
0.20608434

2.205053458
0.20402304
10.203002925
0.20158296

0.200992905
0.200002882
0.199022475
0.198051834
0.197080218
0.198138092
0.18519512

0.194281172
0.193338118
0.192419834
0181512183
0.190813075
J.18872238

318883993

0.187965671
218700547

0.186241215
0.185380799
0.184548114
0.183713054
0.182888514
C.182088403
C.181252811
0.180447044
0.179648800
0.178857203
Q.178072741
Q177295131
0.178524282
0.175760108
0.17500252 1
0.174251438
0.173508773
172768447
0.172038377
0.171310485
0.1705900683
0.109870828
0168188104

-0.02634238
0.02620372
.02606653
-0.02593078
<0.02579641
-0.02568344
-0.02563183
-0.02540157
<0.02527262
40.02514498
-0.02501863
-0.02489353
-0.02478963
-0.02484708
-0.02452565
-0.02440543
-0.02428637
0.02416848
0.02405172
-0,02393609
-0.02382156
-0.02370813
-0.02358577
-0.02348447
-0.023314 2
-0.02326499
-0.02315878
-0.02304857
-0.02254335
<0.0228381
«0.02273382
-0.02203049
-0.02252809
-0.02242681
-0.02232604
.02222837
-0.02212758
<0.02202088
<0.02193283
-0.02183843
-0.02174108
=0.02184855
-0.02156284
-0.02145094
.021367584
0.02127652
-0.02118589
-0.02109622
-0.0210072
-0.02001894
<0.02083141
-0.Q207 4481
-0.02085853
0.02087317
<1.02048851
-0.02040454
-0.02032125
-0.02023865
-0.02015671
002007543
-0.01909481
0.01991483
0.01083548
-0.01875877
-0.01b&7088
-0.01980121
0.01982434
-0.01544807
0.0183724
-0.01929731
-0.01922281
-0.01914887

179.284
179,117
178,952
178,788
178,827
178,488
178,311
178,155
176.001
177,848
177,698
177.55Q
177,403
177,258
177.114
176,972
178,631
178,692
176,555
176,419
176,285
178,152
176,021
175.891
175,762
175,838
175,508
175,384
175,261
175,138
175,019
174,899
174,781
174,664
174 54%
174,434
174,321
174,209
174,008
173,088
173,870
173,771
173,684
173,558
173,454
173,351
173.248
173,147
173,048
172,947
172,848
172,751
172,654
172,558
172,403
172,389
172,278
172,184
172,003
172,002
171,913
171.824
171,738
171,849
171,562
171,477
174,382
171,308
171,224
171,142
171,000
170,979
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1.792842242
1.791170832
1.789519451
1.787887483
1.788274717
1.784880848
1.783105578
1.76154881
1.780000657
1.778488434
1.778984881
1.7T5438085
1. 774028377
1.772575332
1.77113867
1.769718137
1.768313483
1768924482
1.765830832
1.7841923158
1.762840803
1.761519843
1.7800205554
1.758903413
1.757619306}
1.78834702
1.735083348
1753843083
1.752811027
1.731391981
1.750188741
1.74809214%
1.747810988)
1.740842083
1.745488258
1.744340328
1.743207128
1.742045485
1.740975231
1.730876201
1.738780238]
1.7ITT11178
1.730044004
1.735680149
1.73454388
1.73350891
1.73248409%
1.731409288
1.730484384
1.72945015)
1.728483582
1.727T80T417
1.728540817
1.725383023
1.724834518
1. 723604962
1.722784248
1,721842248
1.720020848
1.720023929
1.719127383
1.718230065
1.7173589581
1.7184888%6
1.715622000
1.714788384
171391778
1713076784
1.742243338
1.711417318
1.710598036
1.709787134
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1.91 11.5847356 57.638 1,158,474 (497512438 049938388 0.163487158 -0.01907551¢ 170,898 1.7038829

192 11.6453B867 57,650 1,164,539  0.405046505 049713438 0167771012 -0.0190027 170,818 1.708155683)
1.93 11.70804173 57,665 1,170,804 0.452610837 -0.49490508 0.187080597 -3.01893044 170,740  1.707335382
194 11.7866548 57 680 1,176,668 C.490196078 049260588 016639584 -0.01885874 170,661  1.706612001
1.95 11.82734788 57.694 1,182,735 0.487804878 -0.49050592 Q.185716673 -0.01978757 170,584 1.7058354

1.98 11.88800083 57,708 1,188,800 0.4B5438893 -0.48833554 0.165043028 -0.01671884 170,507  1.705065506]
1.97 11 948654 87723 1,194,865 0.483001787 -0.48618428 (.164374838 -0.01864884 170,430  1.70430223%5
1.58 12.00930706 57.737 1,200,931  0.480769231 -0.4840519 0.163712038 -D.01857728  170.355  1.703545503
1.88 12.06996013 57,751 1,208,996  0.4784889 0.48193813 0."53054558 -0.0185082 170,280  1.702795228
2 12.13081319 57,765 1,213,081 0478150478 -0.47984275 0.15240234 -0.01843965 170,205 1702051332
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CHAPTER VI - YPR AND SSBPR Exarnpia 1

F YPR {t.=3) YPR (t_=5) Atat, =3, he maximum yieid per recruit:s 1.67 kg at F = 019, In contrast, f the

2] 0 0 t. =95, the maximum yield per recruit is 2.02 kg at an 7 = 0,31, an ircroese of 21%.
0.01 0.29222578 (.27583832 Interastingly, if t. ia sat to 1 years, maximum YPR is achieved at 2.38 kg with
0.02 0.53854801 051514704 F =2.0. Thus for fish species where M/X 13 small (0.5), substantially greater yields
0.03  0.7458011% 07232516 {about 40%} are realized by delayng sniy into the fishery.

0.04 091981043 0.9C405068
0.05 1.06552529 1.0811003

0.06  1.18716016 1.19748656

0.07 128830298 1.31588854 25 -

0.08 137200809 1.41863269 ] R
009 144088105 150773989 3 =3
01 148713621 158486618

0.11 1.5426642¢ 1.65183789
0.12  1.57907813 1.70068235
0.13 180774519 1. 75985407
0.14  1.62984283 1.80275771
0.15  1.84636821 1.83986783
0.1  1.85817381 1.87174605
0.17  1.68598709 1.8990553
018 1.6T042689 192237579
0.19  1.87202917 1 94220081
0.2  1.67124028 19589982
0.21  1.66844841 1.97312457
0.22  1.86398322 1.98492422
0.23  1.85812611 1.99468097 00 :
D.24 1.65111728 2.002877TM1 o v T T
026  1.84316158 2.00911119 oe 05 10 '3 20 25
0.26 18344338 2.0141881% Fishing Mortality

0.27 162508325 2.01807388
0.28  1.81523885 2.02002442
0.29 180500225 202286914
0.3 1.55447208 2.02402324
0.31  1.58372432 2.02448772
0.32  1.57282538 2.02435119
033 156183141 2.02389148
0.34 155079005 2.0225767%
0.35  1.53974137 2.02106723
0.36 152871911 2.01821582
037 151775157 201706802
038 150688232 2.01466554
0.39 149607087 2.0120439Q
0.4 48539366 2.00923483
0.41 147484362 2.00626622
042  1.46443154 2.00316235
0.43 145418597 1.0599440
0.44 144405382 199883288
0.45  1.43408961 1.99324304
048 142430778 1.58979018
0.47 14148807 1.9862072
C.48 140522013 1.98274563
0.4  1.3950260 1.97917584
05  1.38680118 1.97558878
0.5t  1.37784255 1.97198415
0.52  1.38905007 1.96837753
0.53  1.30042243 1.964T7181
0.54 135198794 1.9891725%
0.55  1.34385483 1.95758418
0.56  1.33581033 1.98401073
0.57  1.32752263 1.9604557%
0.5 1310680  1.94892233
0.59 131200679 184341312
0.8 1.30447325 1.93993042
081 129708557 1.93847822
0.82  1.28964089 1.93305222
0.63 128273632 1.92065085
0.84 127578898 1.92630034
065  1.2689380 1.92297472
0.68 126223425 1.51968333
067  1.25588112 1.01842835
0.88  1.24821367 1.91320883
0.80 1.24288807 1.9100257
0.7 1.23660454 1.90887927
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o7

1.23089735 1.90378975
122482478 1.90069728
1218768419 1.8976819
121301298 1.8946638
120736861 1.8917023
120182858 1.88677788
1.19639043 1 88539015
1.19105179 1.88303801
1.18581033 188022389
1.18066375 1.87744482
1.17560%84 1.67470138
1.17064842 1.87193325
116577138 1.86932008
1.160982685 1.86688144
1.15627821 1.864077(1
1.15165811 1.96150638
1.14711442 1.85896909
1.14265129 1.85648477
1.1382649 1.85399298
1.13395349 1.85155329
112971532 1.84914526
1.12554873 1.846765848
112145208 1.84442245
1.11742379 1.84210672
1.11346229 1.83882102
110856681 1.83756472
1.10573374 1.83533748
1.10196378 1.83313879
1.09825484 1.830096827
1.094805566 1.8288254%
1.08101462 1.82671002
108748074 182482142
1.084002687 1.82255929
1.0805792 1.8205232
1.07720914 1,81851278
107369134 181652758
1.07062487 1.8145871%
1.06740805 1.81283128
1.0842404  1.0107154
106811207 1.8088312
1.05804793 1.80689663
1.0550211 1.80512432
1.05203928 1.8033048
1.04910147 1.80150787
1.04820682 1.79873228
104335443 179797839
1.04054343 1.79624584
103777298 17945337
103504225 1.79284224
1.03235045 1.79117093
1.0206968 1.780815458
1.02708083 1,78788748
1.02450081 1.78627472
1.0219672 1.78488086
1.0184487 1.73310558
1.01687473 1.78154881
1.01453481 1.78000968
1.01212760 1.77848843

1.00509979 1.77402838
1.00281942 177257533
1.0005892 1.77113867
0.98634858 1.76971814
0.989615095 1.78831348
0.58308383 1.76602448
0.99185888 1.76555083
0.98975088 178419238
0.98787022 1.,7828488
0.585601583 1.76151994
0.98358781 1.75020555
0.9815848 1.75880541
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0.97960703
0.97765387
0.97572488
0.97381962
0.97193788
0.97007865
0.96824213
0.986842774
0.96463508
0.98286379
0.961113%
0.95938385
0.9576745
095508508
0.954315314
095266481
0.9510332¢9
0.94942041
(.34782589
0.946249042
0.9445907
0.94314844
0.94182537
0.94011821
0.83862768
0.93715383
0.93588549
0.93425331
083282874
0.93141553
0.893001945
0.92863828
092727173
0.92591064
0.92458177
0.9232579
0.92194781
0.9206511
0.91838818
0.51808823
0.591884128
0.815597048
0.9143855

© 0.91314833

0.9110304
0.91074452
0.50958182
0.90839023
0.80723048

0.8080821
0.904 94494
0.90381883
0.90270382
0.90158918
0 80050529
0.89942188
0.89834874
0.59728578

1.75¥681931
1.75634702
1.75508835
1.75384308
1.75261103
1.75139198
175018575
1.74899215
1.74781099
1.74664208
1.74548526
1.74434033
1.74320713
1.74208548
1.74097523
1.7388782
1.73878324
173771117
1.73664488
1.73558915
1.73454208
1.73350881
1.73248409
1.73146829
1730458435
1.72848915
1.72848355
1.72750742
1.72854082
1.72558303
172463451
1.72389496
1.72278425
172184228
1.72092885
1.72002393
1.71912738
1.7182381
1.7173585¢
1.71848808
1.7158227
171476638
1.71391778
1.71307678
1.71224334
1.71141732
1.71050864
1.70978719
1.7089829
1.70818508
1.70735538
1.706812
1.7056354
1.70506551
1.70430223
1.7035455
1.70279523
1.70205133
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CHAPTER VI - YPR AND SSBPR Example 2

Evaluate the sffects of increasing size at entry frem 50 to 100 cm in 10 cm increments on the
yield and SSB of an ideaiized roundfish being harvested by both trawls and gillnets. For traws,
assume tha steepness of the LCDF curve is 0.33. For gilinets, assume the standard deviation
of the NPDF is 5. The specifications for the idealized roundfish used in this analysis are:

L= 100
w_= 10
K= 0.
a = 0.00001
b= 1
ate 1
S1= 3
M= 0.
Characteristics of the roundfish can be determined using the following equations.
LLength L =L, (1 - e-x;)
Maturity P= (1+ e-al-(r-m))—l
Number N =N, wpg ™M

Based on these values, the charactenstics of the individuals and the cohort of idealized
roundfish are shown in the figures below.

A2-38



CHAPTER V! - YPR AND S$SBPR

Example 2

Age Length Waight Maturity Number Biomass Spawning
{unfished) biomass

Q 0 0 0.047425873 1000 0 0

1 18.12692469 0.059562428 0.119202922 B818.7307531 48.7655914 5.813000984
2 329679954 (.358325423 0.268941421 670.320046 240.192714 64.59776998
3 45.11883639 0.918488382 0.5 548.8116361 504.077117 252.0385587
4 55.06710359 1.669847083 0.731058579 449.3288641 750.31066 548.5210448
5 63.21205588 2.525804578 0.880797078 367.8794412 929.191577 818.4292257
& 69.88057881 3.412475017 0952574127 301.1942119 1027.81772 979.0725704
7 75.34030361 4.276437192 (0.98201379 246.59696839 105455643 1035.588855
8 79.8103482 5.083673109 0.993307149 201.896518 1026.3759 1019.506518
g 8347011118 5815579217 0997527377 165.2988882 961.308779 958.9318246
10 86.46647168 6.464623148 0.999088849 135.3352832 874.891605 B874.0945337
11 88.919684168 7.030621766 099966465 110.8031584 779.015097 778.7538541
12 90.92820467 7.517887955 09939876605 80.71795329 682.007408 681.9232523
13 92.57264218 7.633192236 0.999954602 74.27357821 5809.226574 589.1998244
14 93.91899374 B8.284385359 0.999983299 60.81006263 503.773993 503.7655788
15 9502129316 8.579516416 0999993856 49.78708837 427.14897 427.1463458
16 959237796 8.828303311 0.99999774 40.76220398 359.779578 359.7787627
17 896.662673 9.031843452 0.999999168 33.37326996 301.42215 301.4218991
18 97.26762776 9.202481908 0.999999694 27.32372245 251448061 251.4456845
19 §97.76292281 9.343778432 0.999999887 2237077186 209.027538 209.0275121
20 98.16843611 946053327 0.999999959 18.31563889 173.275711 173.2757038
21 98.50044232 9.556844995 (0.999999985 14.99557682 143.310403 143.3104011
22 98.77226601 9.636183289 0999999994 122773399 118.306698 118.3066969
23 98.99481643 9.701465953 0.999999998 10.05183574 97.5175422 97.51754204
24 89.1770253 9.755133877 0.999999999 B8.229747049 B().2822842 B80.28228417
25 99.3262053 9.7992205629 1 6.737946999 66.0266286 66.02662854
26 99.44834356 9.835414363 1 5516564421 54.2576969 54.25769693
27 89.54834191 9.865113635 1 4516580943 44.5565842 44.55658424
28 99.63021363 9889473809 1 3.697863716 36.5699264 36.56992637
29 99.69724453 9909448063 1 3.027554745 30.0013965 30.00139851
30 99.75212478 9.925821609 1 2478752177 24.6038519 24.60365102

An individual idealized roundfish reaches an asymptotic length and weight of 100 cm and
10 kg respectively. Maturation is assumed to ocour rapidly, with 50 percent of the cohort
mature at an age of 3 years and a length of about 45 cm. Based on an initial cohort of 1000,

the number of individuals in the unfished cohort is reduced to about 5 percent of the initiat

number by the age of 16 years, although the model is extended to an age of 30 years when
only a single fish remains. Biomass of the cohort peaks at an age of 6.3 years and an

individual fish length of 75 cm.
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Length vs Age
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CHAPTER V! - YPR AND SSBPR

The LCDF and NPOF for size selection are shown in the figures below. The L 55 for the

LCDF ranged from 50 to 100 cm and a representative steepness of 0.33 is specified. The

L .3 ranged from 50 to100 cm, and a representative standard deviation of 5 is specified.

Example 2

PL, for Lss
Length 50 60 70 80 80 100
0 6.8256E-08 2.5175E-08 ©.28533E-11 342472E-12 1.2631E-13 4.065888E-15
5 3.55408E-07 1.31086E-08 4.83485E-10 1.78325E-11 6.577T2E-13 2.42587E-14
10 1.8506E-06 6.8256E-08 2.5175E-09 9.28533E-11 3.4247E-12 1.26315E-13
15 9 63595E-08 3.55408E-07 1.31086E-08 4.83485E-10 1.7832E-11 6.5771BE-13
20 5.01722E-05 1.8506E-068 6.8256E-08 2.5175E-09 9.2853E-11 3.42472E-12
25 0.00026119 9.63595E-06 3.55408E-07 1.31086E-08 4.8348E-10 1.78325E-11
30 0.00135852 5.01722E-05 1.8506E-06 6.8256E-08 2.5175E-09 9.28533E-11
35 0.007033587 0.00026119 9.63595E-06 3.55408E-07 1.3108E-08 4.83485E-10
40 0.035571189 0.00135852 5.01722E-05 1.8506E-06 6.8256E-08 2.5175E-09
45 0.16110895 0.007033587 0.00026118 9.63595E-06 3.5541E-07 1.31086E-08
50 0.5 0.035571189 0.00135852 5.01722E-05 1.8506E-06 6.8256E-08
55 0.83885105 0.16110895 0.007033587 0.00026119 9.636E-06 3.55408E-07
60 0.964428811 0.5 0.03557118% 0.00135852 5.0172E-05 1.8506E-06
65 0.992966413 0.83889105 0.16110895 0.007033587 0.00026119 9.63595E-06
70 0.99864148 0.964428811 0.5 0.035571189 0.00135852 5.01722E-08
75 0.99973881 0.992966413 0.83889105 0.161108385 0.0070335¢ 0.00026119
80 0.999949828 0.99864148 0.964428811 0.5 0.03557119 0.00135852
85 0.899990364 0.99973881 0.9929664413 0.83889105 0.16110895 0.007033587
80 0.990008149 0.999940828 0.99864148 0.964428811 0.5 0.035571189
95 0.999999645 (.999990364 (.99973881 0.092966413 0.83889105 0.16110895
100 0.990909032 0.999998149 0.999949828 0.99664148 (.96442881 0.5
108 0.999999987 0.999999645 0.999990364 (0.99973881 0.99296641 0.83889105
110 0.999999997 0.999999932 0.999998149 0.999949828 0.99864148 0.964428811
115 1 0.9999999387 (.999999645 0.999990364 0.99973881 0.992966413
120 1 0.999999997 (.999999932 (.999998148 (.999940983 0.89864148
Trawl Capture Probability
1.0 - ’
0.8 -
£ 06
a !
2 1
g 04 -
a
0.2 -
0.0 . U
0 20 40 60 a0 100 120 140
Length {cm)
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Example 2

PN, forl s
Length 50 80 70 80 a0 100
0 1.92875E-22 5.38019E-32 2.74879E-43 2.57221E-56 4.4085E-71 1.3839E-87
5 2.57676E-18 S531108E-27 2.00501E-37 1.38634E-49 1.7557E-63 4.07236E-79
10 1.26642E-14 1.92875E-22 5.3B019E-32 2.74879E-43 2.5722E-56 4.408683E-T1
15 2.28973E-11 2.57676E-18 5.31108E-27 2.00501E-37 1.3B63E-49 1.75569E-63
20 1.523E-08  1.26642E-14 1.92875E-22 5.38019E-32 2.748BE-43 2.57221E-56
25 3.72665E-06 2.28973E-11 2.57676E-18 5.31109E-27 2.005E-37 1.38634E-49
30 0.000335463 1523E-08 1.26642E-14 1.92B75E-22 5.3802E-32 2.74879E-43
35 0.011108997 3.72665E.06 2.28973E-11 2 57676E-18 53111E-27 2.00501E-37
40 0.135335283 0.000335463 1.523E-08 1.26642E-14 1.9287E-22 5.38019E-32
45 0.60653066 0.011108997 3.72665E-06 2.28973E-11 2.5768E.18 5.31109E-27
50 1 0.135335283 0.000335463 1523E-08 1.2664E-14 1.92875E-22
55 0.60653066 0.60653066 0.011108997 3.72665E-06 2.2897E-11 2.57676E-18
60 0.135335283 1 0.135335283 0.000335463 1.523E-08 1.26642E-14
65 0.011108997 0.60653066 0.60653066 0.011108997 3.7267E-06 2.28973E-11
70 0.000335483 0.135335283 1 0135335283 0.000335468 1.523E-08
75 3.72665E-06 0.011108997 0.60653066 0.60653068 0.011109 3.72665E-06
80 1.523E-08 0.000335483 0.135335283 1 0.13533528 0.000335483
85 2.28073E-11 3.72665E-06 0.011108997 0.80653066 0.60653066 0.011108997
g0 1.26642E-14 1.523E-08 0.000335463 0.135335283 1 0.135335283
g5 2.57676E-18 2.28973E-11 3.72665E-06 0.011108897 0.606530668 0.60653066
100 1.92875E-22 1.26642E-14 1.523E-08 (.000335463 0.13533528 1
105 5.31109E-27 2.57676E-18 2.28973E-11 3.72665E-08 0.011109 0.80653066
110 5.38019E-32 1.92875E-22 1.26642E-14 1.523E-08 (0.00033546 0.135335283
115 2.00501E-37 5.31109E-27 2.57676E-18 2.2B8973E-11 3.7267E-08 0.0111089%7
120 2.74879E-43 5.38019E-32 1.92875E-22 1.26842E-14 1.523E-08 0.000335463
Gill Net Capture Probability
1.0 .
=50
0.8 |—-—60 '
o |
Zos, —w
£ | e ()
3 —100
o4 /%
o
0.2 4
0.0 . . . '
0 20 40 60 80 100 120 140
Langth (cmy)




CHAPTER Vi- YPR AND SSBPR Example 2

Use the spreadsheet program in worksheet Example 2 - cont'd.
Insert parameter values for the roundfish in the appropriate places.

Run the program for each value of Lsgand L, (50, 60, 70, 80, 80, and 100 cm) using
F values 0f0.1,0.2,0.3,04,05,10,1.5 2.0, 25,3.0,3.5, and 4.0.

For each vaiue cf F, copy the YPR/SSBPR row (cells J26 1o M28) and Paste Special as Values
in the matching £ row below (cells D65 to D77 for 50 cm; D81 to D93 for 60 cm;
D97 to D109 for 70 cm; K65 to K77 for 80 cm; K81 to X93 for 90 cm; K97 to K109 for 100 cm).



CHAPTER VI - YPR AND SSBPR

Exampla 2

Yleid Per Recruit Model standard gaviaton = 5 Example: Lg and L o = 100 ¢m and
stegpness = 0.33 F =00
Age Licm) Wikg) p N, Biomass  SSB Gil Trawd Yax  55Bpa  Yiew  55Brme Nog  Neow
a o0 00 305 1000 0 [l 0.000 D.000 0 0 i Q 100 1003
1 18 0.1 012 819 49 5 0.000 0.000 0 8 a 8 819 gre
2 330 04 0.27 670 240 85 0.000 0.000 0 85 Q BS 670 87¢
3 481 09 050 549 504 252 0.000 0.00C i 252 o 252 543 548
4 551 17 0.73 449 750 549 0.000 0.000 J 549 0 549 4493 444
5§ 832 25 088 368 929 818 0.000 0.000 ! 818 a 818 368 368
6 699 34 085 3 1028 979 0.000 0Q.000 0 979 ! 979 Kloki 307
7 753 43 088 147 1055 1036 0.000 0.000 0 1038 a 1038 247 247
8 798 541 0.9 202 1028 1020 0Q.000 0.0C1 0 1020 Q 1020 202 202
9 835 5.8 1.00 165 961 358 0.004 0004 Q ase Q 959 165 165
10 885 65 100 135 875 a74 0.028 G.011 0 &74 0 a74 135 135
11 888 7.0 100 M 778 778 0.088 0025 0 779 0 779 111 141
12 908 75 1.00 N £82 682 0193 0.048 0 682 0 682 91 g1
13 526 79 1.00 74 588 569 0332 0.07% 0 588 0 589 74 74
14 939 83 100 81 504 504 0.477 0118 0 504 0 504 81 81
15 850 886 1.00 50 427 427 0.609 0.162 0 427 0 427 50 50
16 858 88 100 41 360 380 oMT o02m o 380 Q 3680 41 41
17 967 80 1.00 33 301 agt 0.800 0.249 0 301 o 301 33 K]
18 973 8.2 1.00 27 251 251 0.361 0.289 0 251 a 251 7 27
19 978 9.3 1.00 22 209 209 0.50% 0.323 0 208 0 209 2 22
20 98.2 9.5 1.00 18 173 173 0935 0.353 s 173 0 173 18 18
Yiald/S58 0 10832 0 10832
YPR/SSEPR 0,000 40.8%2 0.000 10.832
Maturity Operators:
B, =(1+g T2t
al 1
LA 3
50 cm —_— 80 em
F Yoz 55608 Yrem  5SBngw F You  558gm Y Trovi SSBmw
0 0 10832 0 10.832333 0 0 10.832 Q 10.83233
0.1 00769 9828 0.731685 6.510113 0.1 031226 91876 05035811 8.901229
02 01461 8.5834 1.001873 4451158 0.2 G.55162 79712 07648972 7T.77362
03 02061 7.8222 1.116154 13335448 03 073743 70449 0917540 70567423
0.4 02808 E.7809 1.180429 26801963 0.4 088237 8.3407 10168577 6566159
05 0311 8054 1.196 2221 0.5 C.9686  5.801 1.088 8.210
1 0514 3488 1215 1.204 1 1263 4404 1280 5.274
15 0856 2000 1.202 0.989 t5 1.387 3.048 1.34 4,840
2 0754 1205 1187 0.840 2 1443 408 1.378 4.574
25 0821 0873 1174 0.751 25 1.487  3.562 1.404 4.388
3 0.888 0838 1.182 0.881 3 1482 2457 1.424 4.242
35 0900 08507 1152 0.848 s 1492 2378 1.429 4,127
4 0923 0432 1144 0.811 4 1499  3.310 1.451 4031
60 cm 50 cm
F You S5Bom Yraw SSBrrgui F Y ™ Y Trawt S5t
[+] 0 10832 0 10.832333 q 0 10.832 0 10.83233
0.1 01355 9.4504 0.708588 7.1858401 0.1 037698 9.4277 0.2037036 9.540451
02 (2491 8.2855 0.999488 5.3247729 02 061377 85154 04763017 9.32048
0.3 03483 72482 1142221 4.2818189 03 0.7687 7.8009 05077309 B.870427
0.4 04381 63772 1220702 3.6295501 04 087445 7.4878 06835352 8.530318
05 0520 S&20 1.2688 3.190 0.5 0980 T.182 0.748 8.264
t 0.821 3198  1.354 2185 1 1134 8348 0.925 7.475
1.5 0998 2045 1288 1.82%5 15 1210 5588 1.015 7.057
2 1.000 1.488 1.372 1.629 2 1255 5783 1.072 8.781
25 1158 1208 1.3 1.504 25 1285  5.807 1.113 a.577
3 1.194 1.058 1348 1.415 3 1307 5487 1144 8.418
35 1215 0977 1384 1.347 s 1324 5391 t.169 5.284
4 1228 0.929 1356 1.293 4 1338 5311 1,190 §.172




CHAPTER V! - YPR AND S58PR

Example 2

70 em “0C cm
F Yon SSBog  Y-em S5Brpwm F ¥ aa SSBoa Y vt SSBrm
0 0 10.832 0 10.832333 ] 0 10.832 0 10.83233
0.1 02148 92833 0.83542 79612185 0.1 018082 10397 Q0.0615468 10.89679
0.2 03823 0.0344 0930030 6.4274393 0.2 0.30559 10.081 0.1158111 10.57169
0.3  0.5435 7.0033 1.088049 55154843 03 03952 9.7975 O0.1634606 10.4559€
04 06729 61577 1.183494 4.9220878 04 046201 9.5852 0.2080649 1034885
453 0.783 3.463 1.247 4509 05 0.514 g.411 0.244 10.249
1 1135 3438 1.38% 3.507 1 0.881 8.858 0.386 9.841
15 1283 2827 1.433 3.092 15 0.737 8.548 0.478 9.540
2 1385 2.287 1.458 2854 2 0.787 8338 0.542 3.308
25 1400 2.084 1.488 2.694 25 0.824 B.184 0.590 8.122
3 1.417 1978 1.477 2.577 3 0.853 8.081 0.628 A.967
35 1427 1902 1.483 2.485 a5 0877  7.980 0.658 8.838
4 1.432 1848  1.488 2.411 4 0.897 7.874 0.688 8.722
GILLNET
16 -
x
a
>
0.0 T ’ v v
.0 1.0 2.0 a0 4.0
Fishing Mortaiity (F)
———§(  — 70 ) e—) —100
GILLNET
0.0 T T Y 1
0.0 1.0 20 3.0 40
Fishing Mortallty (F)
=50 —=—60 70 —80 -—80 —100 |




CHAPTER V| - YPR AND SSBPR Example 2

TRAWL

YPR

0.0 4 T T T 1
0.0 1.0 2.0 3.0 4.0

Fishing Mortality (F)

2 [—so — 50 70 — 80 ——80 -——100]
TRAWL
10.0
8.0
E 504
a
7]
- W
4.0
2.0 ST T
0.0 . r T .
0.0 1.0 20 30 4.0
_ Fishing Monrtaiity (F)
——5)  =—F0 70 —=80 =90 —=100 |

PR value which will give a parcentage. This will reats a grid of dats points of percentages that can then be

rha""»fpn' and SSBPR graphs can be transformed Into isopieth dlagrama by taking the YPRMAX and dviding by any
other Yl
contoured.




CHAPTER VIl - PRODUCTION MODELS

Consider the following time serles of catch and effort for a trawl fishery. Datermine the MEY for this flshery by
fitting the Fox model. Recommend a level of effart to achlave MEY.

Year Catch Effort
1988 50 823
1989 49 828
1980 475 520
1891 45 513
1982 51 681
1693 56 91e
1994 68 1158
1908 58 1870
1998 52 1317
FOX MODEL There are 2 methods to calculate the slope and y -intercept;
Linsar Regression {1) Go to Tools, Data Analysis, Regression, select the input and
output ranges, then dick OK. The two numbers that are important
Yoar Catch Effort CPUE In (CPUE)|are the X variable 1 which is the slope and intercept which is the y -
1988 50 823 0.0803 -2.52252 Wintercept.
1989 a9 628 ¢.078 -2.55072
1990 47.5 520 0.0913 -2.3931 [{2) Selsct the data series on the graph, right click, and choose Add
1991 45 513 0.0877 -2.43381 |Trendline. Chouse "linsar” for the Typs. In the Qptions tab, dlick
1992 51 681 0.0772 -2.56193 |"display aquation on chart,”
1983 58 919 0.0608 .2.79793
1994 66 1158 0.057 -2.8847%
1995 58 1970 0.0294 -3.52535
1998 52 117 0.0395 -31.23187
2 v —_ v v !
] 500 1000 1500 2000 2500
-2.2 4 1
24 4
26 4
Tos
£
£
| 3z
! 3.4 4
o 38
| -asd
] o
e e |
From Tools, Data Analysis, Regression;
Ragression Statistics
Multiple R 0.982046858
R Square (1.96618452
justed R Square 0.98135373
Standard Error 0.076176803
Qbservations 9
JANOVA —
df 5_ MS_ F Significance F
Regression t 11605808 1.1808 200.0058 2.09715E-08
Residual T 0.04081951 0.0058
[Totat 8 1.20121041
Coefliclents Stanard ErTo, { Sisi__ Povalue _ Lower 95% _ Upper 95%Lower 95.0% _ Upper 95.0%
intercapt -2.039817 0.05719788 -3588 3.54E.09 2. 1750687971 -1.90457 -2.1TS06797T1 1004586141
X Variable 1 0.00078% 55515E-05 -14.14 2.1E-08 -0.000916381 -0.00085 -0.000916381 -0.0008538384]

Exarnpie 1



CHAPTER Vil - PRODUCTION MODELS

Before Solver Afler Solver
Year Catch Effot  CPUE Calth,y  {(YouuYosdd  Catthoms  (Yoos Yo
1989 50 623 0.0803 4968019 0.102276255 4049648 0253552518
1989 49 628 0.078 49.88271 0.779175349  49.69921 (0.4885801314
1980 475 520 0.0913 4495918 65455784376 4477458 7428012778
19914 45 513 0.0877 4459839 0.181293202 44.41402 0.343375483
1992 51 681 00772 51.161M 0.025953514 5097959 0.000418453
1993 56 318 0.0609 S58.08768 4.358400548 57 941 3.7674958895
1994 66 1158 0.057 6067182 28.3916862) 6057596 29.42026297
1995 58 1970 0.0294 54 568029 11.83160867 54 65043 1121963268
1996 52 1317 0.0395 B80.90441  79.28855109 6084584 78.26659198
131,3947273 131.1882451
Non-inear regression can be calculated using the vaiues
cbtainad from the linear regression as initial parameter
[valuss, and then using Sotver lo adjust those values to
[NON-CINEAR REGRESSION
Balora After
[ -2.039817] -2.0459094]
d 0.0007851] 0.00078113
o gra curve, craale a senes of x values
(effort) and calculate y (catch} using the generalized Fox
X ¥
: : {
100 11.953899 *
200 22111358] | 60 |
300 30674851 *
400 37.8268574] 50 4 *
500 43.730339 |
800 48.533309
00 s237%81} § 40
800 55.351612 a
200 6750163 |: 301
1000 59.182311]°
1100 60208883 20 4
1200 60.745005
1300  60.884313] 19
1400 80821018
1500 80.070641 0 . . . . -
:% gggggg? 0 500 1000 Emort 1500 2000 2500
1800 57.025744| 77
1900 . 55670852
2000 54197603
2100 52.831433
2200 50.994625
[ Caiculate /ey = 1/0 a0 ¥ gy = (17d)'0 " V.|

Ty

1280.1%

Y wary

80.97

Exampla 1



CHAPTER Vil - PRODUCTION MODELS

FOX
Microsoft Excel B.0a Answer Report

Workshest: [ProductionExamples.xis]Fox (2)
Report Created: 11/23/98 11:32:31 AM

Target Cell {Min)

Cell Name Original Value Final Value

$G$13 (Yos-Yored): 131.3046451 131,188245

Adjustabte Cells

Cell Name Original Value Final Value
$F$19 c -2.039824532 -2.04598982
$F$20 d 0.000785088 0.00078113
Constraints

NONE

Example 1



CHAPTER VIl - PRODUCTION MODELS

Consider tha following time saries of catch and effort for a trawl fishery, Determing the MEY for this
fishary by fitting ths Schasfer modal. Recommend a level of sffort to achleva MEY.

Vaar Caich Effort
988 50 823
1989 48 628
1990 475 520
1991 45 513
1992 51 661
1993 58 919
1994 66 1158
1995 58 1970
1996 52 1317

SCHAEFER MODEL

JThere are 2 methods 10 calculate the slope and y-intercept:

JLinsar Regrassion (1) Go to Toals, Dats Anatysis, Regression, selact the input and
output ranges, then dick OK, The two numbers that are important
Year Catch Effort CPUE  Jara the X vanabla 1 which is the slope and intercept which ig the y -
1088 50 823 0.080256821intsrcep(.
1988 49 628 0.07802548
1900 47.5 520 0.09134515[{2) Seiect the data seres on the graph, right click, and choose Add
ta91 45 513 0.0877193 |Trandline. Choose “inear” for the Type. In the Opticns tab, click
1992 51 661 0.07715582 | display equation on chart.”
1993 56 919 0.0600358
1904 66 1158 0.05659482
1985 58 1970 002944162
1968 52 1317 0.03948368
Q.10 +
0.00 4 y & -4E-05x + 0.1053
0.08 4
0.07 4
0.08 4
[}
T 005
[+]
0.04
0.03 4
0.02 4
0.01 4
a00 v ¥ v v \
0 500 1000 1500 2000 2500
Effort
From Tools, Data Analysis, Regression:
R Statistics
Multipie R 0.98323494
R Square 0.92782158
JAdjusted R Square 0.91751034 .
Standard Ermor 0.00819904
Observations 9
LANOVA _ _
33 _ MS_ F____ Significance F
Regresaion 1 0.00345783 (.00345783 29590818487 3.0265E-05
Residusl 7 D.000268 2.8428E-05
Total 8 0.00372683
CooliCients Standard Emo. . { Siat Povalu®  LOWSr G5 % Uppor?é-% Lower 95.0% 95.(2!?|
intercept 0.10838189 0.00485482 22 8550379 7.7788E-0B (.08537516 0.11738802 0.09537516 0.11733801t
X Varisble t -4285E-08 45177E-08 -5.4858763 3.0285E-05 -3 217E-05  -5.354E-06 -1.21715E

Exampla 1



CHAPTER VIl - PRODUCTION MODELS

Non-linear Regression Y = af - b’
Hefore Sciver Alfter Solver
Year Catch Effart CPUE Calchm (Yo Vome)  CoMCNy (Y ipa Y orea)”
19488 50 623 0.08025682 8290868556 1082.97961 46.8425821 9.96928776
1989 49 628 0.07802548 83.7088187 1204 68803 471057779 358807753
1990 475 520 0.09734615 669081798 376.599814 41.0213204 419732008
1991 45 513 00877193 65.8516305 434.790497 40.5980523 19.3771437
1992 51 861 0.07715582 B9.042084 144720002 487978424 4 84049789
1993 56 918 0.0609358 132957585 6077.38667 593.3308868 11.0948054
1954 &8 1158 0.05699482 180.655706 13145931 64.8231022 1.38508833
1995 58 1970 0.02044182 375884264 101050.405 52.8393972 26.8318211
1996 52 1317 0.03948368 214 434544 28384 9811 66.2048537 201772185
151204983 320.841197
MNon-Hinear regression can be calculated using the values cbiained
from the linear regressicn as initial parameter vaiues, and then
using Solver to adjust those values to provide the best fitting
[NON-UINEAR REGRESSION
Bafore Afer
a 0.10838158 0,09755879'
b -4.285E-05{ 3.5807E-05]
o grap cuUrve, creats a seres of x values (affort) and
calculate y (catch) using the genaralized Schaefer Model ¥ = af -
X V4
0 0 70 -
100 9.40
200 18.08 60 4 *
300 26.04 .
400 33.28 50 - ¢
500 39.80 4
600 45.51 40 +
T00 50.70 3
800 507 < 30
900 58.72
1000 81.65 20 4
1100 83.87
1200 65.38 ' 19 4
1300 66.14
1400 86.2G 0 Y T T 1
1500 8555 o 500 1000 1500 2000 2500
1600 84.17 Effort
1700 62.08
1800 59.27 -
1900 55.74
2000 S5t.49
2100 48.52
2200 40.54
I Calculate fiey = 8720 and ¥ gy = 84D |
Tugy 1358.40
Y uay 8827




CHAPTER Vil - PRODUCTION MODELS Example 1

SCHAEFER

Microsoft Excel 8.0a Answer Report
Worksheet: [ProductionExamples.xis]Schaefer
Report Created: 2/23/00 10:20:39 AM

Target Cell (Min)
Cell Name Original Valua Final Value

$HE68 (Yobs Vo) 151204.9628 320.641197

Adjuslable Cells

Cell Name Original Value Final Value
$C373 a 0.106381591 0.08755879
$C$74 b 4.28541E-05 3.5907E-05

Constraints
NONE



CHAPTER Vil - STOCK AND RECRUITMENT Exampie 1

Glven the foilowing stock recruitment data, solve for & and § using the Baverton-Hoit modal.

Year Stock Recrutment
1 848 7.1
2 7.4 6.4
3 4.5 B4
4 13.2 7
5 14.8 7.7
8 7 7
T 3t 54
8 r? 8.1
9 10.7 - X ]
10 88 8
11 15.4 82
12 2 35

Yaar Stock Recruiment SR ara are Z methods ‘o calculate the siope and y-intercept:
1 8.8 71 1,239
2 74 6.4 1.158 (1) Go o Tools, Data Analyais, Regresssion, salect the input
3 45 6.4 0.703 and output ranges, then dick GK. The two numbaers that are
4 13.2 7 1.888 important are the X variable 1 which is the slopa and intercept
5 146 77 1.898 which is the y-intercept.
8 7 7 1.000
7 31 54 0.574 (2) Select the data seviea on the graph, right click, and choose
8 7.7 8.1 1.262 Add Trendline. Choose Tinear” for the Type. In the Options
9 107 88 1.574 tab, click “display equation on chart.”
10 8.8 6 1.433
11 15.4 8.2 2.454
12 2 35 0.571

LINEAR

From Tools, Data Analysis, Regression:

,SUMMARY OUTRUT
RBgression Stabstics _ —
Muitipls R 0.975402447
R Square 0.951409034
justed R Square 0.9485850027
Standard Error 0.134430227
Cbasrvations 12
IANOVA, _
af 55 M3 7 Sign| FCance £
Regreasion 1 3.538931800 3.5389318 185.802383 £.8046E-08
Residual 10 0.180739058 0.0180739
Total 11 2.719670087
"Coefficilents  atanderd Eror 1 Sted Pyaive _ Lower 55% _ Upper G6% Lower 0.0 Upper 95.0%
Intercept 0182403751 0.08075808 2.0321486 00605544 -0.017591932 0.38230043 -0.0175840 0.382700435
Iﬁlﬂabh1 0.131944818  0.008420381 13.992978 B.8040E-08 0.11083489 0.15285475 0.11093489 0.1529547 48
. 310
2.5 4
2.0 4
5 1.5 4
¥ =0.1319x +0.1824
1.0 1 Rz 0.9514
a» 01319
0.5 4 A=0.1024
0.0 . r y
0 5 10 15 20 25

Swek




CHAPTER VIt - STOCK AND RECRUITMENT

NON-LINEAR
" Bafore Solver After Solver l
Yaar s R oom Roed  (Ron-Roma) R e (R R prea)”
1 a8 7 6.551908 0.30040378 6.630564688 0.22036953
2 74 6.4 6.3877907 0.00014907 £.431822505 0.0010190%
3 45 54 57093427 036078014 5735844104 0D.44110234
4 “3.2 7 68625618 0.01888931 7.012124314 0.000147
5 146 17 6.925538] 058579409 T7.090374683 037164305
) 7 7 6.3308311 044778695 8383447961 0.4051985
7 3 54 52427743 002471993 5000821784 0.09010696
8 77 g1 6.427248 010707183 6.479481025 0.14309067
9 10.7 648 6.7138097 0.00742876 6.828502767 0.00081241
10 88 6 6.5312818 (.2822B035 6605487957 0 38861567
1 15.4 82 6.9568046 057275348 7.12934205 0.86367865
12 2 35 44822049 096400334 4.263058585 058382269
3 68684649 3.48831511
re [~ Alar Solver |
a 0.1319 0.126106972 |
i 0.1824 0.216853767
8.0 -
L
7.0 4 * *
L
6.0 4 LIS . .
* !
5.0 |
5 4.0 4
L J
3.0 4
2.0 4
1.0 -
0.0 r v .
o 5 10 15 20
Stock
o piot srion-Hoit , Croate a £ ;]
series of stock (S} and soive for R using the [ 0
Baverton-rioit equation and the parameter 1 2818721158
lvaiues obtained from Sodver. 2 426395858
3 5.03004423
a 0.125196972 4 5.54445392
g 0.218853767 I 5 5893740186
] 8.16120424
7 6.368344798
B8 6.52406401
9 8.8547054
t0 6.78304£93
1" 8.85434033
12 6.93233823
13 6.99973038
14 7.05854681
15 711032456
t8 7.15625618
17 7.19728347
18 7.23414733
19 726745235
20 7.29760015

Exampile 1



CHAPTER VIll - STOCK AND RECRUITMENT

Microsoft Excel 8.0a Answer Raport

Worksheet: [Chapter 10 - Stock Recruitment Examples.xis]8-H

Report Created: 4/4/00 2:55:21 PM

Target Cell (Min)

Cell Name Original Value Final Value

$G$88  (RoosR pred)’ 3.686949491 3.48831511

Adjustable Cells

Celi Name Original Vaiue Final Value

$C3$91 o« After Solver 0.1319 0.126196972

$C$92 J After Solver 0.1824 0.216653767
Constraints

NONE

Exampte 1



CHAPTER Vil - STOCK AND RECRUITMENT

Exampla 2

Given the following stock recruitment data, soive for a and £ using the Ricker modei.

Yoar Stock Recrutmant
1 88 TA
2 74 6.4
3 4.5 6.4
4 13.2 7
5 t4.8 7.7
8 H 7
7 3 54
8 7.7 8.1
9 10.7 6.8
10 as 8
11 15.4 8.2
12 2 3.5
Year Stock Recryitment In(%) There are 2 mathods to calculate the slope and y-intercept:
1 a8 71 -0.215
2 74 6.4 -0.145 {1) Go to Tools, Data Analysla, Regrassion, saiect the input
3 45 6.4 0.352 and output ranges, then click OK. The two numbers that are
4 132 7 0.834 imporant ara the X varable 1 which is the siope and intercepi
5 148 77 -0.844 which is the y-intercept.
8 7 7 0.000
7 31 5.4 0.555 {2) Select the data geries on the graph, right click, and choose
8 .7 8.1 £.233 |Add Trendline. Choosa “linear” for the Type. [n the Options)
9 10.7 g8 -0.453 tab, click "dispiay equaticn on charl.”
10 8.8 é -0.380
11 154 6.2 -0.910
12 2 35 0.560
LINEAR
From Tools, Data Analysis, Regression:
SUMMARY O
Regression Statistcs
Multiple R (.972866801
R Square 0.948465424
[Adjusted R Squars 0.541118368
Standard Eror 0.114883865
Obsarvations 12
IANOVA
e £ s 3 SIGCACS
Rogresaion 1 233358151 2.333582 176.800123  1.1087E-0T
Rasidual 10 0.131983064 0013198
Total 11 2.485564504
Coofficionts _ Standard Ermor 1 Stel___ Povaiue_ Lower 06% _ Upper 95% Lower §5.0% Upper 95.0%]
intarcept 0.742720114  0.076702830 9.683085 2.1338E-08 0.571815508 0.91382472 0.571815508 0.91382471
X Variable 1 -0.107143067 0.00805778  -13.297 1.10687E-O7 0125007822 -0.0891901 -0.12508782 -0.08919011
1.0
¥ = 0.10T1x + 0.7427
R 3 05408
»
051 . a =2.1018
A =0.1071
00 v T )
5 1 5 20 25
45 4
1.0 4
451




CHAPTER VIH - STOCK AND RECRUITMENT

NON-LINEAR
Before Soiver Afer Solver
Year s R o Romd (Ram‘Rpm)z R orea (Rm‘Rm)z
1 a8 71 7.208408 0.01132274 7.0968062333 1 5505E-05
2 74 6.4 7.040217 04098775 6.878576578 0.22003554
3 45 8.4 5.840558 0.31297525 5.815042153 0.61815682
4 13.2 T 6.74786 0.08387544 5809150182 003642022
5 146 7.7 6.424125 1.627B5614 6533415892 1 36091848
[ 7 7 6.9511684 0.00238497 6.775456294 0.04997179
7 31 54 4 674354 052056144 4 458967512 0.88554214
8 7.7 6.1 7094 (0.98803504 6942713968 0.71016683
9 10.7 88 T7.149002 012180207 7.114415723 0.09885725
10 8.8 -] 7195107 14282798 7077048883 1.18003001
11 154 6.2 8.21973 000038927 8.353787411 0.02365057
12 2z 15 3.302768 (01149868 3218688257 0.08027831
5.50465843 525104347
Aler Solver |
7] 2.1018 1.97044872
£ 0.107M1 0.101531021
i 8.0 -
-
7.0 4 . o
* .
6.0 - * .
.
5.0 4
5 40
304
20 4
10 4
0.0 ¥ T T 1
0 5 10 15 20
Stack
o plot the Ricker modsi, craate a series of stock g ’g
(5) and sotve for R using the Ricker aquation and 1 178021832
parameter values cbtained from Solver, 2 3.21878628
3 4 359456288
a 1,9704 4 525159022
A 0.1015 5 593088115
8 6.43013824
7 6.77778038
8 6.59837581
] T. 113268354
10 714077748
11 7.0967 1388
12 65.99463354
13 8.5481484
14 6.668116169
15 6.44810808
18 B8.21412728
17 5.58524371
18 570651308
19 5.44215731
20 517567022

Examplg 2



CHAPTER VII - STOCK AND RECRUITMENT

Microsoft Excel 8.0a Answaer Report

Worksheet: [Chapter 10 - Stock Recruitment Exampies.xls]Example 2

Report Created: 4/4/00 3:32:00 PM

Target Cell (Min)

Celi Name Qriginal Value Final Vaiue
$G$89  (Rune-Roms) 5504658428  5.251043466
Adjustable Cells
Cell Name Original Value Final Value
$C$32 o After Soiver 2.1016 1.97044872

$C$93 [ After Solver D.1071

0.101531021

Constraints
NONE

- 58
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CHAPTER Il - MATHEMATICS AND BIOSTATISTICS REVIEW

Given the foliowing data points (x, y valuas), plot the points, fit the linear model and obtain the
best astimates of the parameters m and &. On the same graph, plot the predicted modsl.

X X

5 17
10 32
15 45
20 85
25 57
30 72

Thare ara 2 methods to calculate the slope and y dntercept:

{1) Go to Tools, Data Anslysls, Regression, seiect the input and output
ranges, thea dick OK. The two numbers that are important are the X
lvanable 1 which is the slope and intercept which is the y -intercept.

{2) Select the data series on the graph, right click, and chooss Add
Trendline. Choose "linear” for the Type. In the Options tab, dick

“display aquation on char.”

y=21143x + 11

Exarcine 1

13 1 R2 = 0.9004
0 10 20 30
X
From Tocls, Data Analysis, Regrassion:
SUMMARY OUTPUT
Regression Statistics
[Muitpla R 0.545905128
R Square 0.9004 20042
[Adiusted R Square  0.875528177
Standard Error 7.353327721
(Observations 8
ANOVA,
o 58 S E Signimcance F.
Ragrassion 1 1955.714288 19557142686 38.16908851 0.0030646333
Residual 4 2182857143  54.07142857
[Totat 5 2172
CosMicients __ Standard Error T otat Fvaive  Lower 95% _ Upper 05% Lower 95.0% Upper 95.0% |
1 604575581  1.60B877304 0183357897 -8.00840413 30.00840413 -8.00640413 30.0084041
2114285714 0.251558307  6.014074202 0.003845333 1.135206908 3.090364523 1.138208808 3.09036452




CHAPTER Il - MATHEMATICS AND BIOSTATISTICS REVIEW

Calculate the following:

10° 1000
10" 0.1

4° 1
g2 4
257 0.2

Exercise 2



CHAPTER Il - MATHEMATICS AND BIOSTATISTICS REVIEW

Calculate the following:

1.628389

0.924258

Al-4
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CHAPTER Il - MATHEMATICS AND BIOSTATISTICS REVIEW Exercise 4

Determine the value of x:

0.70=8" 10*=a*

Take the In of both Saoive the left side of the

sides and solve for equation, take the In of
of both sides, and solve
for x :

0.70=¢™ 10°=e*

In(0.70) = In(e ™) 10000 = 8"

-0.35667 = -x In{10000) = In(e ™)

x =0.35667 x 921034

A3-5



CHAPTER Il - MATHEMATICS AND BIOSTATISTICS REVIEW Exercise 5

Calculate ./, / for the following functions:

Sdx
y =3 y=8" y =4 6x y=5x2-2x
Zh‘? o of 'dfhg _ The derivative of a constant The derivative of 5x* =
er wattwe o en:a‘twe is 0 and the derivative of a 5*2x %" and the derivative
a %0"5 ant ofe’ is consiant muitiplied by x of a constant multiplied by
15 Y. e equals the constant. x equals the constant,
0 8" -6 10x -2

A3-6



CHAPTER il - MATHEMATICS AND BIOSTATISTICS REVIEW Exercise 8

Integrate the following:

2 B -
Jrrds ferax [+ 20
| i ]
Fouow the integration rule: Follow the integration ruke; Eollowing the rules of integration,
4 4 A
3 _x.:m PRI _‘(} Zx: } . !
frtdx= /(2+1) J . ![3+2x)dr— X+ A!_(g,x”)l
=g =17,

ﬁFarx =2 8"
Forx =4 [(3"4)+ 4% =12+ 16 =28

|Forx =2, 2% 28

orx =2 (2+13~ / A
- ltl*l} VS

Forx =1, {2+l}_‘/3_/3

[The integration = 8/3 -1/3 =7/3 | [The mtegration = 7.39 - 1 =6.39 | |[The integration = 28 - 1C = 18 I

Forx =0, e =e"=1
Forx =2,[(3*2)+ 2] =6+4=10

Al-7



CHAPTER #l - MATHEMATICS AND BIOSTATISTICS REVIEW

Exercisa 7

Cormnpare the following length-fraquency distributlon using univariate descriptive statistics
for each data set. Plot both L-F distributlons as histograms on the same graph. Compare the
means and tha distributions around the means using confidenca intervals.

Cength (cm) 10 20 2530 35 40 45 56 -
Group A 3 18 29 21 12 6 1T e
Group B Q 12 23 32 15 7 2 4

35 5 W Group A

{ 30 4 W Group B

{ 25 -

7

S EL

-

: g 15 1

I

| 10+

s

|

. o

: 10 15 20 25 30 35 40 45 50

|

Length (em)

The mean, standard deviation, and confidance level can be determined directly in £xcef,

Go to Tools, Data Analysis, Descriptive Statistics, select the input and output ranges
and check the boxas for Summary Statistics and Confldence Level for Mean.

To run descriptive statistics on the lengths, each observation needs to be written out for
both groups of data (see below).

Al-8

Group A Group B 'aroup A Group B

10 18

10 15 Mean 26.34|Mean 26.814
10 15 Standard Emmor 0.7419{Standard Error 0.7096
15 15 Median 25|Median 30
15 15 Mode 25|Mode 30
18 20 Standard Deviation 7.3071|Standard Deviation 6.9888
15 20 Sample Variance 53.393|Sampie Variance 48.84
15 20 Kurtosis -0.139|Kurtosis 0.296}
15 20 Skewness 0.0725|Skewness 0.2715
15 20 Range 35|Range 35
20 20 Minimum 1¢|Minimum 15
20 20 Maximum 45|Maximum 501
20 20 Sum 2555|Sum 2795
20 20 Count 97 |Count 97
20 20 Confidence Level(95.0%) 1.4727|Confidence Levei(95.0%) 1.4085(
20 20



CHAPTER Il - MATHEMATICS AND BIOSTATISTICS REVIEW

20
20
20
20
- 20
20
20
20
20
20
20
20
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
20
30
30
30
30
30
3g
30
30
30
30
30

20
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

Exercise 7

To calculate the confidence interval, subtract and add the confidence levei
from the mean.

Therefore, for Group A, the C./. =25+ 14727 =23.5273 < £ 28.4727
and for Group B, the C./. =30 £ 1.40851 =28.5915< ¥ 31.4085

Fhe conclusion that can be made is that the C./. do not overlap o therefore,
there is a difference batween the means of the two groups.

A3-9



CHAPTER it - MATHEMATICS AND BIOSTATISTICS REVIEW

30
30
30
30
30
30
30
30
30
35
35
35
35
35
35
35
35
35
35
35
35
40
40
40
40
40
40
45

30
30
30
35
35
35
35
33
35
35
35
35
35
35
35
35
35
35
40
40
40
40
40
40
40
45
45
50

A3-10
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CHAPTER lil - GROWTH Exercize 1

Glven the following age-length data set for mackerel, determine X, L,
and t, using Ford-Waliford and non-linear methods.

Age Lonm {em)
1 15,1
2 7
3 5
4 ®3
5 8
=] 1
Linsar Method
Ag. Lr Lrar
1 15.1 27
2 227 275
3 275 23
4 32.3 343
5 348 kY|
-] 7.9
0 - h ara are 2 methods to calculate the slope Gr1d y-mtercept
45 1 (1} Go to Tocis, Data Analysis, Regreasion, select the
40 Input Bnd output ranges, then click OK. The two numbers thatg
- . are important are the X variable 1 which is the slope and
B 0TI intercept which is the y-intercept.
30 4
L
s ) (2) Select the data seriss on the graph, right click, and
chooss Atd Trandline. Choose “linear” for the Type. In the
0 1 Options tab, click "display aquation on chart.”
15
0 To plot tha 45 line, simple craste 2 data seres with 2 pais
f points that have equal x and ¥ values.
5 4
h v ——— 45° Lina
o 10 20 0 40 50 0 0
e 50 50
e N
From Tools, Data Analysis, Regression:
SUMMARY OUTPUT
Regression SleUsics
Muitipie R 0.998333704
R Square 0.96268085

|Adjusted R Square 0.990241133
Standard Error 0.572640754

|otservations 5
ANOVA _
o - IR " F Sigriicence I

I’Regrmion 1 133.42424T7 130.4242477 4083338872 0,00026634
Residual 3 0.983752299 0.327917433
Totat 4 134,408

Cosficionts Stancard Emor . { SO0t P-vaiie Lowsr 95% _ Upper 95% _ Lower 95.0% Upper 95.0%
Intercept 11.45448388 0,908453924 11.40475615 0.001413384 B.283102170 14.6257749¢ 8.283192170 14.6257749
X Varlable 1 0.733592011 0.036388004 20.1713578 000026834 0.617852683 0.846231339 0.617852683 0.84933134

Al-11



CHAPTER Iil - GROWTH Exarcise 1

To solve for L, set the regression lina equation and the 45°
line agquation equai to sach other

Regrassion Line 45° Line
y = 11.4544 + 0.7336x y=x

x = 11.4544 + 0.7336x
.2664x = 11,454

x = 11,4544/ 2664

x = 420970

Sotving for t g
{Use the rearranged von Bertalanfly equation to soive for ¢,

430-150
N =]+ 03]‘[.(_436—}; =-0395

430-227
t ’“%31"{?]"”‘42"

maan = -).408

*Fort afand L, =151

[Fort = 2ana L, 2227

Ta plot the von Bertalanfly curve, create series of agea (f), and sotve for L,

|2 isiope) 0.7338
b (y-intercept) 11.4544
K =-infa) it . 3098 -
L. 42,997
Mo -0.408

Nor-linsar Mathod

Non-linear regression can be calculated using the valuss obtained from the
linear regreasion aa initial parametes values, and then using Sotver to adjust
those values to provide the best fiting values.

Al-12

The aquation 10 COICUIAS L jacng 3 the von Bertalanffy growth squation:
L=L -t )
Baefore Solver After Solver
Age L om L orew (L cam~L. praa)” Loes (L soarL graa)”
1 15.1 25.13 100.83 15.44 012
2 27 38547 163.19 21.91 0.83
3 s 4251 22530 .18 Q.12
4 323 47.30 224,87 31.42 0.73
5 348 50.55 248.08% 34.58 0.01
8 a7t 52.77 245.40 37.69 0.35
1207.50 2.00
Before Solver| After Solver
a 0.7338 0.7338
b 11,4544 11.4544
X 0.3854 0.2082 |
i 5747513115 | 48.82811887
ty -0.481981033] -0.78145188



CHAPTER (I} - GROWTH

80 4

50 4

© 40 A

L 30+

=T T T A T T T T

s 0 5 10 15 20 2§ 30 35 40 45 50 55 90 85 TO 7%

i r

To plot the von Bertalanfty curve, creats a series
of ages {f) and solve for L, using tha von
Bertatanffy equation and the paramater values
obtained from 3olver.

a 0.7336
b 11.4544
X (.2082
- L. 49.82811887
to -0.78145188

X ¥

-0.78145186 0.00
a 7.48
1 15.44
2 2.9
a 27.18
4 31.42
5 34.88
8 37.68
7 39.97
8 41.82
9 43.33
10 44,58
1" 4554
12 46.35
13 47.00
14 47.53
15 47.98
16 48.32
17 48.60
18 48,83
19 49.02
20 49.17
21 48.28
2 48.39
23 49.48
24 49.54
25 45.80
» 49.84
27 49.87
28 48.70
% 4373
30 49.7461
31 497615
32 49.7741
2 497842
34 49,7928
as 49.7892
8 49,8048
a7 49.8080
38 498128
29 40.0155
40 49.8179
41 49,8198
42 49.8214
43 49,8226
44 49.827
45 49,8245

A3-13
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CHAPTER il - GROWTH Exerclae 1

45 4% 8282
47 49.8257
48 49.8202
49 49.8265
50 49.8268
51 49.82T1
52 49.8273
53 48.8274
54 49.8276
55 49.8277
58 49.8278
57 48.9278
&8 49.827T9
59 49,0279
60 49.8280
81 49.8280
82 49.8280
83 49.8280
a4 49.8260
85 49.8291
] 49.8281
a7 49.828¢
88 49.8281
88 49.8281
70 49.8281
7 49.9281
72 49.8281
73 48.8281
74 45.8281
75 49.8281

Al-14



CHAPTER Ill - GROWTH

Microsoft Excel 8.0a Answer Report
Worksheet: [Chapter3 - Growth Exercises.xIs]Exercise 1
Report Created: 4/24/00 1:45:32 PM

Target Cell (Min)

Cell Name Original Value Final Value

$F3$116 (L aos~L prea)” 1207.50 2.00

Adjustable Cells

Cell Name Original Value Final Value

$D%$121 K After Solver 0.3854 0.2082

$D%122 L _ After Solver 57.47513115 49.82811687

$D$123 (o After Solver 0491991033 -0.78145166

Constraints
NONE

A3 - 15

Exercise 1



CHAPTER Ill - GROWTH Exercine 2

Given tha following age-iength data set for herring, determine X, L, and t, using
Gulland-Halt and non-iinear mathods.

Age Langth (cm)
3 257
28.
3 30
-] kel
7 J2.8
8 337
9 344
10 M9
1" 56
12 36.0
13 359
14 37.0
15 ar7

Linear Method

Age Length {cm) i Growth Maan Length (cm)
cremaent (cm)
() L) ILr-L,] |LTRPR Y 74
it 11 I3
3 257 27 27.05
4 284 18 29.3
E] 0.2 15 30.95
6 ka4 1.1 3225
7 328 09 33.25
8 337 a7 34.05
9 344 05 34.65
10 349 0.7 3525
11 356 0.4 158
12 36.0 -0.1 35.95 .
13 359 1.1 36.45
14 37.0 0.7 37.35
15 37.7
10 - Thare are 2 methods to calculate the siope and y-intsrcept:
-25 I {1} Go to Tools, Data Anstysis, Regression, select the
_ input and cutput ranges, then click OK. The two numbers
E20 1 y== 3?49’ * 78702 that are imporiant ara the X variable 1 which is the siope and
3, ] R®=0.7607 intercept which is the y-intercapt.
$104 (2) Select the Jata series on the graph, right click. and
° - choose Add Trendline. Choose “linear* for the Type. In the
© 0.5 4 Optons tab, click "display equation on chart.”
0.0 Y T T T 1
0 10 20 30 40
Maan Length
From Tools, Data Analysis, Regression:
SUMMARY QUTPUT
.l-?sgressnon Statistics
Multiple R 0.87215823
R Square 0.76065998
Adjusted R Square 0.73672598
Standard Ermor 0.37578
Obsarvations 12
ANOWVA
af 58 MS £ Significance £
Regression 1 4 487893887 4.4878923887 31.78156264 0.000216153
Residual 10 1.412106113 0.141210611
Total 11 5.9
Coefficiants _Slandard Ermor t Stat P-value Lower 95% Upper 95%  Lower 55.0% Upper 95.0%
Intercept 787016633 1223470353 6.432657349 78121BE-05 5144104016 10.59622664 5.144104016 10.59622864
X Variable 1 -0.20492668  0.036350538 -5.63751387 0.000216153 -).285920721 -0.12393268 -0.285920721 1239326

AJ- 16



CHAPTER I - GROWTH

Solving for ¢,

Fort =Jand i, =257

Fort=dandi =284

Ine

3 Mg

pond ]/ Irul

Ao

Lse the reamanged von Bertalanffy equalion to solva for e

=157
:‘S.H 157 |=-.353
g4
33.4|-:S.4‘:4IT:
ELEY
mean = -2.625

To plot the von Bartalanffy curve, create sares of aGes (I}, and soive

forl,.

a (slope) -0.2049
& [y -intercept) 7.8702
K = -slope 0.2040
L.=hik 38.4099561
to ~2.625

Non-linear Method

Tha equation to calcuiate £ e IS the von Bertalanffy growth equation:

Non-tinear regression can be calculated using the valuss oblgined from the finaar
regrassion as mitial pacameter values, and then using Solver to adjust those values to
provida the best fitting values.

Ad-

17

Lo=L_[1-e™ 1]
Before Solver After Solver
Age L ooe L orag {L oL prma)® L pres (L oomL prg)?
3 257 2554 0.03 25.99 0.08
4 28B4 27.92 0.23 28.21 0.04
5 302 29.88 0.1 30.02 0.03
& 3y 3145 0.08 11.50 0.04
7 328 32.74 0.00 3271 0.0t
8 337 3379 0.01 33.70 0.00
9 kLW 34.64 0.06 34.51 0.01
10 4.9 3534 0.20 3517 0.07
11 356 36.91 0.10 3571 0.04
12 K" 38,37 0.14 36.15 0.02
13 359 36.75 0.72 3651 0.37
14 az 37.08 0.00 36.80 0.04
15 7 T 0.15 37.05 0.43
1.82 1.18
Beloms Solver Alter Solver
a 0,204 -0.2049
b 7.8702 7.8702
K 0.2049 0.2015
Lo 3840995608 38126376508
te -2.625 -2.680111193

Exercise 2



CHAPTER Ill - GROWTH

40

35 4

5 0 5 10 15 30 25 30 35 40 45 50 55 &0 65 rai
) .

EX TN

To piot the von Bertalanfly curve, create a senes of X

ages (f) and soive for L, using the van Bertalanffy -2.680111193 0.000
equation and the parameter values oblained from 0 15.912
Solver. 1 19.967
2 23.281
a -0.2049 3 25.991
b 7.8702 4 28.208
K 0.2015 5 * 30017
[ 38.1263766 ] 31457
fa -2.68011119 7 KF i
8 33.696
9 34,505
10 35.166
™ 35.708
12 36.148
13 36.508
14 36.804
15 37.048
16 37.243
17 37.404
18 37.5385
19 37.644
20 rraz
21 37.804
22 37.853
23 37.911
4 37.950
25 37.982
26 33.008
7 38.030
28 38.048
29 38.062
30 38.074
K 38.083
a2 38.091
33 8,098

34 38,
35 38.107
36 3811
3T 38118
kL] 38.118
39 38118
40 38.119
41 38.121
42 38.122
43 38.123
L 38.123
45 38124

Exerc ge 2



CHAPTER il - GROWTH

36.124
38125
38125
38,125
38125
38126
38.126
38126
38,128
38.126
38126
38.126
38.126
38.126
318.126
38126
38.126
38.126
38.126
18126
38.128
3128
38.128
38.128
38,1268

Al
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CHAPTER Nl - GROWTH

Microsoft Excel 8.0a Answer Report
Worksheet: {Growth.xIs]Exercise 2
Report Created: 2/24/00 9:23:12 AM

Target Cell (Min}
Cell Name Original Value Final Vaiue
SFS118 (L owsL prea)’ 2.66 1,16

Adjustable Cells

Cell Name Original Value Final Value
303123 K After Solver 0.2049 0.2015
§D%124 L, After Solver 38.40995608 38.12637658
$D%$125 {; After Solver -2.625 -2.680111193

Constraints
NONE

A3 -20

Exercise 2



CHAPTER IV - ESTIMATION OF MORTALITY RATES

Glven an initlal population size of N, = 25,000 fish, a survival rate of 5§ = 0.47, and a commercial
harvest of 10,500 fish, datermine N,, U. Z, £, and M during the first year for both a Type 1 and
Type 2 fishery. For the Type 1 fishery, assume fishing occurs only In the second half of the year.

Given dats
N' » 25.“'
S= o4y
Cw 10,506
Part 1: Type 1 fishery
N, Z u
NN = S NyNg=e P =g U=1-¢%
=1.9007®
therefore therefors, fort = 1 0.53
Nf =N°'S Z=-|n(S)
=(25,000) * (0.47) =-in{0.47)
11750 0.76
] F

is the num

Since M occurs only in the first half of the year
and F only in the second haif of the year, it is

necessary tc detarmine population size

Ng= N at beginning of year

Sinca fishing cccurs only in sacond half of year

Now use the decay squation to determine M
for the first haif of the year

halfway through the year
Designata the following

N, =N at mid-year
Nz =N atend of ysar

use the equation
U=CIN
to determine N,

Ny=C U
=10,500/0.53
19,811
ber of fish haifway through the year

NNy =™
M = I[N /N
= -in(19811 / 25000)
0.23

F only occurs in second half of year
Use the decay equation using N, at
mict year and N at year end

N, /No=ga""
therefore

F =-n(N, / Ng]
= -In(11750 / 19811)
0.52

Exampie 1



Part 2: Type 2 fishery

CHAPTER IV - ESTIMATION OF MORTALITY RATES

N .

Calculated the same way
as for a Type 1 fishery

N, /INg=8
Nf = No's
= 25000 * 0.47
11750

u
U=C /Ny
Fishing occurs throughout the year so

U = 10500 / 25000
0.42

¥

Calculated the same way
as for a Type 1 fishery

Z = In(S)
= -In(0.47)
0.78

m—

F
U=(FIZ)*1-87%)
therefore
F=Z*ut(1-e%

= (0.78)* (0.42) / (1- 0™
0.60

Z=M~+F
therefore
M=Z.F

=0.78 - 0.80
0.18

Example 1



CHAPTER IV - ESTIMATION OF MORTALITY RATES

Waakflsh caught by NEFSC autumn bottom trawl survey were aged by applying annual
age-length keys from pooled commarcial and research samples to survey caught flsh. Caten-
at-age (expressed as CPUE) for the 1985 and 1990 year classes is shown below. Estimate
total and fishing mortality for the two differsnt years, assuming M = 0.25.

Year * Number at sge

0 1 2 3 4 5
1988 10.39 412 0.93 0.08 0.03
1980 3.45 0.73 0.13 0.08 0.018 0.013

NN )= aX +b

[For bolh years soiva for Z using the Catch Curve Anaiysis squation

whare a is the negative of total mortality (Z) and X is ime In years.

1985 data
age N, (N}
1} 10.38 2.34
1 412 1.42
2 093 £.07
3 0.06 -2.81
4 0.03 -3.51

Iﬂs?sara 2 methods to calculate the siope and y~ |
intercapt:

{1) Go to Tools, Data Anatysis, Regression, seject

3.00
2.00
1.0¢

0.00 T
-1.00 1
200
-3.00
-4.00
-5.00

In (N, }

y =-15924x + 26578
Ri=

0.9638

Age

the input and output ranges, then click OK. The two
numbers that are important are the X variable 1 which
is the slope and inlercept which ig the y-intercept.

(2) Select the data serlas on the graph, right click, and
choose Add Trendline, Chooss “linear” for the Type.
in the Options tab, dick "display equation on chart.”

From Tools, Data Analysis, Regression:

X Variable 1 -1.59240673 0.178284389 -8.531835 0.00296087 -2.15878775

SUMMARY OU iFUi
— Regression Statistics
Multipie R 0.981711048
R Square 0.963758344
[Adusted R Sgquare 0.8516877792
Stancard Emor 0 58375474
[Observations 5
JANOVA _ _ _
of S5 M3 F_ Significance F
Regression 1 28535754188 25357502 79.777875 0.002960871
Residual 3 0.953550858 03178532
[Total 4 2831115158
Coeflicients Standard Error £ otat Bovaie  Lowsr 95%  Upper 95% Lower 95.0% Upper 95.0% |

-1.0250257 -2.1597878 -1.025025702

[Int.rclp't 2.857644939 0436705781 B.0B56848 0.00800871 1267350885 4.04743869 1.26785098 4.047438904

A3-23
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CHAPTER IV - ESTIMATION OF MORTALITY RATES : Exerciss 2

=.1.5024X + 28576
ifa=-Z then
Z =153
Given
M =025
then
Z=F+M
FxZ-M
F =434
1990 data
200 -
age N, In{M, ) 100 !L
¢} 345 1.24
1 073 0.31 0.00 —_
2 0.13 -&.04 5 8
3 0.06 -2.81 ~ 901
4 0019 -3.96 £ 200
. -4 £
5 0.013 k2 3004
Solve 3ame way as 1985 . -4.00 4
[Either piot and Add Trendiine, o use | y =-1.1321x + 0.791 '
Tools, Data Ansiysls, Regression. I R = 0.9617
i 500
l Age
From Tools. Data Analysis, Regression: |
SUMMARY OUTEUT
ression Siatistics
Multiple R 0.980648078
R Squame 0.961866873
lAdjusted R Square 0.952083413
Standard Emor 0.472706296
Observations 8
ANOVA . - - -
- o S F___Signicance F
Ragression 1 22.43047543 22 430478 10G.348 0.000558237
Residual 4 0854107528 0.2235269
Totat 5 23.32458208
CoefMicientsStandard Emor . { St F-value __ Lower 95% __ Upper 33% Lowor D8.0% Ugper 95.0%
Intercept 0.791002143 0.342177590 23118713 0.08188183 .0.15903718 1.74104143 0. 1500374 1.741041431

X Variable 1 .1.13214021  0.113017541 -10.01738 0.00055824 -1.44502786 -0.8183528 -1.4458279 -0.61835258{

Y % -1.1321X +0.701

ta=-Z then
Z =113

Glven
M=025
then
F=pga

Al-24



CHAPTER IV - ESTIMATION OF MORTALITY RATES Exarcise 3
The following data are taken from the Cooperative Stripsd Bass Tagging Program,
conducted by the U.S. Fish and Wildlife Service and the Atiantic Statas Marine Fisherles
Commission, The purpose of tha program is to monttor mortatity and migration of striped
bees for he major producsr areas {Hudson River, Chesapesks Bay, and Delaware Bay). This
program comprisas 4 critical operations: tagging fish, recovering tags, managing records of
raleases and recoveriss, and analtyzing recovery data. Total releases of tagged striped bass
have axcesaded 170,000 fish in tan years, through participation of 10 states. Analysis of
thess data ts performad on an annual basis by the Atlantic States Marine Fisherisa
Commission tagging group. Data from the Hudson River portion of this program are shown
In the following talile. U'sing this data, derive estimates of total and flshing mortality for the
years 1980, 1993, and 1996. Natural martality for striped bass ts M = 0.15.
Year Numbier Number recaptured [n yosr
tagged 1988 1988 198G 1991 1962 1693 16904 - 1998 1596
1088 227 25 It 1t ) L R ) 4
1889 a7 41 17 g & e 4 Q
1860 445 3 SRR 7 4 14 L 4 1
1981 354 k. S 1 3 i 12 10~ g 4
1962 899 : 9 58 3s 21 13
1983 537 73 38 - 4 18
1964 i3 492 33 26
1965 482 5 4
1856 643 28
Sclva similar to a catch curve: plot natural log of recaptures sgainet time using the squation
INR)mat +b
whare a is the negativae of total mortality (Z) and ¢ Is tims in years.
E_atafor1990 :_..... ) T
! 5.00 -
Tima R, R, ) ;
4.00
1990 62 413 ;
19914 3 342 !
1992 27 3.30 @ 300
1993 14 2.84 CF
1694 9 220 . = 2004
1% ‘1‘ ;'33 : 100 4 y=-0.8277x + 1253.4
‘ ' R? = 0.9405
0.00 T T T > v
Thera are ¢ mathods to calculate the slope and y - - 1988 1990 1992 1994 1998 1998
intercept;
Yeaar

the input and cutput rangaa, then click OK. Ths two
numbers that are important are the X verdable 1
which is the slope and intercapt which Is the y-
Intercept.

(2) Select the date series on the graph, right click,
and choosa Add Trendline, Choose “inea” for the
Type. In the Optiona tab, cilck “display equation on
chart.”

(1) Go to Tools, Data Anatysis, Regression, select| oo o e



CHAPTER IV - E3TIMATION OF MORTALITY RATES Exercise 1

From Tools, Data Analysls, Regression:

[SUMMARY GUTPUT
Regrassion Statistica
{MUttiple R 0.9608 15846
R Square 0.940542775
Adjusted R Sguare 0.92085133
Standard Error 0.373468752
{Observations 7
ANOVA _
of 55 M5 F SIGRAICANCE F

Regressian 1 11.03105448 11.031954 70.004089 0.000290118
Reaidual 5 0.697304545 0.1394789
Tatal 8 1173934001

Cofficiarts Siandard Emor [ Siat P-value __ Lower 95%  Uppar 95% Lower 95.0% Upper 55.0%
Intercept 12504319 140.6635383 0.910828 0.0002964 BS91.8443045 1515.015452 8978843045 1815.0194527
X Vartable ¢ -0.5278929  0.07057896 -5.803485 0.0002091 -0.80912150 -0.44826842 080812150 -0.4482642

¥ 2 08277X » 12534
ifa=-Z then
Z = 0.6277
Given
M =015 .
then :
F =0.8277-0.15 N
F=x04777
Data for 1903 | T
5.00 -
Yoar R, (R,
1993 73 4.29 4.00 -
1994 34 3.58
1995 24 318 - — 3.00 A
1998 18 2.89 D
= 2.00 4
1.00 y =-0.4606x + 9221 :
' R*=0.9588 :
GOO T T T T 1 '
1992 1893 1994 1995 1696 1997 |
f Yeoar |
. . ~
From Tools, Data Analysis, Regreasion:
SUMMARY OUTPUT
ﬁog_rosalon Statistics
|Multipls R 0.979158729
R Sguare 0958751818
Adjusied R Square 0.938127724
Standard Emor 0.151048818
Obascvatiorns 4
ANCVA _
of 55 MS F Signiicances F
Ragrassion 1 1.080838583 1.0806388 48488583 (0.020841274
Residuai 2 0.045831552 0.02281%58
Totai 3 1.106268145
Coeficients Standerd Emor___ [ Stat____ P-vaius__ Lowsr 95%  Upper 05% Lower 95.0% Upper 95.0%

{intarcepe 922.00808 134.7307505 68440081 0.0200885 342.3680478 1504.733117 342.3980478 1501.798117
X Varlable * -0.4608728 0.08755113 -8.818138 0.0208413 0.75122207 -D.18992358 -0.75122207 -0.16992358




CMAPTER IV - ESTIMATION OF MORTALITY RATES Exerclae 3

Y = -0.4806X + 9221

ifa =2 than
Z 32048

Givan
M =015
thernt
F =031

1998

Since thera is onty one yaar of recapturss,
usa the single census {Petersen) mathod,

Number marked () = £a83
Number recapiurad (R) = a8
UERiC
=8B /683
Us= 013
Ma 015
Fa 0,15 << Laave vaius for F bIank In order o use Salver.
A vaiue will bs ratumaed hare,
For a type 2 fishery

U (FZ)1-8)
a(FHF+MY) (10

[Type In eguation using cell vaiues for F and M -
You should get a zero value at first

0.1300003 Use Soiver function In Tools to set squation equa
to cell B152 (U valus) by changing call B154 (F valus)

The vaiue for F magically appaars in cell B81
In this case, F =0.13
Z=F+M=015+0.15

2 =030




CHAPTER V - SELECTIVITY OF MARINE FI5H HARVESTING GEARS

TRAWL COD-END SELECTION PROBLEM
COVERED COD-END EXPERIMENT
Yellowtail flounder on Georges Bank

Cod-end = 14 cm, diamond mesh; Cover = 5 cm, square mesh

Fish Length | Number in | Number n
{cm) Cod-end Cover
10-12 0 0
13-15 0 50
16-18 10 102
19-21 20 S0
22-24 a3 2
2527 43 43
28-30 107 21
31-33 95 5
34-36 ar 2
37-39 &0 2
40.42 60 a
43.45 20 0
46-48 12 0
449-51 2 0
52-54 ]
Fart 1: Detarmine the selaction curve by linear regressionon natural iog transformed data.
Solution:
Step 1: Detarmine the probability of capture {P) by the cod-ena. *
[Fish Length  Length Nurmber n _ Number in Total Probabiiity 1P NP 1P}
{em) midpoint Cod-and Cover {cod end / total)
10-12 11 0 0 0
- 1315 14 0 50 50 0.00 1.00
16-18 17 1¢ 102 112 0.03 1.0¢ -2.42
19-21 20 20 90 110 018 0.91 -1.61
22-24 23 3 60 93 0.35 0.82 0.84
25-27 26 48 43 N 0.53 0.685 -0.20
28-30 28 107 21 128 .84 0.47 0.57
31-33 2 95 5 100 0.95 0.18 1.78
34-36 5 ar 0 87 1.00 0.05 3.00
37-39 38 60 a 60 1.00 0.00
40-42 41 60 0 G0 1.00 0.00
4345 44 20 1] 20 1.00 0.00
46-48 47 12 0 12 1.00 0.00
49.51 50 2 0 2 1.00 0.00
52-54 53 0 0
Step 2: Solve for ¢ and § by plotting the value of
In{P /{1 - P}} against fish iength using the equation
In{PI{(1-P)mge(p*L)
where o is the y -intercapt and f is the slope.

Al-l3
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CHAPTER ¥ - SELECTIVITY OF MARINE FISH HARVESTING GEARS Exercisgy 1

There are 2 methods lo calculate the siope and y - : -

intercept:
10 q
{1) Go to Tools, Data Analysis, Ragression, select g 4 ¥y = 0'3902" - 7.5079
the input and output ranges, then click OK. The two 5 4 R =0.9849
numbers that are important are the X vanable 1 which =
is the siope and intercept which s the y-intercaept. Q 4 1
-
= 2
{2} Select the data series on the graph, right click, and % 0 T r T Y ' y
chocse Add TrendHne. Choose "inear” for the Type. Y 10 10 40 50 &0
It the Options tab. ciick "dispiay equation on chart.* 4
; 5
Fish length {cm)
From Tools, Data Analysis, Regression:
SUMMARY OUTPUT
Regrassion Statistics
Multipla R 0.992423654
R Square 0.98490471
Adjusted R Square (.981565652
Standard Ermror 0.255044835
Obsearvations 7
ANOVA _ .
df S8 MS F Significance F
Regrassion 1 21.22051024 2122051024 326.229144 9.55737E-08
Residual 5 0325239339 0.065047868
Total 6 2154574958
Cosfficierts Standard Error ! Stat P-value Lower 5%  Lipper 95% Lower 95.0% Upper 95 0%
Intercepd -7.507936 042870274 -17.5131514 1.1128E-05 -B.60994966 -5.405922309 -8.6000457 -6.40592231
X Variable 1 0.29018679 0.016066314 1806181452 9.5574E-06 0 248887083 0.3314865 0.24B88708  0.3314865
Y = (0.2902X - 7.5079
therefora
a= -7.5079
p= 0.2902
Part 2: Based on the selection curve, estimate the L, SF, SR for yellowtail floundar,

using a 14 cm diamond mesh cod-end.

Lay SF
a=-{B" L} SF=Lay'mi
therefore where mi = mash size
Logg=w/p for mt =14 and L o, = 25.87
=-1*{{-7.5079) / 0.2902)
25.87 SF = 2587/ 14
1.85

A}-I9



CHAPTER ¥V - SELECTIVITY OF MARINE FISH HARVESTING GEARS Exercisa 1

SR=L,-Lys

At L, P =0.75and 1-F =325
Atl .. P =025and 1-F = (.75
Use these values in the equation

InP /{1-P)=a+{B"L)
Rearrange and solve for L

L={niPi{1-P)-udsiB

Lfs L i3
P = 0.75 P= 0.25
1-P = 0.25 1-P = 0.75
a= -7 5079 @= -7.5079
3= 0.2902 p= 0 2002
L =N {1-PY-a]/B L=[In(P/{1-PN-c]/B
= [In{0.75 / 0.25) - (-7 5079)] / 0.2502 = [In{0.25 / 0.75) - (-7.5079)} / 0.2602
L1s= 20,66 Las = 2209
SR
SR=L e L;s
=2966-2209
7.57

You can then plot the resuiting curve using the dernved
values for i and § and values for L using the equation

PL, =1([1+e™ ¥

Length  Predicted P
0 0.00 o= -7.5079
5 0.00 b= 0.2902 _
10 .01 1.00 -
15 0.04 - g
20 0.15 & .75
25 0.44 3"
30 0.77 s
35 .93 > 050 1
40 0.98 =
45 1.00 | 025 4
50 1.00 g
55 1.00 .o R
80 100 j 000 » ¥ T T T
65 1.00 : 0 20 40 60 80
70 1.00 ;
75 1.00 L . L.er..?m (im)__ —

A3- 30



CHAPTER V - SELECTIVITY OF MARINE FiSH HARVESTING GEARS

TRAWL COD-END SELECTION PROBLEM
ALTERNATE TOW EXPERIMENT
Cod on Georges Bank

Exp Trawl = 14 cm, diamond mash; Lined Trawi= § ¢m

Fish Length | Number in | Number in

{cm} lined trawl | Exp Tram

11-15 0 o]

16-20 5 0

21-25 7 0

28-30 2 g

31-35 10 o

36-40 o 2

41-45 36 5

48-50 42 8

51-55 50 20

56-60 83 35

61-85 64 42

66-70 53 47

71-75 42 38

76.80 19 20 .
81-85 1A 10 .
86-90 7 7

91-95 -] 5

96-100 4 3
101-105 1 1
106-110 8] 0

Part 1: Determina the selection curve by non-linear regrassion of PL, versus L.
Solution:

Step 1: Determing the probability of capture by the éxpenmental traw (PL, }
Silep 2: Guess at values for L o and o2 and use the equation

PL =If[l +¢™" )]
o scive for expected values of PL, .

Step 3: Find the Sum of Squares for the observed and expecied PL,
values. Use Solver to minimize the Sum of Squares by changing the
guessed vaiues of L g and o2, The new values for a2 and L o, are
the solutions to the non-linear ragression.

A3 -3
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CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS

IStap 4: Use the new values of L g, and a2 to solve fora and B

Leg= 52.566
a2 = 0.146
f=a2= (0.146
o2 -p " L= -17(0.18 7 52.59)
a= -7 GT4636
Part 2

for cod using a 14 cm diamend mesh cod-end.

Ly

Solved for above
using Solver

52.566

Based on the selection curve, astimata the L ., SF, SR

sF

SF = Lgimil
=52.566/ 14
375

Use the equation

Pi, =il ]
ar
AL, 31i[1+a"Y
ang use Solver 10 solve for

L ;s when PL, =0.75 and
IL25 whan PL;_ =025

Ln
n= -7.6746
= 0.14
Lg% 62.67
PLL= 0.75

Fish Lengitn  Length Numberin  Number in PL, Befora Solver After Solvar
fem) Midpoint  lined trawd  Exp Trawl  (exp / lined) Expected (Observed - Expected (Observed -
PL, Expectedy’|  pL, Expected)’
11-15 13 b} 0
16-20 18 3 0 0.00C0 0.0001 5.84214E-09] 0.0031 9.75622E-06
21-25 23 7 8 0.0000 0.0002 5.05426€-08] 0.0085 4 1B139E-05
26-30 28 2 a 0.0000 0.0008 3.73174E-07] 0133 0.000176243
31-35 33 10 0 0.0000 0.0017 2.751628-06] 00271 0.000735694
3640 38 30 2 0.0667  0.0045 0.003865158] 0.0546 0.00014515|
4145 43 36 8 0.1667 00121 0.023882065| 0.1069 0.003570094
46-50 48 42 8 0.1905 00323 0.025021142] 0.1988 6.87215€E-05
51-55 53 50 20 0.4000 0.0832 0.10037954] 0.3395 0.003657349
56-60 58 83 35 0.4217 01978 0.050118061 0.5158 0.008835943
81-65 63 64 42 0.6563 4013 0.064003211) 0.6882 0.001021939¢
§6-70 &8 53 47 0.8868 0.6457 0.058146641 0.8206 0.004381618
71-75 73 42 a8 0.8048 2.8320 0.00529162] 0.9046 3.84855E-08
76-80 78 19 20 1.0004 0.9309 0.004780121 0.9516 0.00234711
§1-85 a3 11 10 1.0000 08734 0.0007074] 0.9760 0.000575073
86-90 ag 7 7 1.0000 £.9900 9.90384E-05] 0.5883 0.000137311
§1-95 33 8 5 1.0C00 0.9963 1.35736E-05] 0.9943 3.23688E-05
96-100 98 4 3 1.000¢ 0.9985 1.84558E-06] 0.9972 7.58277TE-06
101-105 103 1 1 1.0000 0 9995 2.50201E-07) 09987 1.77094E-06
106-110 108 0 D
Sum of squares 0.337302849 0.025765418]
[Befcre Solver | Aler Solver ]
[ 60 52.56635074 .
o2 0.2 0.145721666,

Lo

Lzs = 46,97
PL, = 025
SR={ L L25
= 6044 -44.73

15.69

AT - 32
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CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS Exercise 2

You can then plot the resulting curve using the denved
values for o and ) and values for L using the equation
PL =1/[1+e™=" Y
Length  Predicted P T T T
100

o] 0.00 = -7 3626 @

5 0.00 g = 0.14 2

10 0.00 g 0759

15 0.01 ot

20 0.01 S 050

25 0.02 =

30 0.04 4

35 0.08 g 0231

40 0.15 a

45 0.26 0.00 4 T T r T 1
50 041 0 2¢ 40 80 80 100 120
55 0.58 Len cm

80 0.74 gth {cm)

85 0.85

10 0.92

75 .96

30 0.98

85 0.99

90 099

a5 1.00
100 1.00

43-33



Microsoft Excel 8.0 Answer Report

Worksheet: [Chapter 5 - Selectivity Exercises.xis]Exercise 2

Report Created: 5/17/00 9:09:52 AM

Target Cell (Min)

Cell Name

Original Value Final Value

$I572 Sum of Squares

0.026148506 0.025765418

Adjustabie Cells

Original Value Final Value

52.59095727 52.56635074

Cell Name
SF$76 Ly After Salver
SF$77 o2 After Soiver

0.140893899 0.145721666

Constraints
NONE

A3 -34



Microsoft Excel 8.0 Answer Report
Worksheet: [Chapter 5 - Selectivity Exercises.xis]Exercise 2

Report Created: 5/17/00 9:19:01 AM

Target Cell {Value Of)
Cell Name QOriginal Value Final Value

SF$105 PL, 0.81 0.75

Adjustable Cells

Cell Name Criginal Value Final Vaiue
$F$104 L7s 65.00 62.67
Constraints
NONE

A3 -35



Microsoft Excel 8.0 Answer Report
Worksheet: [Chapter 5 - Selectivity Exercises.xIs]Exercise 2
Report Created: 5/17/00 9:20:21 AM

Target Cell {Value Of)
Cell Name Original Value Final Value

$15105 FL, 0.20 0.25

Adjustable Cells
Cell Name Original Value Final Value

$1$104 Lo 45.00 46.97

Constraints
NONE

A3-36



CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS

GILLMET SELECTION PROBLEM FOR COD

Fish Length A B c
(cm) 13.6cm 14.8cm 16.0 cm
48 0 0 a
48 5 a a
50 26 o] 0
52 52 1 u]
a4 102 18 4
56 295 131 17
58 joli:) g2 95
50 118 326 199
52 7% 191 202
54 27 1 133
58 14 44 52
68 8 14 5
T 7 a 15
72 1] 1 5
74 Q Q hi
76 0 0 O
Part 1: Determine parameters & and b for each paired compariaon,
IStep 1: Cetermine IniB ¢ A} for sach companson 1 .
Fish Length Waebbing ¥Webbing Wabbing IN(B/A) in(CiA) In(C/B)
{tm) 13.6cm 14.8 cm 16.0 cm
45 ol Q 0
48 5 0 ]
50 26 v} v}
52 52 1 0 -3.95
54 102 16 4 -1.85 3.24 1,29
56 295 13 17 -0.81 -2.85 -2.04
58 309 \2 98 G.186 -1.18 -1.34]
60 118 326 199 1.02 0.52 -0.49
62 79 191 202 .88 0.94 0.08
64 27 111 133 t.41 1,54 0.18
66 14 a4 32 1.15 1.31 017
68 8 14 25 0.56 1.14 0.58
0 T 8 15 0.13 076 083
72 o 1 5 161
74 Q 0 1
76 0 0 0
Step 2: Plot In(B { A) versus length and use the squation
IniB/A)= g + bl
to solve for & and b
i ) ¥ =0.2032x - 12.527
34 y =0.2837% - 17.698
24
— 1 1
g r .
2.9 45 80
L
34
1 y =0.1738x - 11153
FX

Length (cm)

“*In{B/A] WIn(CIA} » INC/B}

A} - 37

Exerciss 3



CHAPTER V - SELEGTIVITY OF MARINE FISH HARVESTING GEARS Exercise 3

There are 2 methods o calculale the siope and y -
intercept:

{1) Go to Tools, Data Analysis, Regresslon, select the
input and output ranges, then click QK. Tha two numbers
that are impartant are the X vanable 1 which s the slope

and intercept which is tha y «ntercept.

{21 Select the data senes on the graph, nght chick, and
choose Add Trandline. Choose Tlinaar” for the Typa. In
the Options tab, click "display equation on chan.”

Egquanon a8 [}
Avs B ¥ = 0.20% - 12,53 -12.53 0.2
Avs C ¥ = (0.28X - 17.70 117 0.28
Bvs C ¥ =017X -11.18 -11.15 0.17
Part 2: Determine SD for sach paired comparison,

Usa tha equation
SO = [-2°8"(MLg - MLy | (5 2 (ML +MLgJ}*?

for sach compansan.

Avs. B . Av.C
MLy = 13.6 ML, = 13.8
MLg = 14.8 ML = 16
as= -12.53 a= 77 -
b= 0.2 b= 0.28
8D = [-2°4-12.52)"(14.5-13 6J/{(0.2*2)"({13.6+ 14.8))]*C.5 SD = [-27(-17.7)"(16.0-13.6)/((0.28"2)"(13 6+ 16.0))]40.5
SD= 483 S0 = 3.97
Bva C
MLg = 14.8
MLe = 16
a= -11.15
b= 0.17

S0 = [-2'[-11.15°{16.0-14 B)(({0.1742)*{14.8+16.0))}"0.5
SD = 581

Part 3: Daterminae L ., for 13.6, 14.8, and 15.0 webbing

For each companson, determing L s for the two oBars using

LogA=-2°[{a* miJi{b " (ml,+mig))

and
Lo #-2° [(8 * miy) i th * (miy ¢ miy))
Ave. B Avs. G
a= 1253 a= 7.7
b= 0.2 b= 0.28
Mg = 136 My = 1386
mip = 148 mi; = 18
Lo 5 -2°[(-12.53°13.6}/ (0.2°(13.6+14.8))] L o = -27(-17.7°13.6) 1 (Q.28°(13.6+16))
LA = 600028169 Lo = 58088803
Lo® = -2°[{-12.53°14.8) / (0.2°(13.6+14.8))] [ oG = -2°[(-17.7" 16}/ (0.28°(13.6+16)))
LoB= 852971831 LxC= 58339768

ERER L



CHAPTER V . SELECTIVITY OF MARINE FISH HARVESTING GEARS

Bvs.C
a= -11,15
b= 017
mlg = 14.8
mig = 16

LB = -2°{-11 15714 8) / {0 17°(14.8+16})]
LaB= 630128485

Lows = -2°((-11.15%18)/ (0.17*(14 B+16)}]
LaxC =  BB.14362108

Part 4: Average the parameters 2. &r. 5D and L .5 resulting ir

om tha two paired comparisons.

Exerciss J
a b 50 LB
Avs. B -12.53 02 483 65.30
Bvs. C -11.15 3.7 581 £1.03
Average -11.84 0.185 5.32 6417

a b ) L ol
Avs B -12.53 0.2 483 80.00
Awvs. C 7.7 0.28 397 58.09
Avarags -15.115 0.24 4.4 59.05

a b 5D LG
Avs. C -17.7 .28 187 £68.34
BvaC -11.15 g.17 281 68.14
Average -14.425 0.225 4.89 08.24

Part 5. Plot L-F and salectivity curve for sach webbing.

Frequency

400 -

300 4

200 4

{Use the anginal data to ploi L-F |
Fish Length Waebbing Webbing Webbing
{cm} 136 cm 14.8 cm 16.0 cm

48 0 o] 0
a8 5 8] Q
50 26 o] 0
52 52 1 0
54 102 18 4
56 295 131 17
58 309 362 95
60 118 326 199
62 79 19% 202
64 7 111 133
56 14 44 52
68 8 14 25
70 4 ] 15
72 0 1 -5
74 Q 0 1
76 0 0 o

Determing N, over a rangs of length values using the equation

LT
PN, — g Wt ) TS0
Plot AN, againgt L

Al- 19

B0
Length (cm)

70

| —+-136 #-148 =16’




CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS Exercise 3

Length PN, = PN,
A =] C

40 0.00 0.00 0.00
41 0.00 0.00 .00
42 0.00 0.00 0.00 F0.50 4
43 0.00 4.00 .00 o
44 0.00 .00 .00
45 0.0 .00 0.00
46 0.0 Q.00 0.00
47 0.02 am Q.60
48 0.04 om .00 40 50 60 70 80 S0
43 0.07 0.02 0.00 Length (em]
50 012 0.03 0.00 —#— '35 @145 —a— '
51 0.19 .05 0.00
52 0.28 0.07 0.00
53 0.39 011 0.0
54 0.52 0.16 [tRey|
55 0.66 0.23 0.03
56 0.79 0.3 0.04
57 080 0.40 0.07
54 0.87 0.51 0.1
59 1.00 0.62 0.17
&0 0.88 0.74 0.24
at 0.9 0.84 0.23
62 0.80 0.92 044
83 087 098 0.56
64 0.53 1.00 .69
65 0.40 0.99 D.80
66 0.29 0.94 0.90
a7 0.20 0.BT 0.87
58 0.13 Q.77 1.00
69 0.08 0.66 .99
70 0.05 0.55 0.94
71 0.02 0.44 0.85
72 o 034 .74
73 0.0 0.25 0.62
74 0.00 Q.18 0.50
75 0.00 .13 0.38
78 0.00 .08 0.28
frd ¢.00 0.05 Q.20
78 0.00 0.03 014
79 Q.00 0.02 0.08
80 Q.00 0.01 0.06
81 .00 0.01 0.03
82 Q.00 0.0 0.02
k] 0.00 0.00 0.0
&4 Q.00 0.00 o.M
85 0.00 0.00 0.00
86 0.00 0.00 0.00
87 0.00 0.00 0.00
sa 0.00 0.00 0.00
83 0.00 0.00 0.00
90 0.00 0.00 0.00
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CHAPTER VI - YPR AND SSBPR Exercizas

Northwest Atlantic groundfish species have markadly different growth and mortality rates
as indicated in tha following table.

Species K M M/K W, L.
‘cod 0.12 0.2 1.7 kW d 148
haddock (.38 0.2 0.5 44 T4
*silvar hake 0.18 0.4 22 2.0 65
winter flounder 0.37 0.2 0.5 1.5 63
*yellowtail floundar 0.63 0.2 0.3 .9 48
plaice 0.17 0.2 1.2 2.4 65
summar flounder 0.21 0.2 1.0 7.6 84

Givan this variability in M/X ratios and L, there is the naed to have diffarant harvesting
strategies in terms of age at entry into the fishery and targst fishery mortality levels to maximize
yield. The implementation of these strategies requires differing mash size regulations for a
trawl fishary so as to control age at entry, or retention by the gear.

1. Using the Bevarton-Holt analytical solution to the yield per recruit problem, compare the
harvesting strategies (age at entry to the fishery, and fishing mortality) to maximize yiald for cod,
silver hake and yallowtail flounder. Note that silver hake and cod have a M/K ratlo of about 2.0,
whila yailowtail flounder has a M/K ratio of less than 0.5. Assuming that the selection factor for
diamond mesh trawl codends are 2.7, 3.5, and 2.6 for cod, silver hake, and yelowtail flounder,
respectively, and that management seeks to match trawl selection {L i} to YPRMAX, targets,
determine the appropriate mesh size for sach species. Recall that the simplified von Bertalanffy
age-length relationship is Lo=L et

2. Using the discrete YPR and SSB modei for summar flounder, compare ths yield and spawning
stock biomass curvas for gillnats and trawls if gear reguiations are set so as to achieve L 8 and

L opwr OF 35 cmy as in the prasent regulations, and 55 cm as may be a future target. =
Notes

A. Summer flounder maturity paramaters are a1 = 5 and 41 = 2.37 and length-width relationship
parameters are a = 0.000, and b = 3.07.

B. NPDF SD is 5, and tha LCDF stespness 0.33.

€. Develop the discrete time YPR and S5B per recruit curves at F intervails of 0.1 in the range of
0.0 te 0.5, and intarvals of 0.5 in the range of 0.5 te 3.0,

0. Whan avaluating the S5B curve, note the 20% of virgin SSB line.

A1. 31



CHAPTER VI - YPR AND SSBPR Exercise 1

Use the spreadsheet program in each worksheet to solve for YPR.

Insert the parameter values for each species and use ranges of t. from 1 until a noticeable
maximum yield is reached.

Copy and Paste Special as Values the YPR column {celts K12 to K262) for each /. value.
Graph all ¢ series versus F.

From the graph. select the {. that gives the highest vield. To oblain exact values, look at the
data series.

Next, use the von Bertalanffy growth equation to solve for L, using the t. that gives the highest
yield.

Using that L,, soclve for mesh length by using the equation mf = L ;,/SF.

AJ-42



CHAPTER VI - YPR AND SSBPR Exarcise 1

Bevartan-Holt M 0.2 u n 20 .
Yleld Per Recruit W, 33.7 1 0
K 012} -3 1 1.5 -
coD t, o 3 2
Example: {, = 8 to J - 3. & 1.0 -
t, 0.5 -
Ny 1E+Q
t, 2 0.0
MK 1.8 0.0 0.5 1.0 F 15 20 2.5
£ FW_EXP(.) C Y1 Y20 Y21 Y22 V23 Yield YPR
0 0 a 0 45464 -3512 09845 0.1 0.0000 0

o 0.088038127 884 8,804 43788 -3414 0.973 -0.088 12511.4685 0.125115
0.02 0.136078253 1,704 13,608 42211 -3.321 05523 -0.007 23886.4939 0.238885
0.03 0.20411738 2467 20412 4.0726 -3.233 0.9325 -0.095 34237.0335 0.34237
0.04 0.272156508 3,178 27218 3.9328 -3.148 0.9134 -0.093 43663.50468 0.43683%
0.05 0.3401956833 3,837 34,020 3.8008 -3.068 08951 -0.082 522560066 0.52258
0.08 0.408234759 4,453 40823 36763 -2981 08775 -0.09 600954108 0.8600954
0.07 0.476273838 5029 47627 35587 -2.918 0.8805 -0.08% 67254.3344 0.672543
0.08 0.544313013 5568 54431 134474 -2.848 0.8442 -0.088 73796.0078 0.73798
0.09 0.812352139 6,073 61,235 3.342 -2.781 0.8284 -0.086 79785.0515 0.797851
0.1 0.680391266 6548 68,039 3.2423 -2.717 (.8132 -0.085 85260.1672 0.852682
01 0.748430392 6,990 74,843 3.1476 -2656 0.7988 -0.084 902947589 0.902948
0.12 0.816469519 7,408 81,647 3.0578 -2.597 (.7844 -0.083 949074750 0.949073
0.13 0.8845086845 7802 88,45t 29725 -2541 0.7708 -0.081 99144.7216 0.991447

0.14 0952547772 8,173 95255 28814 -2487 0.7576 -0.08 103041.0839 1.030411

0.15 1.020586898 8,523 102,059 2.8143 -2.435 0.7448 -0.079 1086277300 1.068277
0.18 1.088626025 8,854 108,863 27408 -2.388 0.7325 -0.078 109932.7614 1.099328
0.17 1.156665152 9,167 115,867 2.6708 -2.338 0.7205 -0.077 112981.5283 1.1298135
0.18 1.224704278 9,483 122470 2504 -2292 0708 -0.076 1157968.9110 1.157969
0.19 1.292743405 9,745 129,274 25403 -2.247 0.6978 -0.075 118399.5726 1.183996
0.2 1.380782531 10,012 135,078 24794 -2.205 0.8869 -0.074 120808.1843 1.208082
g21 14266821658 10,268 142,882 24212 -2.164 0.6764 -0.073 123039.6274 1.230398
Q.22 1.4968680764 10,507 149,868 2.3856 -2.124 0.8862 -0.072 125109.1743 1.251082
0.23 1.564890911 10,737 158,480 23t22 -2.088 0.8562 -0.071 127030.8503 1.270307
0.24 1632939038 10,958 183,204 22612 -2.049 0.8486 -0.07 128818.5789 1.288166
0.25 1. 700978164 11,168 170,008 2.2122 -2.013 0.8373 -0.089 130473.3117 1.304783
0.26 1769017291 11,368 176,902 2.1852 -1.979 08282 -0.068 132026.1448 1.320261
027 1.837058417 11,557 183,708 2.1201 -1.945 0.8193 .0.088 133460.4239 1334684
0.28 1905005544 11,740 190,510 20788 -1.813 06108 0067 1348186371 {.348184
0.29 1.97313487 11,918 197,313 2.0351 -1.8682 0.6024 -0.086 1360755002 1380758
0.3 2.041173797 12,084 204,117 1.995 -1.852 0.5943 -0.085 137253.0312 1.37253
0.3¢ 2.109212023 12,245 210,921 1.9585 -1.822 0.5864 -0.085 138355.6185 1.383536
0.32 217725208 12,400 217,725 1.9193 -1.794 (.5788 -0.084 139389.0819 1.393881
.33 2.245291177 12,549 224,529 1.8835 -1.766 0.5711 -0.083 140358.7274 1.403387
0.34 2313330303 12,893 231,333 1.849 -1.74 05838 -0.082 141269.3058 1.412684
0.38 238136943 12,830 238,137 1.8157 -1.714 0.5567 -0.082 1421255078 1.421235
0.28 244408558 12,983 244,941 1.7836 -1.889 0.5487 -0.081 142931.1031 1.429311
0.37 2517447683 13,002 251,745 1.7525 -1.6884 0543 -0.08 143889.8767 1.430899
0.38 2.585486809 13,215 258,549 1.7228 -1.841 0.5363 -0.08 144405.2107 1.444052
0.39 2.853525038 13,334 265,353 1.6935 -1.818 05299 -0.058 145080.2039 1.430802
0.4 2.721565063 13,450 272,157 1.66854 -1.585 05236 -0.058 145717.6075 1457177
0.41 2.780604189 13,581 278,980 1.6383 -1.573 05174 -0.058 146320.2892 1.483203
0.42 2.857643318 13,689 285,784 1612 -1.552 0.5114 -0.057 148890.4038 1.468504
0.43 2925682442 13,773 292,588 1.5888 -1.531 05055 -0.057 147430.2138 1.474302
0.44 2.993721569 13,874 299,372 1.5818 -1.511 0.4908 -0.058 147941.7543 1.479418
0.45 3.081780665 13,972 306,178 1.5378 -1.402 04042 -0.058 148426.8018 1.484269
0.48 3.129799622 14,086 312,980 1.5148 -1473 0.4887 -0.055 148887.3460 1.488873
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0.47
0.48
Q.48
0.5
0.51
0.52
0.53
0.54
0.55
0.58
0.57
0.58
0.59
0.8
0.61
0.62
0.63

0.85
0.66
.67
0.68
0.69
0.7
0.7
0.72
0.73
0.74
0.75
0.76
0.77
0.78
0.79
0.8
0.81
0.82
0.83
0.84
0.85
0.86
087
0.88
0.69
0.9
0.91
0.92
0.83
0.4
0.95
0.96
0.97
0.08
0.99

.01
1.02
1.03
1.04
1.05
1.08

3.197838949
3.265878075
3.333917202
3.401956328
3.4683995455
3.538034581
3.606073708
3.674112834
3.742151981
3.810181088
3.878230214
3.946269341
4.014308487
4.082347594
4.15038672
4.218425847
4.286464974
4,3545041
4,422543227
4.490582353
4.55862148
4 626660808
4.694698733
4.762738859
4830777988
4898817113
4.966858238
5.034895368
5.102934492
51708973619
5.239012745
5307051872
5.375090999
5.443130125
5.51116G252
5.579208378
5647247505
5.715286831
5.783325758
5.851384885
5.919404011
5.687443138
6.055482264
B.12352131
6.191580517
6.250590844
8.32783877
6.395877897
6.463717024
6.53175815
€.599795277
B8.867834403
8.73587353
6.8039126858
6.871951783
8.93099091
7.008030038
7.0760691863
7.144108289
7.212147418

14,158
14,247
14,334
14,418
14,500
14,579
14,658
14,731
14,804
14,875
14,944
15,012
15,077
15,141
15,204
15,2685
15,324
16,382
15,439
15,484
15,548
15,601
15,852
15,703
15,752
15,800
15,848
15,854
15,938
15,983
16,027
16,069
18,111
18,152
16,192
16,231
16,2688
16,307
18,344
16,380
16,418
16,451
16,485
16,519
18,562
18,584
16,618
18,648
18,678
18,708
18,738
18,788
16,798
16,825
16,8563
16,880
16,907
16,933
16,959
16,985

319,784
328,588
333,292
340,196
347,000
353,809
380,807
367,411
374,215
381,019
387,823
394,827
401,431
408,236
415,038
421,843
428,848
435,450
442,254
449,058
455,862
462,668
469,470
476,274
483,078
489,882
496,686
503,480
510,293
517,007
523,901
530,705
537,508
544,313
551,117
557,921
584,725
571,520
§78,333
585,138
591,940
598,744
605,548
§12.352
619,156
626,980
032,764
639,568
648,372
853,178
659,980
668,783
873,587
680,391
€87,185
693,999
700,803
707,807
714,411
721,215

1.4521
1.4702
1.4488
1.4283
1.4082
1.3888
1.3696
1.3512
1.3332
1.3158
1.2988
1.2619
1.2657
1.2409
1.2345
1.29194
1.2048
1.1904
1.1784
1.1628
1.1494
1.1383
1.1238
1.1111
1.0989
1.0868
1.0753
1.06838
1.0526
1.0417
1.0309
1.0204 -1.044
1.0101 -1.035

1 -1.028
0901 -1.017
0.9804 -1.008
0.9708 -0.999
0.9615 -0.99
0.9524 -0.982
0.9434 0973
0.8348
0.9259
0.8174
0.9091

-1.454
-1.438
-1.418
-1.401
-1.384
-1.387
-1.351
-1.338
-1.32
-1.308
-1.201
-1.278
-1.262
-1.248
-1.235
-1.222
-1.208
-1.197
-1.184
-1.172
-1.16
-1.149
-1.137
-1.126
-1.115
-1.104
-1.084
~1.0684
-1.074
-1.064
-1.054

-O 857
-0.948
-0.942
-0.934
-0.928
0.919
0.912

D 8929
0.88%
0.8772
0.2696
0.8821
0.8547 -0.89
0.8475 -0.884
0.8403 -0.877
0.8333 -0.87
-0.804
-0.857
-0.851
-0.845
-0.838
-0.832

-0. 897

0 8197
0.813
0.8085
0.8
0.7837

Al-44

0.4833
0.4781
0.4728
0.4879
0.463
0.4581
0.4534
0.4488
0.4443
04358
0.4355
0.4312
0.427
0.4229
0.4189
0.4148
0.411
0.4072
0.4035
0.3998
0.3962
0.3927
0.3892
0.3858
0.3825
0.3792
0.3758
0.3727
0.3696
0.3665

0 3605
0.3578
0.3547
0.3519
0.3481
0.3463
0.3438
0.3409
0.3383
0.3357
0.3332
0.3307
0.3282
0.3258
0.3224
0.3

0.3187
0.3184
0.3142
0.3119
0.3087
0.3078
0.3054
0.3033
0.3012
0.2982
0.2972
0.2952
0.2932

-0. 039
-0.038
-0.038
-0.038
-0.038
-0.038
-0.038
-0.037
-0.037
-0.037
-0.037
<0.038
-0.038
-0.038
-0.038
-0.0%8
-0.035
-0.035
-0.035
<0.035

149324.7038
149740.4302
150135.8795
150512.3044
150870.8649
151212.8358
151538.6140
151849.7252
152146.8293
152430.7281
152702.1601
152961.8247
153210.3665
153448.3890
153878.4556
153685.0931
154104,7943
1564308.0205
1544909.2040
154884.7501
154863.0391
155034.4283
155199.2535
1565357 .8303

. 155510.4560

155857 4105
155798.9577
155935.3483
156066.8112
1568193.5743
1583158450
158433.8217
158547.6917
166657.6327
1568783.8129
156866.3518
156965.5201
157061.3418
157153.9930
157243.6030
157330.2948
157414,1853
157495,3859
157574.0024
157850.1358
157723.8817
157795.3322
157864.5744
157831.6917
157996.7635
158059.6858
+58121.0712
158180.4488
158238.0851
1582939822
158348.2639
158400.9651
158452.1423
158501.8488
158550.1355

Exercise 1

1.493247
1.497404
1.501358
1.508123
1.508700
1.512120
1.515388
1.518497
1.521468
1.524307
1.527022
1.529618
1.532104
1.534484
1.538788
1.538951
1.541048
1.54308
1.544992
1.540848
1.54883
1.550344
1.551993
1.583578
1.555105
1.558374
1.5579%
1.559333
1.560863
1.861938
1.363158
1.564338
1.565477
1.566578
1.567838
1.5686684
1.5696353
1.370813
1.57154
1.572438
1.573303
1.574142
1.574934
1.57574
1.576501
1.57723%
1.577953
1.578848
1.379317
1.579988
1.580599
1.581211
1.581804
1.582381
1.58204
1.583483
1.58401
1.584521
1.585018
1.588501
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107
1.08
1.00
1.1
1.11
112
1.13
114
1.15
1.18
1147
1.18
1.19
12
1.21
122
123
1.24
1.25
1.26
127
128
1.29
1.3
1.31
132
1.33
134
1.35
1.38
1.37
1.38
1.39
1.4
1.44
1.42
1.43
144
145
148
1.47
1.48
149
15
1.51
152
153
1.54
1.55
156
1.57
158
159
16
161
1.62
1.63
1.64
1.85
166

7.280186542
7.348225669
7.416264795
7.484303922
7.552343049
7.620382175
7.688421302
7.756480428
7.824499555
7.8925386881
7.960577808
8.028616935
8.098656061
8.164695188
8.232734314
B8.30077344 1
8.3688125687
8.436851094
8.504890821
8.572929947
9.640068074
8.7090082
B.777047327
8.845088453
891312558
B.981184708
9.049203833
9.11724298
9.185282088
9.253321213
9.32136032¢9
9.359399468
9.457438592
9.525477719
9.593516848
9.681555972
9.729595008
9.797834225
9.885873352
9.933712478
10.0017516
10.06979073

10.13782988

10.20588898
10.27300811
1034194724
10.40598630
10.47802549
10.546008482
10.81410374
10.68214287
10.750182
10.81822112
10.88626025
10.95429938
11.0223385
11.08037783
11.15841678
11.22645588
11.29449501

17,010
17,035
17,059
17,084
17,107
17,131
17,154
17,178
17,199
17,221
17,242
17,264
17.285
17,305
17,326
17,348
17.388
17,388
17,405
17.424
17,443
17,481
17,480
17,496
17,516
17,533
17,550
17,568
17,588
17,601
17,618
17.834
17,850
17,668
17,682
17,607
17,712
17,727
17,742
17,757
17,772
17.786
17,800
17,814
17,828
17,842
17,858
17,869
17,802
17,805
17,908
17,921
17,934
17,948
17,958
17,971
17.983
17,985
18,007
18,019

728,019
734,823
741,628
748,430
755,234
762,038
768,842
775,648
782,450
789,254
796,058
802,862
809,666
816,470
823.273
830,077
836,881
843,685
850,489
857,293
864,097
870,901
877,705
884,509
891,313
898,118
904,820
911,724
918,528
825,332
932,136
938,940
945,744
952,548
968,352
968,156
972,960
979,763
908,567
993,371
1,000,175
1,008,979
1,013,783
1,020,587
1,027,381
1,034,185
1,040,999
1,047,803
1,054,608
1,061,410
1,068,214
1,075,018
1,081,822
1,088,626
1,095,430
1,102,234
1,109,038
1,115,842
1,122,648
1,129,450

£.826
0.82
0815
-0.809
-0.803
-0.758
-0.792
-0.787
0781
0.776

0.7874
0.7812
0.7752
0.7692
0.7634
0.7578
0.7519
0.7463
Q.7407
0.7353
0.72909 0771
0.7248 -0.768
0.7194 -0.781
0.7143 -0.756
0.7082 -0.751
0.7042 -0.746
0.6883 -0.741
0.8944 -0.738
0.8897 -0.732
0.6849 -0.727
0.6803 0722
0.8757 -0.718
0.6711 0.713
0.6867 -0.709
0.6623 -0.705
aes79 0.7
0.6536 -0.696
0.6494 -0.692
0.6452 688
0.641 0684
0.8369 -0.88
0.68328 -0.676
0.6289 -0.672
0.625 088
0.6211 -0.684
08173 -0.68
0.6135 -0.6856
Q0.8088 -0.653
0.8081 -0.849
0.6024 -0.645
0.5088 -0.642
0.5952 -0.838
0.5M7 0835
0.5882 -0.631
0.5648 -0.820
05814 0.824
0.578 -0.821
0.5747 0618
0.5714 -0.814
0.5682 -0.811
0.565 -0.608
0.5618
0.5587
0.5558
0.5525
0.5495
0.5464
0.5435
0.5405
0.5378

0.2913
0.2854
0.287%
0.2858
0.2838
0.2819
0.2801
0.2784
0.2788
0.2749
0.2732
02715
0.2698
0.2682
0.2608
0.268
0.2834
0.2818
0.2602
0.2587
0.2572
0.2557
0.2542
0.2528
0.2813
0.2499
0.2485
0.24M1
0.2457
0.2443
0.243
0.2417
0.2403
0.239
0.2377
0.2365
0.2352
0.2339
0.2327
0.2315
0.2303
0.2291
0.2279
0.2267
0.2258
0.2244
0.2233
0.2221
0.221
0.2199
0.2188
0.2177
0.2187
0.2158
0.2145
0.2135
0.2125
0.2115
0.2104
0.2094

0.034
-0.034
-0.034
-0.034
-0.034
-0.033
-0.033
£.033
-0.032
-0.033
-0.032
-0.032
-0.032
-0.032
-0.032
-0.032
-0.031
-0.031
-0.031
-0.031
-0.031
-0.031
0.03
-0.03
-0.03
-0.03
0.03
0.03
-0.029
-0.029
-0.029
-0.029
-0.029
-0.029
-0.028
-0.028
-0.028
-0.028
-0.028
-0.028
-0.028
-0.028
-0.027

H.027
-0.027
-0.027
-0.027
-0.027
-0.026
-0.028
-0.026
-0.028
-0.028
-0.026
£0.026
-0.026
-0.026
-0.025
-0.025

158587.0513
158642.6429
158886.9653
158730.0314
168771.9128
158812.6390
158852.2481
158880.7768
158028.26802
158084.7321
159000.2249
159034.7700
159068.3973
158101.1358
158133.0134
159164 0567
159158429186
159223.7428
158252.4345
159280.3895
159307.6302
159334.1780
159380.0534
150385.2765
158409.8665
158433.8420
158457.2207
156480.0202
159502.2569
159523.9471
158545.1063
158565.7498
1595858915
159600.5481
150824.7269
150643.4471
169661.7195
159679.5563
159698.9654
158713.9703
158730.5701
150748.7797
159762.8095
159778.0897
159793.1699
159807.9197
158822.3293
165838.4048
158850.1572
159863.5948
1598786.7248
159889.5557
159902.0849
159914.3499
159828.3279
159938.0356
159949.4800
155960.6877
1598971.6050
158982.2980
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1.585971
1.588428
1.58887
1.3873
1.587719
1.5881286
1.588522
1.588908
1.589283
1.580847
1.590002
1.580348
1.580684
1.591011
1.59133
1.591841
1.591943
1.592237
1.592524
1.592804
1.593078
1.593342
1.593801
1.593833
1.594089
1.594338
1.564872
1.5948
1.595023
1.59523%
1.595431
1.595857
1.595859
1.59805%
1.596247
1.508434
1.506817
1.596796
1.50697
1.50714
1.597304
1.597488
1.507826
1.597781
1.597932
1.508079
1.598223
1.598304
1.598502
1.598638
1.598767
1.598808
1.599021
1.598143
1.599263
1.59938
1.590495
1.599607
1.500716
1.599823
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1.67
1.68
1.69
17
1.71
1.72
1.73
1.74
1.756
1.78
.77
1.78
1.79
18
1.8
1.82
1.83
1.84
1.85
1.86
1.87
1.89
1.89
1.9
1.91
1.92
1.93
1.94
1.95
1.86
1.97
1.8
199
2

2.02
2.03
2.04
2.05
2.08
2.07
2.08

2.1
21
212
2.13
2.14
218
2.18
2.17
218
2.18

22
2.21
2.22
2.23
2.24
225
2.28

20

11.36253414
11.43057328
11.43861239
11.566685152
1163460064
11.70272977
11.7707689
11.83880802
11.90884715
11.87488628
12.0429254
12.11098453
12.17900385
12.24704278
12.31508141
12.38312103
12.45116016
12.51919929
12.58723841
12.65627754
12.72331687
12.79135579
12.85039492
1292743405
1299547317
13.0635123
13.13155143
13.19959055
13.267629648
13.33566681
13.40370793
13.47174708
13.53978819
13.607825H1
13.67586444
13.74390357
13.811894269
13.87988182
13.04802085
14.016068007
14.0840882
14.15213833

18,030
18,042
18,053
18,064
18,078
18,087
18,097
18,108
18,119
18,129
18,140
18,150
18,161
18,171
18,181
18,191
18,201
18,210
18,220
18,229
18,239
18,248
18,258
18,287
18,276
18,285
18,204
18,303
18,212
18,320
18,320
18,337
18,348
18,354
18,383
18,371
18,379
18,387
18,395
18,403
18,411
16,418

14.22017745 18,426
14.288216858 18,424

14 366825571
14.42420483
1449233306
14.56037308
1462841221
14.69645134
14.76449048
14.83252958
14.80056872
14.96880784
15.03664697
15.1048381
15.17272522
15.24078438
15.30880348
15.3768428

18,442
18,449
18,457
18,484
18,471
18,479
18,480
16,483
18,500
18,507
18,514
18,521
18,528
18,538
18,542
18,548

1,136,253
1,143,057
1,149,881
1,156,685
1,163,489
1,170,273
1177.077
1,183,881
1,190,885
1,197,488
1,204,283
1,211,096
1,217,800
1,224,704
1,231,508
1,238,312
1,245,116
1,251,920
1,258,724
1,265,528
1,272,332
1,279,138
1,285,939
1,282,743
1,299,547
1,308,351
1313155
1,319,958
1,326,763
1,333,587
1,340,371
1,347,175
1,353,979
1,360,783
1,387 586
1,374,390
1,381,194
1,387,988
1,384,802
1,401,608
1,408,410
1413,214
1,422,018
1,428,822
1,435,626
1,442,429
1,449,233
1,456,037
1,462,841
1,469,645
1,478,448
1,483,253
1,490,057
1,496,881
1,503,665
1,510,469
1,517,273
1,524,078
1,530,880
1,537,684
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0.577
-0.574
-0.571
-0.569
-0.588
0.5683

0.2084
0.2075
0.2085
0.2055
0.2048
0.2036
0.5 0.2027
-0.558 0.2018
-0.555 0.2008
-0.552 0.1999
055 0.199
0.547 0.1981
0.544 0.1972
0.542 0.1963
-0.538 0.1955
£.537 0.1948
£0.534 0.1938
-0.532 0.1929
-0.529 0.1921
-0.527 0.1912
0.525 0.1904
-0.522 0.1898
-0.52 0.1888
0517 0.188
0515 0.1872
-0.513 0.1684
-0.511 0.1858
£.508 0.1848
-0.508 0.184
-0.504 0.1833
-0.502 0.182%
0.498 0.1817
0487 0131
-0.495 0.1803
-0.493 01795
-0.491 0.1788
-0.489 0.1781
0487 01773
-0.485 0.1768
-0.483 01758
-0.481 0.1752
0.479 0.1745
0.477 01738
0475 0.1732
0473 01725
0.471 01718
0488 01711
-0.487 Q1705
0.1688
0.1692
0.1685
0.1679
0.1872
0.1666
0.168
0.1853
0.1647
0.1841
0.1835
0.1629

-0.483
-0.461
-0.458
-0.458

-0.454
-0.452

0.449
0.447
<0.445

159992.7529
160002.754
1680012.713
160022.7459
160032.3047
160041.8529
1680050.7955
160059.7374
160088.4835
160077.0382
160085 4063
160093.5920
160101.5996
160109.4333
160117.0971
1680124.5949
180131.9308
160129.1079
1680148.1306
180153.0017
160159.7251
160166.3041
160172.7418
160179.0415
160185.2062
1680191.2389
160187.1427
160202.9202
180208.5744
160214.1078
160219.5233
160224.8232
160230.0103
160235.0868
160240.0552
160244.9178
180249.6770
160254.3348
160258.8934
160263.3551
160267.7217
160271.9954
160276.1781
160280.2718
160284.2779
160288.1988
160292.0381
160205.7914
160299.4685
180303.0630
180306.5826
180310.0268
180313.3971
180318.68952
180318.9223
180323.06800
160326.1897
180329,1928
160332.1505
180335.0442
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1.599928
1.60003
1.80013

1.800227
1.600323
1.800417
1.600508
1.800597
1.800645%
1.80077
1.600854
1.80093¢
1.801016
1.801094
1.601171
1.601248
1.801310
1.601391
1.601481
1.80153
1.801597

1.601683

1.801727
1.80179

1.801852
1.801812
1.801871

1.602029

1.60208¢&

1.602141
1.802183
1.802248

1.6023

1.802351
1.802401

1.802449

1.602497

1.802543
1.802%89
1.602634
1.602877
1.80272

1.602762
1.602803

1.802843

1.602882
1.80292

1.802948
1.60299%
1.603031

1.803088

1.8031

1.603134
1.603167

1.603189

1.803231

1.603282

1.803292

1.603322
1.60335%
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2.27 15.44488173 18,555 1,544,488 0.4048 0444 01623 0.02 160337.8751 1.603379
228 15.51292086 18,561 1,561,292 0.4032 -0.442 0.1617 -0.02 160340.6448 1.8603408
229 15.58095998 18,568 1,558,096 0.4018 -0.44 01611 -0.02 160343.3538 1.803434
2.3 15.64899911 18,574 1,564,900 0.4 0438 0.1605 -0.02 1603468.0039 1.80348
231 15.71703824 18,561 1,571,704 0.3984 -0.437 0.1589 -0.02 180348.5062 1.603488
232 15.78507736 18,587 1,578,508 0.3968 -0.435 0.1504 -0.019 160351.1318 1.603511
233 15.85311649 18,584 1,585,312 0.3953 -0.433 0.1588 -0.019 1680353.6115 1.603538
2.34 15.92115562 18,600 1,592,118 0.3937 -0.432 0.1582 -0.019 180356.0387 1.801%8
2.35 16.98919474 18,806 1,506,919 0.3922 -0.43 0.1578 -0.019 160358.4085 1.803584
2.38 16.05723387 18.612 1,805,723 0.3908 -0.429 0.1571 -0.019 160360.7278 1.803807
237 16.125273 18,618 1,812,527 0.3891 -0.427 0.1565 -0.019 160362.5957 1.60383
2.38 1618331212 18,625 1,619,331 0.3876 0425 0.156 -0.019 160385.2132 1.803852
2.3% 16.268135125 18,631 1,626,135 0.3881 -0.424 0.1554 -0.019 160367.3813 1.803674
24 16.32939038 18,637 1,632,939 0.3846 -0.422 0.1548 -0.019 160369.5008 1.803593
2.4 16.3974295 18,643 1,839,743 0.3831 -0.421 0.1543 -0.019 160371.5728 1.603718
242 18.46548863 18,648 1,848,547 0.3817 -0.419 0.1538 -0.019 160373.5881 1.603736
243 16.53350776 18,654 1,853,351 (0.3802 -0.418 0.1532 -0.019 180375.5777 1.803756
2.44 18.80154688 18.660 1,660,155 0.3788 -0.418 0.1527 -0.019 1803775124 1.80377S
245 16.66958601 18,666 1,686,959 0.3774 -0.415 0.1522 -0.019 160379.4031 1.603794
2.48 16.73762513 18,672 1,673,763 0.3759 -0.413 0.1517 -0.019 180381.2506 1.603813
247 16.80568426 18,677 1,680,566 0.3745 -0.412 0.1511 -0.019 160383.0558 1.603831
2.46 16.87370339 18,683 1,687,370 0.3731 -0.41 0.1508 -0.018 180384.8194 1.603843
249 18.94174251 18,669 1.894,174 0.3717 0409 0.1501 -0.018 160386.5422 1.803885
2.5 17.00978184 18,694 1,700,978 0.3704 -0.407 0.1496 -0.018 160388.2251 1.603882

Exercise 1
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CHAPTER VI - YPR AND SSBPR

YPR

1.8 ~

coo

AT A

F t,=1 t,=2 (,=3 I, =4 t,=5 t,=8 1(,=7 (=8 t,=
0 0 0 0 0 0 0 0 0 0

0.01 01781 0.1787 0.1769 0.1719 0.1838 0.152569 0.1395 0.1251 0.1102
0.02 0325 03292 03286 03216 0.308 0.288754 0.2652 0.2389 0.2112
0.03 0.4456 04556 0.4588 0.452 04356 0410418 0.3788 0.3424 0.3039
0.04 05442 0.5616 0.5699 0.5857 0.5483 0519195 0.481 04366 0.3889
0.05 06242 06502 08652 06647 0.648 0.616535 0.5735 0.5228 0.487
006 0.6885 0.7238 07485 0751 0.7382 0703715 0.8573 0.601 0.5388
0.07 0.7397 0.7848 0.8159 08282 08142 0.781862 0.7331 06725 0.6048
0.08 07798 0835 08748 08917 0.8834 0.851972 08018 0738 0.6656
0.09 08108 0.878 0.9249 09488 0.9448 0914827 0.8641 07979 0.7217
01 08338 0908 09672 08982 0999 0.971505 0.9207 0.8527 0.7734
0.11 0.8501 0.9354 1.0028 1.0412 1.0471 1.022397 0.9722 09029 0.8211
0.12 0.8811 0.9581 1.0328 1.0786 10899 1.068213 1.019 09491 0.8652
0.13 08675 0.9719 1.0574 1.111 11278 1.109434 1.0817 (.9914 0.906
0.14 08701 0.9835 1.0779 1.138 11614 1.146722 1.1008 1.0304 0.9438
0.15 056968 09916 1.0048 11632 11913 1.180321 1.1361 1.0863 0.9788
0.16 0.8664 0.9987 1.1081 1.184 1.2178 1210672 1.1885 1.0983 1.0113
0.17 0.8611 0.9993 11188 12019 1.2413 1238108 1.1882 1.1208 1.0414
0.18 0.854 09998 1.127 12171 1.2622 1.26293t1 1.225¢ 1.158 1.0895
019 08455 0.9984 1.1332 12301 1.2807 1.285408 12503 1.184 1.0955
0.2 08358 009855 1.1375 1.2411 12071 130577 1.2732 1.2081 1.1198
021 08252 09913 11403 12508 1.3117 1324234 12842 12304 1.1425
022 0.8138 09861 1.1417 1258 1.3245 1340987 1.3135 12511 1.1638
023 0802 09799 1.1419 1.2643 13359 1.358188 1.3312 1.2703 1.1833
0.24 07897 0973 1.1412 1.2694 1.346 1.370016 1.3478 1.2882 1.2018
025 0.7772 0.9655 1.1395 12734 1.3548 1.382576 1.3627 13048 1219
026 0.7644 09578 1.1372 1.2785 1.3626 1.393998 1.3767 1.3203 1.2352
027 0.7515 09492 1.1342 1.2788 1.3804 1.404301 1.3808 1.3347 1.2504
0.28 0.7385 09405 1.1308 1.2803 1.3754 1.41385% 14015 1.3482 1.2648
029 07256 09318 1.1288 1.2813 1.3808 1422465 14128 1.3808 1.278
03 07128 08225 11223 12818 13852 1430311 14228 13725 12006
031 07 09133 1.1175 1.2815 1.3891 1437458 1.4323 1.3838 1.3025

Exercise 1
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0.33
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0.

0.38
0.4
0.41
0.42
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0.44
0.45
0.48
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0.5
0.51
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0.53
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0.58
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0.81
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0.63
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0.85
0.86
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0 63
0.7
0.71
orz
0.73
074
Q.75
0.78
0.77
0.78
0.79

0.8%
0.82
.83
0.84
0.85
0.88
0.87
0.88
0.88
0.9
0.91

0.58

0.6874
0.8749
0.6627
0.6508
0.6387
0.6271
0.6157
0.68048
0.5838
0.583
0.5725
0.5623
0.5524
Q.5427
0.5332
0.524
0.5148

0. 4978
0.4892
0.4811
0.4731
0.4654
0.4578
0.4505
0.4433
0.4363
0.4205
0.4228
0.4184
0.41
0.4038
0.3978
0.392
0.3883
0.3807
0.3752
0.3698
0.3647
0.3598
0.3547
0.3489
0.3452
0.3405

0. 3317
0.3274
0.3232
0.3151
0.3151
0.311
0.3073
0.3038
0.2999
0.2983
0.2928
0.2854
0.288
0.2827
0.2795

0.9041
0.8948
0.8854
0.8781
0.8689
0.8a577
0.8438
0.8396
0.8307
0.8219
0.8132
0.8047
0.7963
0.788
0.7799
0.7719
0.7841
0.7564
0.7489
0.7415
0.7342
0.1271
0.7201
07133
0.7085
0.7
0.6935
0.6872
0.681
0.875
0.669
0.6832
0.8575
0.6519
0.6485
0.8411
0.6358
0.6307
0.82568
0.8207
0.8158
g.e111
0.8064
0.8019
0.5874
0.593
0.5887
0.5845
0.5803
0.5782
0.5723
0.5882
0.5845
0.5607
0.557
0.5534
0.5498
0.5464
0.5429
0.5395

11128
1.1074
1.102
1.0964
1.0908
1.085
1.0792
1.0733
1.0874
1.0615
1.0558
1.0498
1.0439
1.0381
1.0323
1.0265
1.0209
1.0152
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0.8429
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1.2358
1.2324
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1.1421
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1.3977
1.3997
1.4013
1.4026
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1.3518
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1.47582
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1.484329
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1.500048
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1.502151
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1.500623
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1.499005
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1.4441
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1.4832
1.4889
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1.5655
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1.4781
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1.4957
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1.5299
1.5
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1.0451
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1.3384
1.3372
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1.3278
1.3264
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1.3241
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1.3219
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1.3185
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1.3145
1.3134
1.3124
1.3114
1.3104
1.3084
1.308%
1.3075
1.3065
1.3058
1.3047
1.30397
1.3028
1.3019
1.301
1.3001
1.2982
1.2983
1.2875
1.2968
1.2958
1.2948
1.2941
1.2833
1.2924
1.2918
1.2808
1.29
1.2883
1.2885
1.2877
1.2869
1.2862
1.2854
1.2847

1.493584
1.493089
1.492591
1.49209
1.491588
1.451083
1490677
1.49007
1.489582
1.489053
1.488544
1.488035
1.487526
1.487017
1.486508
1.486001
1.4B5495
1.48498¢9
1.484484
1.483981
1.48348
1.48298
1.482481
1.481985
1.48149
1.480687
1.480508
1.480018
1.47953%
1.479047
1.478566
1.478088
1.477809
1.477135
1.476663
1.476193
1.475727
1.475262
1.474801
1.474342
1.473886
1.473433
1.472082
1.472534
1.472089
1.471848
1.471207
1.47077
1.470338
1.489905
1.468478
1.468051
1.466620
1.488208
1.46779
1467278
1.488064
1.466556
1.468149
1.485748

156858
1.5687
1.5888
1.568
1.5881
1.5693
1,5694
1.5695
1.5606
1.5687
15698
1.5699
1.5809
157
157
15701
1.5701
1.5701
1.5701
1.5702
1.5702
1.5702
1.5702
1.5701
1.5701
1.5701
1.5701
15701
1.57
1.57
1.57
1.5699
1,5699
1.5698
1.5658
1.5697
1.5696
1.5606
1.5695
1.5694
1.5604
1.5693
1.5692
1.5692
1.5691
1.589
1.5689
1.5888
1.5687
1,5687
1.5888
1.5688
1.5684
1.5883

1, 5681
1.568
1.5679
1.5678
1.5877

1.5772
1.578
1.5788
1.5793
1.5
1.5808
1.5812
1.5818
1.5824
1.5829
1.5835
1.584
1.5845
1.585
1.5855
1.586
1.5664
1.5669
1.5873
1.5877
1.5881
1.5885
1.5888
1.5883
1.5898
1.58
1.5803
1.5807
1.591
1.5913
1.5918&
1.5919
1.5922
1.5925
1.5928
1.5
1.5933
1.5628
1.5939
1.5641
1.5643
1.5848
1.5848
1.598
1.5852
1.5056
1.5957
1.5068
1.5981
1.50682
1.50684
1.5968
1.5968
1.587
1.5971
1.5873
1.5975
1.5678
1.5878
1.5979

1.6333
1.5344
1.5354
1.5385
1.5375
1.5385
1.5384
1.5404
1.5413
1.5422
1.543
1.5439
1.5447
1.5455
1.5483
1.5471
1.547%
1.5488
1.5483
1.55
1.55Q7
1.5514
1.5621
1.5827
1.5634
1.554
1.5548
1.5552
1.5558
1.5564
1.5569
1.5875
1.556
1,5588
1.5591
1.5596
1.56801
1.5608
15811
1.5618
1.582
1.5625
1.5628
1.5634
1.5638
1.5642
1.5648
1.56561
1.56855
1.5659
1.5662
1.5668
1.567
1.5674
1.5877
1.5681
1.5864
1.5688
1.5691
1.5695
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221 01163 03477 08579 09749 1.2458 1443448 1.5606 1.5032 1.5841
222 01158 0.3471 0.8573 0.9744 1.2455 1.443201 15606 1.8032 1.5842
223 0.1154 03484 08568 09738 1.245t 1.442055 1.5604 1.6033 1.5844
224 (.1149 03458 0656 09733 1.2447 144271 15603 1.8033 1.5845
225 0.1145 03452 0.6554 0.9727 1.2443 1.442487 1.5602 1.6033 1.5846
228 0.1141 03446 0.8548 09722 1.2439 1.442226 1.5601 1.6034 1.5847
227 01136 0344 068541 09716 1.2435 1441988 156 18034 15843
228 01132 03434 06535 09711 1.2431 1441747 15599 1.6034 1585
228 0.1128 03429 0.8529 0.9708 1.2427 1441571 15598 1.6034 1.5851
23 0.1124 03423 06523 0.9701 1.2423 1441275 15597 18035 1.5852
2. 0.112 0.3417 0.B517 0.9695 1.2419 1441041 1.5598 1.8035 1.5853
232  0.1118 0.3412 0.6511 0868 12415 1440808 1.55956 16035 1.5854
233 01112 0.3408 0.8505 0.9685 12412 1440573 15584 1.8035 1.5855
234 01108 034 065 0088 12408 1.440348 15593 1.8038 1.5857
2.35 0.1104 0.3395 064894 09675 1.2404 144012 15592 1.6036 1.5858
2.36 0.11  0.3388 06488 0987 124 1430884 15532 1.6036 1.5859
237 0.1008 03384 06482 09665 12387 1439669 15581 1.6038 1.58@
238  0.1092 0.3379 08477 0986 12393 1439445 1.569 1.6037 1.5861
239 0.1088 03373 08471 09655 1.2388 1.439223 15589 1.8037 1.5862
24 01085 (3388 0.6468 0965 12386 1439002 1.5538 1.6037 1.5863
241 01081 0.3383 0646 0.9648 1.2382 1438782 15587 1.8037 1.5064
242 0.1077 0.3358 0.5455 0.9641 1.2379 1438564 155868 16037 1.5865
243 01073 0.3352 0.8449 0.9638 1.2375 1438347 1.5585 1.8038 1.5868
244 0107 03347 0.8444 0.9831 1.2372 1.438131 15684 16038 1.5867
245 01066 03342 08439 09627 1.2368 1437917 1.5584 16038 1.5868
248 0.1063 0.3337 0.6433 0.9622 1.2365 1437704 15583 1.6038 1.5868
247 01050 0.3332 0.8428 0.9618 1.2381 1437493 15582 16038 1.587
248 0.1056 03327 06423 0.9613 1.2358 1437283 1.5581 1.6038 1.5871
249 01052 03322 06418 0.9608 1.2354 1.437074 1558 16039 1.5872
25 0.1049 03318 0.6412 0.9604 1.2351 1.43686@ 1.5679 1.6039 1.5873

IFor cod, the t,, that gives ths highest

yield is age 8.

Solving for L ;:

L,2L.(1-a"

L, = 148°(1-0 T
91.332

mi = La/SF
=91.33/3.7
24.684 cm

Then, soive for the mesh lengthy:

Exercise *



CHAPTER VI - YPR AND SSBPR Exercis« 1

Baverton-Holt M 0.4 U n 0.06
Yield Per Recruit w_ 2 1 4]
K o.18] -3 1 0.05 -
SILVER HAKE to of 3 2 || &%
Example: t, =4 % t a -1 3 & 003 -
t, ﬂl‘_— 002 -
Ny 1E+05 001 .
t, 20 000 : :
M/K 2.22 -0.5 05 g 15 25
F FW_EXP() C Y1{ Y20 Y21 Y22 Y23 Yield YPR
0 0 0 0 24958 2517 09352 -0.123 0.0000 0

0.01 0.00403793 492 404 24356 -2.475 0.9231 -0.121 307.8730 0.003079
0.02 0.008075861 860 808 23781 -2434 (09113 -0.12 584.0684 0.005941
0.03 0012113791 1,407 1211 23232 -2394 (08997 -0.119 860.4376 0.008604
0.04 0.016151721 1,834 1,615 22707 -2.355 0.8885 -0.118 1108.6494 0.041086
0.05 0020189652 2242 2019 22206 -2.3t8 0.8775 -0.116 1340.2104 0.013402
0.06 0024227582 2632 2,423 2.1725 -2.282 (8668 -0.115 1556.4824 0.015565
0.07 0.028265513 3.005 2827 21265 -2.246 C.B564 -0.114 1758.6978 0.017587
0.08 0.032303443 3,363 3,230 20824 -2.212 0.8462 -0.113 1947.9735 0.01948
0.09 0.036341373 3,707 38634 204 -2179 08362 -0.112 21253228 0.021253
0.1 0040379304 4,037 4,038 1.9993 -2.147 0.8265 -0.111 2291.6663 0.022917
0.1 0.044417234 4353 4442 19602 -2116 0817 -0.11 2447.8413 0.024478
0.12 0.048455164 4,658 4846 19226 -2.086 0.8077 -0.109 2584 6106 0.025946
0.13 0.052493005 4,951 5249 18864 -2057 0.7986 -0.10B 2732.8697 0.027327
0.14 0.056531025 5233 5653 1.8515 -2.028 07898 -0.107 28B62.6534 0.028627
0.15 0.060568955 5505 6057 18178 -2 0.7811 -0.106 29851424 0.029851
0.16 0064606886 5,768 6,461 17855 -1.973 07726 -0.105 3100.6678 0.031007
0.17 0.068644816 6,021 6864 17542 -1.947 0.76843 -0.104 3209.7163 0€.032097
0.18 0.072682746 6,265 7268 1.724 -1921 07562 -0.103 3312.7345 0.033127
0.18 0.076720677 6,501 7,672 16848 -1.896 0.7482 -0.102 3410.1324 0.034101
02 0.080758607 6,729 8,076 16666 -1.872 0.7404 -0.101 3502.2871 0.035023
0.21 0.084796538 6,950 8,480 16382 -1.848 07328 -0.t 3589.5457 0.035895
0.22 0.088834468 7,164 8,883 1.6128 -1.825 0.7253 -0.099 36722279 0.036722
0.23 0.092872398 7,371 9,287 1.5872 -1.803 0718 -0.089 3750.6286 0.037506
0.24 0.096910329 7,57t 8691 15824 -1.781 0.7108 -0.098 3825.0204 0.03825
0.25 0100948268 7,765 10,085 1.5384 -1.759 0.7037 -0.097 38956550 0.038957
0.26 0.104986189 7953 10489 1.5151 -1.738 0.6968 -0.096 3962.7653 0.039628
0.27 0.10902412 8,136 10,902 14925 -1.718 06901 -0.095 4026.5672 0.04026&
0.28 0.11306205 8,313 11,306 14706 -1.698 06834 -0.095 4087.2607 0.040873
0.2¢ 0.11709998 8485 11,710 14493 -1.678 0.6769 -0.084 41450316 0.04145
0.3 0.121137911 8853 12,114 14286 -1.659 06706 -0.093 42000522 0.0420(1
0.3 0125175841 8,815 12,518 1.4084 -1.641 06643 -0.092 42524829 0.042525
0.32 0.129213772 8,973 12,921 1.3889 -1.623 0.6581 -0.002 4302.4730 0.043025
0.33- 0133251702 9,127 13,325 1.3689 -1.605 06521 -0.091 4350.1613 0.043502
0.34 . 0.137289632 9,276 13,729 1.3513 -1.587 0.6462 -0.08 43956774 0.043957
0.35 0141327563 9,422 14133 13333 -1.57 06403 -0.089 4439.1422 0.044391
0.26 0.145365493 9,563 14,537 13158 -1.553 06346 -0.089 44806686 0.044807
0.37 0.149403423 9,701 14,940 1.2987 -1.537 0629 -0088 4520.3619 0.045204
0.38 0.153441354 95,836 15344 1.282 -1.521 0.6235 -0.087 4558.3208 0.045583
0.39 0.157479284 9,967 15748 1.2658 -1.505 0.6181 -0.087 4584 6376 0.045946
0.4 0.161517214 10,095 16,152 125 -1.49 0.6127 -0.086 4629.3988 0.046294
0.41 0.165555145 10,219 16,556 1.2346 -1.475 0.6075 -0.085 4662.6853 0.046627
0.42 0.168593075 10,341 16,859 1.2195 -1.46 06024 -0.085 4694.5732 0.046946
043 0.173631005 10460 17,363 1.2048 -1.446 0.5973 -0.084 4725.1338 0.047251
0.44 0.177668936 10,576 17,767 1.1905 -1.432 0.5923 -0.084 4754.4342 0.047544
0.45 0.181706866 10,689 18,171 1.1765 -1418 (.5874 -0.083 4782.5373 0.047825
0.46 0.185744797 10,799 18,574 1.1628 -1.404 0.5826 -0.082 4809.5023 0.048095
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0.47
0.48
0.49
0.5
0.51
0.52
.53
0.54
0.55
0.56
0.57
0.58
0.58
0.6
(.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.69
0.7
0.71
072
0.73
0.74
075
0.76
0.77
0.78
079
03
0.81
0.82
0.83
0.84
0.85
0.86
0.87
0.88
0.8g
(1R
0.91
092
0.93

0.95

0.97
0.98
0.99

1.01
t.02
1.03
1.04
1.05
1.06

0.94 -

0.189782727
0.193820657
0.197858588
0.201896518
0.205834448
0.20997237%
0.214010309
0.218048239
0.22208617
0.2261241
0230162031
0.234199961
0238237891
0.242275822
0.246313752
0.250351682
0.254389612
0.258427543
0.262465473
0.266503404
0.270541334
0.274579264
0.278617185
0.282655125
0.286693056
0.290730986
0.294768916
0.298806847
0.302844777
0.306882707
0.310920638
0.314958568
0.318996498
0.323034429
0.327072359
0.33111029
0.33514822
0.33918615
0.343224081
0.347262011
0.351299941
0.355337872
0.359375802
0.363413732
0.367451663
0.371489593
0.375527523
0.379565454
0.383603384
0.387641315
0.291679245
0.395717175
0.399755106
0.403793036
0.407830966
0.411868897
0.415906827
0.419944757
0.423982688
(.428020618

10,907
11,013
11,118
11.216
11.315
11,412
11,506
11,548
11,689
1,777
11,864
1,949
12,032
12114
12,194
12,272
12,349
12,424
12,498
12,571
12,642
12,712
12,781
12,848
12,914
12,979
13,043
13,106
13,167
13,228
13,287
13,346
13.403
13,460
13,515
13,870
13,624
13.677
13,729
13,780
13,831
13,880
13,929
13,977
14,025
14,072
14,118
14,163
14,208
14,252
14,295
14,338
14,380
14,421
14,462
14,502
14,542
14,581
14,620
14,658

18,978
19,382
19,786
20,190
20,593
20.997
21.401
21.808
22,209
22,612
23.018
23,420
23824
24,228
24,631
25,035
25439
25,843
26,247
26,650
27.054
27,458
27,862
28,266
28,669
29073
29,477
£9.881
30.284
30.688
31.092
31,496
31,800
32,303
32,707
33.111
33,515
33.819
34,322
34,726
35,130
35,534
35938
36,341
36,745
37,149
37,553
37,957
38.360
38,764
39,168
39,572
39.976
40,379
40,783
41,187
41,591
41,994
42,398
42,802

A3-

1.1484
1.1364
1.1236
11111
1.0989
1.087
10753
1.0638
1.0526
1.0417
1.0309
1.0204
1.0101

0.9501
0.9804
0.9709
0.9615
0.9524
0.9434
0.9348
0.9259
09174
0.9091
0.9009
0.8929
0.885
08772
0.8696
0.8621
0.8547
0.8475
0.8403
0.8333
0.8264
0.8197
0.813
0.8065
0.8
0.7937
0.7874
0.7812
0.7752
0.7692
0.7634
0.7576
0.7515
0.7463
0.7407
0.7353
0.7298
0.7246
0.7194
0.7143
0.7092
0.7042
0.6993
0.6944
0.6897
0.6849

54

0.5779
0.5732
0.5686
0.5641
0.5597
0.5553
0.551
0.5468
0.5426
0.5385
0.5344
0.5304
0.5265
0.5226
0.5188
0.5151
0.5114
0.5077
0.5041
05008
0.4971
0.4936
0.4502
0.4868
0.4835
0.4803
0.477
04739
04707
0.4676
0.4646
0.4615
0.4586
0.4556
0.4527
0.4499
0.447
0.4442
0.4415
-1.014 0.4388
-1.007 0.4361
-1 04334
-0.993 0.4308
-0.987 0.4282
-0.98 0.4256
-0.974 0.423
-0.967 0.4206
-0.961 0.4181
-0.954 0.4157
-0.348 0.4132
-0.942 0.4109
-0.936 0.4085
-093 0.4062
-0.924 0.4039
£.918 0.4016
-0.913 0.3093
-0.307 0.3971
-0.901 0.3949
-0.896 0.3927
-0.89 0.3905

-1.3%1
-1.378
-1.365
-1.3582
=134
-1.328
-1.318
-1.204
-1.292
-1.281
-1.27
-1.259
-1.248
-1.238
-1.227
-1.217
-1.207
-1.197
-1187
-1178
-1168
-1 159
-1.15
-1141
-1.132
-1.123
-1.115
-1.106
-1.098
-1.08
-1.082
-1.074
-1.066
-1.058
-1.051
-1.043
-1.036
-1.028
-1.021

-0.082
-0.081
-3.081
-0.08
-0.08
-0.079
-0.078
-0.078
-0.077
-0.077
-0.076
-0.076
-0.075
-0.075
-0.074
-0.074
-0.073
-0.073
-0.073
-0.072
-0.072
-0.0M
-3.071
-0.07
-0.07
-0.069
-0.069
-0.069
-0.068
-0.068
-0.067
-0.067
-0.067
-0.066
-0.066
-0.066
-0.065
-0.065
-0.064
-0.064
-0.064
-0.083
-0.083
-0.063
-0.062
-0.062
-0.062
-0.061
-0.061
-0.061
-0.06
-3.06
-0.06
-0.059
-0.059
-0.059
-0.059
-0.058
-0.058
-(.058

0.048354
0.048602
0.048841
0.04907
0.049291
0.049502
0.049707
0.049903
0.050092
0.050274
0.050449

4835.3850
4860.2379
4884.1106
4507.0495
4929.0989
4950.3001
4970.6924
4590.3130
5009.1969
5027.3772
5044 8854
5061.7512 0.050618
5078.0028 0.05078
5093.6669 0.050937
5108.7689 0.051088
5123.3327 0.051233
5137.3812 0.051374
5150.9361 0.051509
5164.0180 0.05164
5176.6465 0.051766
5188.8401 0.051838
52006168 0.052006
5211.9928 0.05212
5222.9842 0.05223
5233.6081 0.052336
5243,8769 0.052439
5253.8054 0.052538
5263.4066 0.052634
52726934 0.052727
52816776 0.052817
5290.3709 0.052904
5298.7843 0.052988
5306.9283 0.053069
5314.8128 0.053148
5322.4476 0.053224
5329.8418 0.053294
53370042 005337
5343.9432 0.053439
5350.6669 0.053507
5357.1829 0.033372
5363.4987 0.053635
5369.6213 0.053696
5375.5575 0.053756
5381.3139 0.053813
5386.8966 0.053869
5392.3117 0.053923
5397.5648 0.053976
5402.6616 0.054027
5407.6072 0.054076
5412.4068 0.054124
5417.0652 0.054171
54215872 0.05421¢
54259772 0.05426
5430.2397 0.054302
5434 3786 0.054344
5438.3981 0.054384
5442 3021 0.054423
5446.0941 0.054461
5449 7779 0.054498
5453.3567 0.054534
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1.07
1.08
1.09
1.1
1.11
A2
A3
14
15
A6
17
18
18
1.2
1.21
1.22
1.23
1.24
1.25
1.26
1.27
1.28
1.28
13
1.31
1.32
1.33
1.34
1.35
1.36
1.37
1.38
1.39
1.4
1.41
1.42
1.43
1.44
1.45
1.46
1.47
1.48
1.49
1.5
1.5t
1.52
153 -
154;
1.55
1.56
t.57
1.58
1.59
16
1.61
1.62
1.63
1.64
1.65
1.66

i T R Y

0.432058549
0.436096479
0.440134409
0.44417234
0.44821027
0.4522482
0.456286131
0.460324C61
0.464361994
0.468399922
0.472437852
0.478475782
0.480513713
0.484551643
0.488589574
0.492627504
0.496665434
0.5007032365
2.504741295
0.508779225
0.512817156
0.516855086
0.520893016
(.524830947
0.528968877
0.533006808
0.537044738
0.541082668
0.545120699
0.549158529
0.553196459
055723439
056127232
0.56531023
0.569348181
0.573386111
0.577424041
0.581461972
0.585499902
0.5893537833
0.593575763
(.597613693
0.601651624
0.605689554
0.609727484
0.613765415
0.617803345
0.621841275
0.625879206
0.629817136
0.633955067
0.637592997
0.642030927
0.646068858
0.650106788
0654144718
0.658182649
0.662220579
0.666258509
0.67029644

14,686
14,733
14,770
14,806
14,841
14,877
14,911
14,948
14,979
15,013
15,046
15,078
15110
15,142
15,174
15,205
15,235
15,265
15,295
15,325
15,354
15,383
15,411
15,439
15,467
15,494
15,522
15,548
15,575
15,601
15,627
15,653
15,678
15,703
15,728
15,752
15,777
15,801
15,824
15,848
15,871
15,894
15,917
15,836
15,961
15,983
16,005
16,027
16,048
16,069
16,080
16,111
16,131
16,152
16,172
16,192
16,211
16231
16,250
16,269

43,206
43,610
44,013
44 417
44 821
45,225
45,629
46,032
46,436
46,840
47,244
47 648
48,051
48,455
48,859
49,263
49,687
50,070
50,474
50,878
51.282
51,686
52,089
52,493
52,897
53,301
53,704
54,108
54,5612
54 916
55,320
55,723
56,127
56,531
56,935
57.339
57,742
58,146
58,550
58,954
59,258
59,761
60,165
60,569
60,973
61,377
61,780
62,184
62,588
62,992
63,296
63.799
64,203
64,607
65,011
65414
65,818
66,222
66,626
67.030

0.6803
0.8757
0.6711
0.6667
0.6623
0.6579
0.6536
0.6484
0.6452
0.641
0.6369
0.6329
0.6289
0.625
06211
06173
0.6135
0.6098
0.6061
0.6024
0.5988
0.5952
0.5817
0.5882
0.5848
0.5814
0.578
0.5747
0.5714
0.5682
0.565
0.5618
0.5587
0.5558
0.5525
0.5495
0.5464
0.5435
0.5405
0.5376
0.5348
0.5319
0.5291
0.5263
0.5236
0.5208
0.5181
0.5155
0.5128
0.5102
0.5076
0.5051
0.5025
0.5
0.4975
0.495
(.4926
0.4902
0.4878
0.4854
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-0.885
-0.88
-0.874
-0.869
-0.864
-0.859
-(.854
-0.849
-0.844
-0.839
-0.834
-0.83

0.3884
0.3863
0.3842
0.3821
0.3801
0.3781
0.3761
0.3741
0.3721
0.3702
0.3683
0.3664
-0.825 0.3645
-0.82 0.3626
-0.816 0.3608
-0.811 0.359
-0.807 0.3572
-0.802 0.3554
-0.798 0.3536
-0.794 0.3519
-0.789 0.3501
-0.785 0.3484
-0.781 0.3467
0.777 0345
-0.773 0.3434
-0.769 0.3417
-0.765 0.3401
-0.761 0.338%
-0.757 0.3369
-0.753 0.3353
-0.749 (.3337
-0.745 0.3321
-0.741 0.3306
-0.738 0.3231
-0.734 0.3275
-0.73  0.326
-0.726 0.3246
-0.723 0.3231
-0.719 0.3218
-0.716 0.3202
0.712 0.3187
-0.709 0.3173
-0.705 0.3159
-0.702 0.3145
-0.699 0.3131
-0.685 0.3117
-0.692 0.3104
-0.689 0.309
-0.686 0.3077
-0.682 0.3064
-0.679 0.3051
-0.676 0.3038
-0.673 (.3025
-0.67 0.3012
-0.667 (.2999
-0.664 0.2986
-0.661 0.2974
-0.658 0.2962
-0.655 0,2949
-0.652 02937

-0.057
-0.057
-0.057
-0.057
-0.056
-0.056
-0.056
-0.055
-0.055
-0.055
-0.055
-0.054
-0.054
-0.054
-0.054
-0.083
-0.053
-0.053
-0.053
-0.052
-0.052
-0.052
-0.052
-0.051
-0.051
-0.051
-0.081
-0.051
-0.05
-0.05
-0.05
-0.05
-0.049
-0.049
-0.049
-0.049
-0.049

-0.048
-0.048
-0.048
-0.048
-0.047
-0.047
0.047
-0.047
-0.047
-0.047
-0.046
-0.046
-0.046
-0.046
-0.046
-0.045
0.045
-0.045
-0.045
-0.045
-0.045
-0.044

5456.8341
5460.2131
5463.4967
5466.6881
5469.7900
5472.8052
5475.7362
5478.5858
5481.3564
5484 0503
5486 6698
5489.2172
5491.6946
5494,1040
5496.4476
54987271
5500.9445
5503.1015
5505.2000
5507 2415
5509.2278
5511.1603
5513.0407
5514.8703
5516 6506
5518.3831
55200689
5621.7095
5523.3060
5524.8598
5526.3718
5527 8434
5529.2755
5530.6693
5532.0257
5533.3459
5534.6307
5535.8811
5537.0480
5538.2823
5539.4349
5540.5566
5541.6481
5542.7104
5543.7440
5544.7499
5545.7286
5546 6810
5547.6076
5548.5091
5549.3862
5550.2395
5551.0696
5551.8770
5552.6624
5553.4263
5554.1691
55548915
5555.5940
5556.2770

0.054588
0.0546802
0.054635
0.054667
0.054698
0.054728
0.054757
0.054786
0.054814
0.054841
0.054867
0.054892
0.054917
0.054941
0.054964
0.054987
0.055009
0.055031
0.055052
0.055072
0.055092
0.055112
0.05513
0.055149
0.055167
0.055184
0.055201
0.055217
0.055233
0.055249
0.055264
0.055278
0.055293
0.055307
0.05532
0.055333
0.055346
2.055359
0.058371
0.055383
0.055394
0.055406
0.055416
0.055427
0.055427
0.055447
0.055457
0.055467
0.055476
0.055485
0.055494
0.055502
0.055511
0.058519
0.055527
0.055534
0.055542
0.055549
0.055556
0.055563
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167
168
169
1.7
1.71
1.72
1.73
1.74
1.75
1.76
1.7
1.78
1.79
1.8
1.81
1.82
1.83
1.84
1.85
1.86
1.87
1.88
1.89
1.9
1.3
1.92
1.93
1.94
1.95
1.96
1.97
1.98
1.99

2.01
2.02
2.03
2.04
2.05
2.06
2.07
2.08
2.09
2.1
2.1
212
213
214
215
216
217
2.18
218
22

2.21
2.22
2.23
2.24
2.25
2.28

0.67433437
0.6783723
0682410231
0686448161
0.690486092
0.694524022
(.698561952
0.702599883
0706637813
0.710675743
0.714713674
0.718751604
0.722789534
0.726827465
0.730865395
0.734903326
0.738941256
0.742979186
0.747017117
0.751055047
0.755002977
0.759130908
0.763168838
0.767206768
0.77124469%
0.775282629
0.779320558
0.78335849
078739642
0791434351
0.795472281
0.799510211
0.803548142
0.807586072
0.811624002
(0.815661933
0.815659863
0.823737793
0.827775724
0.831813654
0.835851584
0.839889515
0.843927445
(.847965376
0.852003308
0.856041236
0.860079167
0.864117097
0.868155027
0.872192958
0.876230888
0 880268818
0.884306749
0.888344879
0.892382861
0.85642054
0.80045847
0.904496401
0.808534331
0.912572261

16,288
16,307
16,326
16,344
16,362
16,380
16,398
16,416
16,433
16,451
16,468
16,485
18,502
16,519
16,5635
16,552
16,568
16.584
16,600
16,616
16,632
16,648
16,663
16,878
16,654
18,709
16,724
16,738
16,753
16,768
16,782
16,796
16,811
16,825
16,839
16.853
16,866
16,880
16,893
16.907
16,920
16,933
16,946
16,859
16,872
16,985
16,998
17,010
17,023
17.035
17,047
17,059
17.072
17,084
17,095
17,107
17,119
17131
17,142
17,154

67,433 04831
67,837 0.4808
68,241 04785
68,645 0.4762
69,049 0.4739
69,452 0.4717
69,856 0.4695
70,260 0.4673
70,664 0.4651
71,068 0.463
71471 0.4608
71,875 0.4587
72,279 0.4566
72,683 0.4545
73,087 0.4525
73,490 0.4505
73,894 0.4484
74,208 0.4464
74,702 0.4444
75106 0.4425
75,509 0.4405
75.913 0.4386
76.317 0.4367
76,721 0.4348
77.124 0.4329
77.528 0.43%
77,932 0.4292
78336 0.4274
78,740 0.4255
79,143 (.4237
79,547 0.4249
79,851 0.4202
80,355 0.4184
80.759 C.4167
81,162 0.4149
81,566 0.4132
81,970 0.4115
82,374 0.4098
82,778 0.4082
83.181 0.4065
83,585 0.4049
83,989 0.4032
84,393 0.4015
84797 0.4
85,200 0.3984
85,604 0.3968
86,008 0.3953
86,412 0.3937
86,816 0.2922
87.219 0,3006
87,623 0.3801
88,027 0.3876
88,431 0.3861
88,834 03845
89,238 0.3831
89,642 0.3817
90.046 0.3802
90.450 0.3788
90,853 0.3774
81,257 0.3759
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-1.649
-).646
-0.643
-0.64
-0.638
-(.635
-0.632
-0.629
-0.627
-0.624
-0.621
-0.61%
-0.616
-0.614
-0.611
-0.608
-{.606
-0.603
-0.601
-0.598
-(.596
-0.594
-0.581
-{1.589
-0.586
-0.584
-0.582
-0.579
-0.577
-0.575
-0.573
-0.57
-0.568
-(,566
-0.564
-0.562
-0.559
-(1.557
«0.555
-0.553
-(.551
-0.549
-0.547
-0.545
-0.543
-0.541
.539
-0.537
-0.535
-0.533
0.531
-0.526
-0.527
-0.525
-0.523
-0.522
-0.52
-0.518
0.516
-0.514

0.2925
0.2313
0.2901

(.2889
0.2878
0.2866
0.2835
0.2843
0.2832
0.2821
0.2809
0.2798
0.2787
0.2776
0.2766
0.2755
0.2744
0.2734
02723
0.2713
0.2703
0.2692
0.2682
0.2672
0.2662
0.2652
}.2642
0.2633
0.2623
0.2613
0.2604
0.2584
0.2585
0.2575
0.2566
0.2557
0.2548
0.2538
0.2529
0.2521
0.2512
0.2503
0.2494
0.2485
0.2477
0.2468
0.2459
0.2451

0.2443
0.2434
0.2428
0.2418
0.2409
0.2401

0.2393
0.2385
0.2377
0.2369
0.2361
0.2354

-0.044
-0.044
-0.044
-0.044
-0.044
-0.043
-0.043
-0.043
-0.043
-0.043
-0.043
-0.042
-0.042
-0.042
0.042
-0.042
-0.042
-0.041
-0.041
-0.041
-0.041
-0.041
-0.041
-0.041
-0.04
-0.04
-0.04
0.04
-0.04
-0.04
-0.04
-0.039
-0.039
-0.039
-0.038
-0.039
-0.039
-0.039
-0.039
-0.038
-0.038
-0.038
-0.038
-0.038
-0.038
-0.038
-0.038
0.037
-0.037
-0.037
-0.037
-0.037
-0.037
-0.037
-0.037
-0.036
-0.035
-0.036
-0.036
-0.036

5556.9411 0.055569
5557.5866 0.055576
5558.2140 0.055582
5558.8239 0.055588
56504165 0.055504
§559.9924 0.0556
5560.5519 0.055606
5561.0955 0.055611
5561.6234 0.055616
5562.1362 0.055621
5562.6341 0.055626
5563.1175 0.055631
5563.5867 0.055636
5564.0421 0.05564
5564.4841 0.055645
5564.9129 0.055649
556653288 0,055652
55657322 0.055657
5566.1233 0.055661
5566.5024 0.055665
5566.8698 0.055669
5567.2258 0.055672
5567.5707 0.055676
5567 9047 0.055879
5568.2280 0.055682
5568.5409 0.055685
5568.8437 0.055688
5569.1365 0.055691
5560.4196 0.055694
5569.6933 0.055697
5569.9577 0.0557
5570.2130 0.055702
5570.4595 0.055705
5570.6974 0.055707
5570.92638 0.055709
5571.1480 0.055711
5571.3611 0.055714
5571.5663 0.055716
5571.7638 0.055718
5571.9538 0.05572
5572,1364 0.055721
£572.3118 0.055723
5572.4802 0.055725
5572.6417 0.055728
5572.7965 0.055728
5572.9447 ©.055729
5573.0864 0.055731
5573.2219 0.055732
55733512 0.055734
5573.4745 0.055735
5573.5920 0.055738
5573.7037 0.055737
5573.8097 0.055738
5573.9103 0.055739
5574.0055 0.05574
5574 0954 0.055741
5574.1802 0.055742
5574.2600 0.055743
5574.3349 0.055743
5674.4049 0.055744
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2.27
228
2.29
2.3
2.31
2,32
2.33
234
2.35
2.36
237
2.38
2.39
24
24
2.42
243
2.44
2.45
2.48
2.47
2.48
2.49
2.5

0.916610192
0.920648122
0.924886052
0.928723983
0932761913
0.536759843
0.940837774
0.944875704
0948913635
0952951565
0.956989485
0.961027426
0.965065356
0.969103286
0.973141217
0.977179147
C.981217077
0.985255008
0.989292938
0.993330869
.997368799
1.001406729
1.00544466
1.00948259

17.165
17,176
17,187
17,199
17.210
17,221
17,231
17,242
17,253
17.264
17,274
17,285
17.295
17,305
17,316
17,328
17,336
17,346
17.356
17,366
17,376
17.386
17,395
17,405

91.661
92,065
92,489
92,872
93.278
93.680
94,084
94, 488
94,841
95,235
95.699
96,103
96,507
96,910
97,314
97,718
98,122
98.526
§8,929
99,333
99,737
100,141
106,544
100,548

0.3745
0.37:1
0.3717
0.3704
0.389
0.3676
0.3663
0.365
0.3636
£.3623
0.361
0.3597
0.3584
0.3571
0.3559
0.3546
0.3534
0.3521
0.3509
0.3487
0.3484
03472
0.346
0.3448

-0.512
0511
-(.509
-0.507
-0.505
-0.504
-0.502
-05
-0.498
-0.497
-0.495
-0.493
-0.492
-0.49
-0.488
-0.487
-0.485
-0.484
-0.482
-0.48
0.479
-0.477
-0.476
-0.474

0.2346
0.2338
0233
0.2323
0.2315
0.2308
0.23
0.2293
0.2285
0.2278
0.2271
0.2264
0.2256
0.2249
0.2242
0.2235
0.2228
0.2221
0.2214
0.2207
0.2201
02154
0.2187
0.218

-0.038
-0.036
-0.036
-0.036
-0.035
-0.035
-0.035
-0.035
-0.035
-0.035
-0.035
-0.035
-0.035
-0.035
-0.034
-0.034
-0.034
-0.034
-0.04
-0.034
-0.034
-0.034
-0.034
-0.034

5574.4703
5574.5310
5574.5873
5574.6391
5574.6867
5574.7300
5574.7692
5574.8044
55748356
5574.8630
5574.8867
5674.9066
5574 9229
5574.9357
5574.9451
5574.9511
5574 9537
55749532
5574.9495
5574.9427
5574.9329
5574.92(1
5574.9044
5574.8858

0.055745
0.055745
0.055748
0.055748
0.055747
0.055747
0.055748
0.055748
0.055748
0.055749
0.055749
0.055749
0.055749
0.055749
0.055749
0.05575
0.05575
0.05575
0.055748
0.055749
0.055749
0.055749
0.05574¢9
0.055749
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0.06 -
0.05 +
0.04 4

€003
=

0.0%

0.024;

SILVER HAKE

Q.00 +

F t.=1 t,=2 t.=3 t.=4 ¢(.=5
0 0 0 0 0 0

0.01  0.00396 0.00386 0.00355 0.00308 0.00254
0.02 0.00751 0.00737 0.00681 0.00534 0.00492
0.03 0.01069 0.01056 0.00983 0.0086 0.00715
0.04  0.01353 0.01348 0.01261 0.01109 0.00924
0.05 0.01607 0.01613 0.01518 0.0134 0.01121
0.06 0.01834 001856 0.01756 0.01556 0.01305
0.07 0.02037 0.02078 0.01977 0.01759 0.01479
0.08 0.02218 0.0228 0.02182 001948 0.01642
0.09 0.0238 0.02466 002372 0.02125 (.01796
0.1 0.02524 002635 002548 002292 0.01941
0.11 002652 0.0279 0.02712 0.02448 0.02079
0.12 0.02766 0.02932 0.02865 0.02595 0.02209
0.13  0.02867 0.03062 0.03007 0.02733 0.02332
0.14 002958 0.03318t 00314 0.02863 0.02448
0.15 0.03035 00329 003263 0.02985 0.02559
0.16 0.03104 0.0339 0.03379 0.03101 0.02663
017 0.03164 003481 0.03487 00321 0.02763
0.18  0.03217 0.03564 0.03587 0.03313 0.02858
0.19  0.03262 0.03641 003682 00341 002948
0.2 003301 0.03711 0.0377 0.03502 0.03033
0.21 003335 0.03775 003852 00359 0.03115
0.22 003362 0.03833 0.0393 0.03672 0.03193
0.23 0.03385 0.03887 0.04002 0.03761 0.03267
0.24 003404 0.03936 0.0407 0.03825 0.03338
0.25 003419 00398 004134 0.03896 0.03406
0.26 0.0343 0.0402 0.04194 0.03963 0.03471
0.27 0.03438 0.04057 0.0425 0.04027 0.03533
028 0.03443 0.0409 004303 0.04087 0.03502
0.28  0.03445 0.04121 0.04353 004145 0.03649
0.3  0.03445 0.04148 004399 0.042 0.03704
031 003443 0.04173 0.04443 004252 0.03756

A3 - 58

Exercise 1



CHAPTER VI - YPR AND SSBPR

032
.33
0.34
0.35
0.36
0.37
038
0.29
G4
0.41
0.42
043
0.44
0.45
0.46
0.47
0.48
0.49
0.5
0.51
0.52
0.53
0.54
0.55
0.56
0.57
0.58
0.59
06
0.61
0.62
0.63
0.64
0.685
066
0.67
0.68
0.68
07
0.7
0.72
0.73
0.74
0.75
0.76
0.77
0.78
0.79
0.8
0.81
0.82

0.34
0.85
0.86
Q.87
0.88
0.89
0.9
0.91

0.03438
0.03432
0.03424
0.03415
0.03405
0.03393
0.0338
0.03366
0.03352
0.03336
0.0332
0.03303
{.03286
0.03268
0.0325
0.03232
0.03413
0.03194
0.03175
0.03155
0.03136
0.03116
0.03096
0.03077
0.03057
0.03037
0.03017
0.02097
0.02977
0.02958
0.02938
0.02919
0.02899
0.0288
0.0286
0.02841
0.02822
0.02803
0.02785
C.02768
0.02748
0.02729
0.02711
0.02693
0.02676
0.02658
0.02641
0.02623
0.02606
0.02589
0.02573
0.02556
0.0254
0.02524
0.02508
0.02482
0.02476
0.0246
0.02445
0.0243

0.041395
0.04215
0.04232
0.04248
0.04262
0.04274
0.04285
0.04294
0.04302
D.04308
0.04314
0.04318
0.04321
0.04324
0.04325
0.04326
0.04326
0.04325
0.04324
0.04322
004319
Q.04316
004313
0.04308
0.04305
0.043
004295
{.04289
0.04284
0.04278
0.04272
0.04265
0.04259
0.04252
0.04245
0.04238
0.04231
0.04223
0.04216
0.04208
0.042
0.04183
0.04185
0.04177
0.04168
0.04161
0.04153
0.04145
0.04137
0.04128
0.0412
0.04112
0.04104
0.04098
0.04087
0.04079
0.04071
0.04063
0.04055
0.04046

0.04485
0.04523
0.0456
0.04594
0.04627
0.04657
0.046886
0.04713
0.04738
0.047862
0.04785
0.04806
0.04826
0.04845
0.04863
0.0488
0.04896
0.0491
0.04524
0.04938
0.0485
0.04962
0.04572
0.04983
0.04392
0.05001
0.0501
0.05018
0.05025
0.05032
0.05039
0.05045
0.G5051
0.05056
0.05061
0.05065
0.0507
0.05073
0.05077
0.0508
0.05083
(.05086
0.05089
0.05081
0.05083
0.05095
0.050987
0.05098
0.051
0.05101
0.05102
0.05103
0.05103
0.05104
0.051D4
0.05105
0.05108
(.05105
0.05105
0.05105

0.04302
0.0435
004396
0.04439
0.04481
0.0452
0.04558
0.04595
0.04629
0.04663
0.04885
0.04725
004754
0.04783
0.0481
(.04835
0.0486
0.04884
0.04907
0.04929
0.0495
0.04971
0.0489
0.05009
0.05027
0.05045
0.06062
0.05078
0.05094
0.05109
0.05123
0.05137
0.05151
0.05164
0.05177
0.0518%
0.05201
0.05212
0.05223
0.05234
0.05244
0.05254
0.05263
0.05273
0.05282
(.0529
0.05299
0.05307
0.08315
0.05322
£.0533
0.05337
0.05344
0.05351
0.05357
0.05383
0.0837
(.05376
0.05381
0.05387

2.03806
0.03855
0.03g01
0.03945
0.03988
0.04029
£.04069
0.04107
0.04144
0.04179
¢.04213
0.04246
0.04278
0.04309
0.04339
0.04367
0.04385
0.04422
(.04448
0.04473
0.04497
0.04521
0.04543
0.04566
0.04587
0.04608
(.04628
0.04647
0.04666
0.04685
0.04703
0.0472
0.04737
0.04753
0.04769
0.04785
0.048
0.04815
0.04829
0.04843
0.04856
0.0487
£0.04883
0.04895
0.04907
0.04919
0.04931
0.04942
0.04953
0.04964
0.04574
0.04585
0.04995
0.05005
©.05014
0.05023
0.05033
0.05041
0.0505
0.05059
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b -

0.92
0.93
0.94
0.95
0.96
0.97
g.98
0.98

1.04
t.02
1.03
1.04
105
1.06
1.07
1.08
1.09
11
1.11
1.12
1.13
1.14
115
1.16
1.17
1.18
1.19
1.2
1.21
1.22
1.23
1.24
1.25
1.28
1.27
1.28
1.28
1.3
1.3
1.32
1.33
1.34
1.35
1.36
1.37
1.38
1.39
1.4
1.41
1.42
1.43
1.44
1.45
t.48
1.47
1.48
1.49
1.5
1.51

0.02415
0.024
0.02386
0.02371
0.02357
0.02343
0.02329
0.02315
0.02301
0.02288
0.02274
0.02261
0.022438
0.02235
0.02223
0.0221
0.02198
0.02185
0.02173
0.02161
0.02149
0.02138
0.02126
0.02115
0.02103
0.02092
0.02081
0.0207
0.02059
0.02049
0.062038
0.02028
0.02017
0.02007
0.01997
0.01887
0.01877
0.01968
0.01958
0.01849
0.01939
0.0193
0.01921
0.01912
0.01903
0.01894
0.01885
0.01876
0.01868
0.01859
0.01851
0.01843
0.01834
0.01826
0.018t8
0.0181
0.01803
0.01795
0.01787
0.0178

0.04038 0.05104
0.0403 0.05104
0.04022 0.05103
0.04014 0.05103
0.04006 0.05102
003998 0.05102
0.0389 0.05101
£.03982 0.05t
0.03974 0.05099
0.03967 0.05098
0.03958 0.05097
0.03951 ©.05096
0.03843 0.05095
0.03936 0.05004
0.03928 0.05092
0.0382 0.05091
0.03913 0.050¢
0.03905 0.05088
0.03898 0.05087
0.03891 0.05086
0.03883 0.05084
0.03876 0.05083
0.03869 0.05081
0.03861 0.05079
0.03854 0.05078
0.03847 0.05076
00384 0.05075
0.03833 0.05073
0.03826 ©.05071
0.03819 0.05069
0.02812 0.05068
0.03806 0.05066
0.03799 0.05064
0.03792 0.05062
0.03785 0.05081
0.0377% 0.05059
6.03772 0.05057
0.03766 0.0505&6
0.03759 0.05053
0.03753 0.05051
0.03747 0.05049
0.0374 0.05047
0.03734 0.05046
0.03728 0.05044
0.03722 0.05042
0.03716 0.0504
0.03708 0.05038
0.03703 0.05036
(.03697 0.05034
0.03692 0.05032
0.03688 0.0503
0.0368 0.05028
0.03674 0.05026
0.03668 0.05024
0.03663 0.05022
0.03657 0.0502¢
0.03651 0.05019
0.03646 0.05017
(.0364 Q.05015
0.03635 0.05013

0.05392
0.05398
0.05403
0.05408
0.05412
0.05417
(.05422
0.05426
.0543
0.05434
0.05438
0.05442
(.05446
0.05456
0.05453
0.05457
0.0546
0.05463
0.05467
0.0547
0.05473
0.05476
0.05479
0.05481
0.05484
0.05487
0.05489
0.05492
0.05494
0.05496
0.05499
0.05501
0.05503
0.05505
0.05507
0.05509
0.05511
0.05513
0.05515
{.05517
0.05518
Q.0852
0.05522
0.05523
0.05525
0.05526
0.05528
0.05529
0.05531
0.05532
0.05533
0.05535
0.05536
0.05537
0.05538
0.05539
0.05541
0.05542
0.05543
0.05544

0.05067
0.05075
0.05083
0.05091
0.05099
0.05108
0.05113
0.0512
005127
0.05134
0.05141
0.05148
0.05154
0.0516
0.05167
0.05173
0.05179
0.05184
0.0519
0.05196
0.052Mm
0.05207
0.05212
0.05217
0.05222
0.05227
0.05232
0.05237
0.05242
0.05246
0.05251
0.05255
0.0526
0.05264
0.05268
0.05272
0.05276
0.0528
0.05284
0.05288
0.05292
0.05296
0.05209
0.05303
0.05307
0.0531
0.05314
0.05317
0.0532
0.05324
0.05327
0.0533
0.05333
0.05336
0.05339
0.05342
0.05345
0.05348
0.05351
0.05354
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PR

ey

1.52
1.53
1.54
1.56
1.58
1.57
1.58
1.58
1.6
1.81
1.62
1.63
164
1.65
1.66
1.67
1.68
1.69
1.7
1.7
1.72
1.73
1.74
1.75
1.76
1.77
t.78
1.79
1.8
1.81
1.82
1.83
1.84
1.85
1.86
1.87
1.88
1.8¢
1.9
1.91
192
1.93
1.94
1.95
1.96
1.97
1.98
1.99

2m
2.02
2.03
2.04
2.05
2.06

207

2.08
2.09
2.1
211

a.1772
0.01765
0.01757
0.0175
0.01743
0.01736
0.01729
0.01722
001715
0.01708
0.01701
0.01694
0.01688
0.01681
0.01675
0.01668
001662
0.01656
0.01649
0.01643
0.01637
0.01631
0.01625
0.01619
0.01613
0.01608
0.01602
0.015%6
0.01551
0.01585
0.0158
0.01574
0.01569
0.01563
0.01558
0.01553
0.01548
0.01542
0.01537
0.01532
£.01527
€.01522
0.01517
0.01512
0.01508
0.01503
0.01498
0.01493
0.01488
0.01484
0.0148
0.01475
0.01471
0.01466
0.01462
0.01457
0.01453
0.01449
0.01445
0.0144

3.03629
0.03624
0.03619
0.03613
0.03608
0.03603
0.03598
0.03592
0.03587
0.03582
0.03577
0.03572
0.03567
0.03562
0.03857
0.03553
003548
0.03543
0.03538
003534
003529
003524
0.0352
0.03515
0.03511
0.03506
0.03502
0.03497
0.03493
0.03489
0.03484
0.0348
0.03476
0.03472
0.03468
0.03463
0.03439
0.03455
0.03451
0.03447
0.03443
0.03439
0.03435
0.0343
0.03427
0.03424
0.0342
0.03416
0.03412
0.03408
0.03405
0.03401
0.03397
0.03394
(.033¢9
£.03387
0.03383
00338
0.03376
0.03373

A3 - 61

0.05011
0.05009
0.05007
0.05005
0.05003
0.05001
0.04999
0.04997
0.04995
0.04993
0.04892
0.0499
0.04988
0.04986
0.04984
0.04982
0.0498
0.04978
0.04976
0.04975
0.04973
0.04971
0.04969
0.04867
0.04965
0.04564
0.04962
0.0496
0.04958
0.04956
0.0485%
0.04953
0.04951
0.04949
0.04947
0.04546
0.04844
0.04942
0.0454
0.04939
0.04937
0.04935
0.04934
0.04932
0.0493
0.04028
0.04827
0.04925
0.04923
0.04922
0.04892
0.04918
0.04917
0.04915
0.04914
0.04912
0.0491
0.04809
0.04907
0.04805

0.05545
0.05548
0.05547
0.05548
0.05549
0.0554%
0.055%
0.08551
0.05552
0.05553
0.05553
0.05554
0.05555
0.05556
0.05556
C.05557
0.056558
0.05558
0.05558
0.05559
0 0556
0.05561
0.05561
0.05562
0.05562
0.055863
0.05563
0.05564
0.05564
0.05564
0.05565
0.05565
0.05566
0.05566
0.05567
0.05567
0.05567
0.05568
0.05568
0.05568
0.05569
0.05569
0.05569
0.05869
0.0557
0.0557
0.0557
0.0557
0.05571
0.05571
0.05571
0.05571
0.05572
0.05572
0.05572
0.05572
0.05572
0.05572
0.05573
0.05573

(.05357
0.05359
0.05362
0.05365
0.05367
0.0537
0.08372
0.08375
0.08377
0.0538
0.05382
0.05385
0.05387
0.05389
0.05391
0.05394
0.05396
0.05398
0.054
0.05402
0.05404
0.05406
0.05408
3.0541
0.05412
0.05414
0.05416
0.05418
0.0542
0.05422
0.05424
0.05425
0.05427
0.05429
0.05431
0.05432
0.05434
0.05436
0.05437
0.05439
0.05441
0.05442
0.05444
0.058445
0.05447
0.05448
0.0545
0.05451
0.05453
0.05454
0.05456
0.05457
0.05458
0.0546
0.05461
0.05462
0.05464
0.05465
0.05466
0.05468
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e g

2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.2
221
2.22
2.23
2.24
2.25
2.26
2.27
2.28
2.29
2.3
2.31
2.32
2.33
234
2.35
2.36
2.37
238
2.39
24
24
2.42
2.43
2.44
245
246
2.47
2.48
249
25

0.01436
0.01432
0.01428
0.01424
0.0142
0.01418
0.01412
0.01408
0.01404
0.014
0.01396
0.01393
0.01388
0.01385
0.01381
0.01378
0.01374
0.0137
0.01367
0.01363
0.0136
0.01356
0.01353
0.01349
0.01346
0.01343
0.01338
0.01336
0.04333
0.0133
0.01326
0.01323
0.0132
0.01317
0.01314
0.011
0.01307
0.01304
0.01301

0.03369
£.03366
0.03362
0.03359
0.03356
0.03352
0.03349
0.03346
0.03342
0.03339
0.03336
0.03333
0.0333
0.03326
0.03323
0.0332
0.03317
0.03314
0.03311
0.03308
0.03308
0.03302
0.03299
0.03296
0.03293
0.0329
0.03287
0.03284
0.03282
0.03279
0.03276
0.03273
0.0327
0.03268
0.03265
003262
0.0326
0.03257
0.03254

Q.04904
0.04902
0.04001
0.04899
(.04898
0.04896
0.04885
0.04893
0.04892
0.0489
0.04888
0.04887
0.04885
0.04884
0.04883
0.04881
0.0488
0.04878
0.04877
0.04875
0.04874
0.04872
0.04871
0.04869
0.04868
0.04867
D.04865
0.04864
0.04862
0.04861
0.0486
0.04858
0.04857
0.04856
0.04854
0.04853
0.04852
0.0485
0.04849

0.05573
0.05573
0.05573
0.05573
0.05573
0.05574
0.05574
0.05574
0.05574
0.03574
0.05574
0.05574
0.05574
0.05574
0.05574
0.05574
0.05575
0.08575
0.05575
0.05875
0.05575
0.05575
0.05575
0.05575
0.05575
0.05575
0.05575
0.05575
0.05575
0.05575
0.05575
0.05575
0.05575
0.05575
0.05575
0.05875
0.05575
0.05575
0.05575

0.05489
0.0547
0.05471
0.05473
0.05474
0.05475
0.06476
0.05477
0.05478
0.0548
0.05481
0.05482
0.05483
0.05484
0.05485
0.05486
0.05487
0.G5488
0.05489
0.0549
0.05491
005492
0.05493
0.05494
0.05495
0.05498°
0.05497
0.05498
0.05499
0.055
0.05501
0.05502
0.05503
0.05504
0.05505
(.05505
0.05506
0.05507
0.05508

For silver hake, the ¢t that gives the
highest yieid is age 4

33.3611

9.53174

Solving for L :
L! = L‘.n“_et‘&‘l)
L' = 65*{1_8(4.0.13'4})

mi = Lo/SF
mi = 33.36/3.5

Then, solve for the mesh length:

A3 .62
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Exarcisy 1

Beverton-Heit M 0.2 v n
Yield Per Recruit, w_ 0.9 1 o
¢ K 0.63] -3 1
YELLOWTAIL ' to o 3 2 @
FLOUNDER t, 3 -1 3 &
Example: t,. =3 ¢, 0
N, 1E+)5|
t, 20 _—
M/K 0.32 1.5 2.5
F FW_EXP(.) C Y1 ¥2-0 Y21 Y22 Y23 Yield YPR
0 0 0 o 4.8331 -0.546 0.0469 -0.002 0.0000 0
0.01 00049393 2,540 494 4.6278 -0.54 0.0466 -0.002 2041.5245 0.020415
0.02 0.00987861 4.871 988 44375 -0.533 0.0463 -0.002 390509791 0.03901
0.03 0.01481791 7,015 1,482 4.2607 -0.527 0046 -0.002 5598.2441 0.055932
0.04 0.01975722 8992 1976 40962 -0521 0.0456 -0.002 7150.7470 0.071507
0.05 0.02459652 10,820 2470 3.9429 -0.515 0.0453 -0.002 8573.7875 0.085738
0.06 0.02963583 12,512 2964 3.7999 -0509 0045 -0.002 9880.8187 0.098808
0.07 0.03457513 14,084 3,458 36661 -0.504 (.0448 -0.002 11083.6885 0.110837
0.08 0.03951444 15546 3,951 35408 -0.498 0.0445 -0.002 12192.8483 0.121928
0.09 0.04445374 16,909 4,445 34234 -0493 0.0442 -0.002 13217.5329 0.132175
0.1 0.04939305 18,182 4,939 3313 -0.487 0.0439 -0.002 14165.9157 0.141659
0.1 0.05433235 19,374 5433 3.2002 -0.482 0.0436 -0.002 15045.243% 0.150452
0.12 0.05927166 20,491 5927 31114 -0.477 0.0433 -0.002 15861.3512 0.15862
0.13 0.06421096 21,541 6,427 3.0192 -0.472 0.0431 -0.002 16621.7657 0.166218
0.14 0.06915027 22,528 6,915 2.9321 -0467 0.0428 -0.002 17329.7901 0.173298
0.15 0.07408957 23,459 7409 28497 -0.462 0.0425 -0.002 17990.5810 0.179906
0.16 0.07902888 24,338 7,503 27717 -0.458 0.0423 -0.002 18608.2139 0.186082
0.7 0.08396818 25,169 8,397 26977 -0.453 0.042 -0.002 19186.3411 0.191863
0.18 0.08890749 25956 B8.891 26275 -0.449 00417 -0.002 19728.2409 0.197282
0.19 0.09384679 26,702 9385 25807 -0.444 0.0415 -0.002 20236.83616 0.202169
0.2 0.09878609 27,410 9,879 24972 -0.44 00412 -0.002 20714.8593 0.207149
0.21 01037254 28,083 10,373 2.4367 -0.436 0041 -0.001 211646312 0.211646
0.22 0.1086647 28,724 10,866 2.3791 -0.432 0.0408 -0.00t 21585.3447 0.215883
0.23 {.11360401 20,335 11,380 2.324 -0.428 0.0405 -0.001 219879627 0.21988
0.24 0.11854331 29918 11,854 22714 -0.424 0.0403 -0.001 223652661 0.223653
G.25 0.12348262 30,475 12348 22212 -042 0.04 -000t 227218738 0.227219
0.26 0.12842192 31,007 12842 2173 -0416 0.0388 -0.001 230592585 0.230593
0.27 0.13336123 31,517 13,336 2.1269 -0.412 0.0396 0001 23378.7645 0.233788
0.28 0.13830053 32,005 13,830 20827 -0408 0.0383 -0.001 236816169 0.236816
0.29 0.14323084 32,473 14324 2.0403 -0.405 0.0391 -0.00t 230689442 0.239689
0.3 0.14817914 32,922 14818 19936 -0.401 (0.0389 -0.001 24241.7651 0.242418
0.31 0.15311845 33,353 15312 1.9604 -0.398 0.0387 -0.001 24501.0377 0.24501
0.32 0.15805775 33.768 15808 19228 -0.394 0.0385 -0.001 24747.6175 0.247476
0.33 0.16299706 34,167 16,300 1.8866 -0.391 0.0383 -0.001 2488223070 0.249823
0.34 . 0.16793636 34,551 16,794 18517 -0.387 0.038 -0.001 252058420 0.252058
UASS*_-" 0.17287567 34,921 17,288 1818 -0.384 0.0378 -0.001 254189020 0.254189
0.36 0.17781497 35278 17,781 17856 -0.381 00376 -0.001 25622.1147 0.256221
0.37 0.18275427 35622 18,275 1.7543 -0.378 0.0374 -0.001 25816.0812 0.258181
0.38 0.18769358 35955 18,769 1.724 -0.375 0.0372 -0.001 26001.2798 0.260013
0.39 0.19263288 36,276 19,263 1.6948 -0.371 0.037 -0.001 26178.2701 0.261783
0.4 0.19757210 36,586 19,757 1.6666 -0.368 0.0368 -0.00H1 26347.4361 0.263475
.41 0.20251149 36,886 20251 16393 -0.365 00366 -0.001 26509.2892 0.265094
0.42 0.2074508 37,177 20,745 1.6129 -0.363 0.0364 -0.001 26664.3513 0.266644
0.43 02123901 37458 21239 15873 -0.36 00362 -0.001 26812.7568 0.268128
0.44 0.21732941 37,730 21,733 15825 -0.357 0036 -0.001 26954.9551 0.26955
0.45 0.22226871 37,994 22227 15384 -0.354 0.0358 -0.001 27091.2726 0.270913
0.46 0.22720802 38250 22721 15151 -0.35% 0.0357 -0.001 27222.0145 0.27222
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0.47
0.48
0.49
0.5
0.51
0.52
0.53
0.54
0.55
0.56
0.57
0.58
0.59
0.6
0.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.69
07
0.7
a.72
Q.73
0.74
0.75
0.76
0.77
0.78
G.79
08
0.8t
0.82
0.83
084
0.85
0.86
087
0.88
0.89
0.9
0.91
0.92

097
0.98
0.99

1.01
1.02
1.03
1.04
1.05
1.06

093

0.23214732
0.23708663
0.24202593
0.24696524
0.25190454
0.25684385
0.26178315
0.26672246
0.27166176
0.27660106
0.28154037
0.28647567
0.23141898
0.29635828
0.30129759
0.30623689
0.3111762
0.3161155
0.32105481
0.32599411
0.33093342
0.33587272
0.34081203
0.34575133
0.35069064
0.35562994
0.36056924
0.36550855
0.37044785
0.37538716
0.38032646
0.38526577
0.39020507
0.39514438
0.40008368
0.40502299
0.40996229
0.4149016
0.4198409
0.42478021
0.42971951
0.43465882
0.43559812
0.44453743
0.44847673
0.45441603
0.45935634
0.464234684
0.46923395
0.47417325
0.47911256
0.48405188
0.48859117
(.49393047
0.49886978
0.50380908
0.50874839
0.51368769
0.518627
0.5235663

38.498
38,739
38973
39,201
39.421
39,638
39,845
40,048
40,246
40,439
40,626
40,809
40,987
41,161
41,330
41,495
41,657
41814
41,968
42,118
42,265
42,408
42,548
42,685
42,819
42,950
43,079
43,204
43,327
43,448
43,565
43,681
43,794
43,905
44,014
44,120
44,225
44,327
44,428
44,526
44,823
44,718
44,811
44,903
44,993
45,081
45,168
45,253
45,337
45419
45,500
45,579
45,657
45,734
45810
45,884
45,957
46,029
46,100
46,170

23215
23,709
24,203
24,637
25,190
25,634
26,178
26,672
27,166
27,660
28,154
28,648
29,142
29,636
30,130
30,624
31,118
31,612
32,105
32,599
33,093
33,587
34,081
34,575
35,069
35,563
36,057
36,551
37,045
37.539
38,033
38,527
39,021
39,514
40,008
40,502
40,996
41,490
41,984
42,478
42,972
43,466
43,960
44,454
44,948
45,442
45,936
46,429
46,823
47417
47,911
48,405
48,899
49,393
49,887
50,381
50.875
51,369
51,863
52,357

1.4925
1.4706
1.4493
1.4286
1.4084
1.3889
1.3699
1.3513
1.3333
1.3158
1.2987
1.282
t.2658
1.25
12346
1.2185
1.2048
1.1905
1.1765
1.1628
1.1484
1.1364
1.1238
11411
1.0588
1.087
1.0733
1.0638
1.0528
1.0417
1.0309
1.0204
1.0101

0.9901
(.9804
0.9709
0.9615
0.8524
0.9434
0.9348
0.9258
0.9174
C.5091
0.8009
0.8929
0.885
0.8772
0.8696
0.8621
0.8547
0.8475
0.8403
0.8333
0.8264
0.8197
0.813
0.8065
0.8
0.7937

-0.349
-0.346
-0.343
-0.341
-0.338
-0.336
-0.333
-0.331
-0.328
-0.328
-0.324
-0.321
-0.319
-0.317
-0.315
-0.313
0.3

-0.308
-0.306
-0.304
-0.302

-0.3

-0.298
-0.296
«(.294
-0 292
-0.291
-0 289
-0.287
-0.285
-0.283
-0.282
-0.28
-0.278
-0.276
-0.275
-0.273
-0.271
-0.27

-0.266
-0.267
-0.265
-0.263
-0.262
-0.26

-0.259
-3.258
-0.256
-0.255
-0.283
0,252
-0.25

-0.249
-0.248
-0.246
-0.245
-0.244
-0.242
0.241
-0.24

0.0355
0.0353
0.0351
0.0349
0.0348
0.0346
0.0344
0.0342
0.0341
0.0328
0.0337
0.0336
0.0334
0.6332
0.0331
0.0329
0.0328
0.0326
0.0324
0.0323
0.0321
0032
0.0318
0.0317
0.0316
0.0314
0.0313
0.0311
0.031
0.0308
0.0307
0.0306
0.0304
0.0303
0.0302
0.03
0.029¢9
0.0298
0.0256
0.0295
0.0294
0.0293
0.0291
0.029
Q.0289
0.0288
0.0288
0.0285
0.0284
0.0283
0.0282
{.0281
0.0279
0.c278
0.0277
0.0276
0.0275
0.0274
0.0273
0.0272

-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-3.001
-0.001
-0.001
-0.001
-(3.01
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-3.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.01
-0.001
-0.001
-0.001
-0.601
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-9.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

27347 4664
27467 8957
27583.5533
276946746
27801.4808
27904.1796
28002.9666
28098.0260
28189.56312
28277 6458
268362.5242
28444 3123
26523.1476
285991605
28672.4743
28743.2056
28B811.4650
28877.3572
28940.9817
29002.4327
26061.7998
29119.1680
29174.6183
29228.2276
29280.0689
28330.2120
29378.7233
29425,6658
29471.0999
25515.0830
29557 6701
29598.9132
29638.8626
29677.5659
29715.0686
29751.41486
29786.6453
28820.8009
29853.9154
20886.0374
29917.1900
29047 4108
29976.7318
30005.1840
30032.7970
30059.5990
30085.6174
30110.8783
30135.4068
30159.2271
30182.3622
30204 8346
30226.6655
30247.8757
30268.4848
30288.5120
30307.9757
30326.8934
30345.2623
30363.1586

0.273475
0.274673
0.275836
0.276947
0.278015
0.279042
0.28003
0.28098
0.281895
0.282776
0.283625
0.284443
0.285231
0.285992
0.286725
0.287432
0.288115
0.288774
0.28941
0.290024
0.290618
0.291192
0.291746
0.292282
0.292801
0.293302
0.293787
0.294257
0.294711
0.295151
0.295577
0.295989
0.296389
0.296776
0.297151
0.297514
0.297866
0.298208
0.298539
0.29886
0.289172
0.299474
0.299767
0.300052
0.300328
0.300596
0.300856
0.301109
0.301354
0.301592
0.301824
0.302048
0.302267
0.302479
0.3026a85
0.302885
0.30308
0.203269
0.303453
0.303632
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1.07
1.08
1.09
1.1
1.11
1.12
1.13
1.14

16
17
18
19
1.2
1.21
122
1.23
1.24
1.25
1.26
1.27
1.28
1.29
1.3
1.31
132
1.33
1.34
1.35
1.36
1.37
1.38
1.39
14
1.41
1.42
1.43
1.44
1.45
1.46
1.47
1,48
1.49
1.5
1.51
1.52
1.53
1.54
1.55
1.56
1.57
1.58
1.59
1.6
1.81
162
163
1.84
165
1.66

0.52850561
0.53344491
0.53838422
0.54332352
0.54826282
0.55320213
0.55814143
0.56308074
0.56802004
057295935
0.57789865
0.58283796
0.58777726
0.59271657
0.59765587
0.560259518
0.60753448
0.61247379
0.61741309
0.6223524
0.6272917
0.632231
0.63717031
0.64210961
0.64704892
0.65198822
0.65692753
0.66186683
0.66680614
0.67174544
0.67668475
0.68162405
0.68656336
0.69150266
0.69644137
0.70138127
0.706832058
0.74125988
0.71619919
0.72143849
0.72607779
B7I0T7

© 9.735p564
0974449571
0.7 1

0.78077432

" 079571362

[

0.76065293
0.78559223
77053154

;- 377547084

478641015
'&76.234945

“(: 79028876

" $£79922806

0:80016737
0:80510667
0.81004597
0.81408528
0.81992458

46,238
46,306
46,372
46,438
46,502
46,566
46,628
46,690
46,751
46,810
46,869
46,927
46,985
47,041
47,097
47,151
47,205
47,259
47311
47,363
47 414
47 485
47,515
47,564
47612
47 660
47,707
47,754
47 800
47,845
47,890
47,934
47,978
48,021
48,064
48,106
48,147
48,188
48,229
48,2869
48,309
48,348
48,386
48,425
48,462
48,500
48,537
48,573
48,609
48,6845
48,680
48,715
48,748
48,783
48,817
48.850
48,883
48,316
48,948
48,980

52,851
53.34
53,838
54,332
54,826
56,320
55.814
56.308
56,802
57,296
57,790
58,284
58,778
58,272
59,766
60.260
60,783
61,247
61,741
62,235
52,729
63,223
63,717
64,211
64,705
65,199
65,6893
66,187
66,681
67,175
67,668
68,162
68,656
69,150
69,644
70,138
70,632
71,126
71.620
72,114
72,608
73,102
73,696
74,090
74,584
75,077
75,5M1
76,065
76,559
77,053
77,547
78,041
78,535
79,029
79.523
80,017
80,511
81,005
81,489
81,992

0.7874
0.7812
0.7752
0.7692
0.7634
0.7576
0.7518
0.7463
0.7407
0.7353
0.7299
0.7246
0.7194
0.7143
0.7092
0.7042
0.6993
0.6944
0.6897
0.6849
0.6803
0.6757
0.6711%
0.6667
0.6623
0.6579
0.6536
0.6494
(.6452
0.641
0.6369
0.6329
06289
0.625
a.6211
0.6173
0.6135
0.6098
0.6061
0.6024
0.5988
0.5952
0.5917
0.6882
C.5848
0.5814
0.578
0.5747
0.5714
0.5682
0.565
0.5615
0.5587
0.5556
0.5525
{1.5495
0.5464
0.5435
0.5405
0.5376

A3-65

-0.239
-0.237
-0.236
-0.235
-0.234
-0.232
-3.231
-0.23
-0.229
-0.228
-0.227
-0.225
-0.224
-0.223
-0.222
-0.221
-0.22
-0.219
-0.218
-0.217
-0.216
-0.215
-0.214
-0.213
-0.212
-0.211
-0.21
-0.203
-(.208
-0.207
-0.206
-0.205
-0.204
-3.203
-0.202
-0.201
-0.20%
-0.2
-0.199
-0.198
-0.187
-0.196
-0.195
-0.195
-3.194
-0.193
-0.192
-0.191
-0.19
-0.19
-0.189
-0.188
-0.187
-0.187
-(.186
-0.185
-0.184
0.183
-0.183
-0.182

0.0271
0.027
0.0269
0.0267
0.0266
0.0265
0.0264
0.0263
0.0262
0.0261
0.026
0.0259
0.0258
0.0257
0.0256
0.0255
0.0255
0.0254
0.0253
0.0252
0.0251
0.025
0.0249
0.0248
0.0247
0.0246
0.0245
0.0245
0.0244
0.0243
0.0242
0.0241
0.024
0.0239
3.0239
0.0238
0.0237
0.0236
0.0235
0.0234
0.0234
0.0233
0.0232
0.0231
0.0231
0.023
0.022%
090228
0.0227
0.0227
0.0226
0.0225
0.0224
0.0224
0.0223
00222
0.0222
0.0221
0.022
0.0219

-0.001

-0.001

-0.001

-0.001

-0.001

-0.001

-0.001

-0.001

-0.001

-0.001
-0.001
-0.001
-0.601
-0.001
-0.001
-0.601
-0.001
-0.001
-3.001
-0.001
-0.001

-0.01

-0.01

-0.001

-0.001

-3.001

-0.001

-0.001
-0.001
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
-1E-03
~-9E-04
-9E-04
-9E-04
-SE-04
-9E-04
-9E-04
-9E-04
-8E-04
-8E-04
-9E-04
-9e-04
-3E-04
-9E-04

30380.5382
30397.4362
30413.8674
30429.8459
30445,3853
30460.4987
30475.1989
30489.4981
30503.4081
30516.5404
30530.1058
30542.9152
30555.3787
305687.5063
30579.3077
30550.7520
30601.9682
30612.8451
306234311
30633.7341
30643.7622
30653.5229
30663.0235
30672.2712
30681.2729
30690.0352
30698.5647
30706.8676
30714.9499
30722.8176
30730.4763
30737.9317
30745.1890
30752.2534
30759.1300
30765.8237
30772.3392
30778.6812
30784.8540
30790.8621
30796.7096
308024006
30807.9391
306813.3290
30818.5739
30823.6776
30828.6435
30833.4751
30838.1757
30842.7485
30847.1968
30851.5235
30855.7316
3085¢9.8241
30863.8028
30867.6733
30871.4354
30875.0926
30878.6475
30882.1025

0.303805
0.303974
0.304139
0.304298
0.304454
0.304605
0.304752
0.304895
0.305034
0.305169
0.305301
0.305429
0.305554
0.305675
0.305793
0.305908
0.30602
0.306128
0.306234
0.306337
0.306428
0.306535
0.30683
0.306723
0.306813
0.3069%
0.306986
0.307069
0.307149
0.307228
0.307305
0.307379
0.307452
0.307523
0.307591
0.307658
0.307723
0.307707
0.307849
0.307909
0.307967
0.308024
0.208079
9.308133
0.308186
0.308237
0.308286
0.308335
0.308382
0.308427
0.308472
0.308515
0.308557
0.208598
0.308538
0.308677
0.308714
0.308751
0.308786
0.308821
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1.67
1.68
1.69
1.7
1.7
1.72
1.73
1.74
1.75
1.76
1.77
1.78
1.79
1.8
1.81
182
1.83
1.84
1.85
1.86
1.87
1.88
1.89
1.9
1.91
1.92
1.93
1.94
1.95
1.96
1.97
1.98
1.99

2.01
2.02
203
2.04
2.05
2.06
2.07
208
2.09
2.1
21
212
213
2.14
2.15
2.16
217
2.18
2.19
22
2.21
222
2.23
2.24
225
2.26

0.82486389
0.82980319
0.8347425
0.8396818
0.84462111
0.84956041
0.85449972
0.85943902
0.86437833
0.86931763
0.87425694
0.87919624
0.88413555
0.8B907485
0.894014186
0.898953486
0.90386276
0.90883207
0.91377137
0.91871068
0.92364998
0.92858929
0.93352859
0.9384679
0.9434072
0.54834651
0.95328581
0.95822512
0.96316442
0.96810373
0.97304303
0.97798234
0.98292164
0.58786094
0.99280025
0.99773955
1.00267386
1.00761816
1.01255747
1.01749677
1.02243608
1.02737538
1.03231469
1.03725399
1.0421933
1.0471326
1.05207191
1.05701121
1.06195052
1.06688982
1.07182313
1.07676843
1.08170772
1.08664704
1.09158634
1.09652565
1.10146495
1.10640426
1.11134356
1.11628287

49,012
49,043
49,074
49,104
49,134
49,164
49,194
49,223
49,252
49281
49,309
49,338
49,365
49,393
48,420
49,447
49,474
43,501
49,527
49,5563
49.579
49,604
49,629
49,654
49,679
49,704
49,728
49,752
49,776
49,800
48,823
49 846
49,869
49 852
43,915
49,937
49,959
49,981
50,003
50,024
50,046
50,067
50,088
50,109
50,130
50,150
50,170
50,190
50,210
50,230
50.250
50,268
50.289
50,308
50,327
50,348
50,364
50.383
50,401
50,418

82,486
§2.980
83,474
£3,968
B84 462
84 956
85,450
85,944
86,438
86,932
87,426
87,920
88,414
88,907
89,401
89,895
90,389
90.883
91,377
91,871
92,365
92,859
93,353
93,847
94.341
94,835
95,329
95,823
96,316
96,810
97,304
97,798
98,292
98,786
99,280
99,774
100,268
100,762
101,256
101,750
102,244
102,738
103,21
103,725
104,219
104,713
105,207
105,701
106,195
106,689
107,183
107.677
108,171
108,665
109,159
109,653
110,146
110,640
111,134
111,628

0.5348
0.5319
0.5281
0.5263
0.5236
05208
05181
0.5155
0.5128
0.5102
0.5076
0.5051
0.5025
05
0.4975
0.495
0.4926
0.4902
0.4878
0.4854
0.4831
0.4808
0.4785
04762
0.4739
04717
0.4695
0.4673
0.4651
0.463
0.4608
0.4587
0.4566
0.4545
0.4525
0.4505
0.4484
0.4464
0.4444
0.4425
0.4405
0.4388
0.4367
0.4348
0.4329
0.431
0.4292
0.4274
0.4255
0.4237
0.4219
0.4202
0.4184
0.4167
0.4149
0.4132
¢.4115
0.4098
0.4082
0.4065

A) - 06

-0.181
-0.181
-0.18
-0.179
-0.178
-0.178
0177
-0.176
-0.176
-0.175
-0.174
-0.174
-0.173
-0.172
0.172
0171
-0.17
017
-0.169
-0.168
-0.168
-0.167
-0.167
-0.166
0.165
-0.165
-0.164
-0.784
-0.163
0.162
-0.162
-0.161
-0.161
-0.16
-0.18
-0.158
-0.158
-0.158
-0.157
0157
-0.156
-0.156
-0.155
-0.155
-0.154
-0.154
-0.153
-0.153
-0.152
-0.152
-0.151
-0.151
-0.15
-0.15
-0.148
-0,149
-0.148
-0.148
-0.147
-0.147

0.0219
0.0218
0.0217
0.0217
0.0216
0.0215
0.0215
0.0214
0.0213
0.0213
0.0212
0.0211
0.0211
0.021
0.0209
0.0209
0.0208
0.0207
0.0207
0.0206
0.0208
0.0205
0.0204
0.0204
0.0203
0.0203
0.0202
0.0201
0.0201
0.02
0.02
0.0199
0.0198
0.0158
0.0187
0.0197
0.0196
0.0196
0.0195
0.0195
0.0194
0.0193
0.0193
0.0192
0.0192
00191
0.0191
0.019
0.019
0.0188
0.0189
0.0188
0.0188
0.0187
a.c1e7
0.0188
0.0186
0.0185
0.0185
0.0184

-9E-04
-9E-04
-9E-04
-9E-04
-3E-04
-9E-04
-3E-04
-9E-04
-9E-04
-9E-04
-9E-04
-9E-04
-9E-04
-SE-04
-9E-04
-9E-04
-9E-04
-9E-04
-9E-04
-9E-04
-9E-04
-9E-04
-9E-04
-9E-04
-BE-04
-9E-04
-9E-04
-9E-04
-9E-04
-9E-04
-8E-04
-8E-D4
-8E-04
-8E-04
-BE-04
-BE-04
-8E-04
-8E-04
-BE-04
-8E-04
-8E-04
-8E-04
-8E-04
-8E-04
-8E-04
-8E-04
-8E-04
-8E-04
-8E-04
-8E-04

-8E-04
-8E-04
-BE-04
-8E-04
-8E-04
-8E-04
-8E-04
-8E-04
-8E-04

30885.4600 0.308855
308887223 0.308887
30891.8917 0.30891%
30894.9703 0.20895
30897.9604 0.30898
30800.8640 0.109009
30903.6832 0.309037
30906.4199 0.309064
30909.07¢0 0.309091
30911.6534 0.209117
30914.1540 0.309142
30916.5796 0.309166
30918.9318 0.309189
30921.2124 0.309212
30923.4229 0.309234
30925.5651 0.309256
30927 6405 0.309276
30929.6506 0.309297
30931.5969 0.309316
30833.4809 0.309335
30835.3039 0.309353
30937.0673 0.309371
30938.7726 0.309388
30940 4209 0.309404
30942.0137 0.30942
30843.5520 0.209428
30945.0373 0.30945
30946.4705 0.309465
30947.8530 0.309479
30949 1858 0.309492
30950.4701 0.309505
30951.7068 0.309517
30952 8872 0.309529
30954.0421 0.30854
30855.1427 0.309551
30956.1998 0.309562
30957.2144 0.309572
30958.1876 0.309582
30859.1201 0.309591
30960.0128 0.3096
30960.8668 0.30960%9
30961.6828 0.309617
30962.4615 0.309625
30963.2039 0.309632
30963.9107 0.309639
30964 5328 0.309646
30965.2207 0.309852
30965.8254 0.309658
30966.3975 0.3096864
30566.9377 0.309669
30967 4468 0.309674
30967 9253 0.309679
30968.3740 0.309684
30968.7934 0.309688
30969.1843 0.309692
30969.5473 0.300695
J0969.8828 0.309699
30970.1916 0.309702
A0970.4742 0.309705
30970.7312 0.309707
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2.27
2.28
2.29
23
2N
2.32
233
2.34
235
2.36
237
238
2.38
24
2.41
242
2.43
2.44
245
2.48
2.47
2.48
249
2.5

112122217
112616148
113110078
1.13604009
1.14097939
11459187
1.150858
15579731
16073661
16567592
17061522
17555452
. 18049383
18543313
18037244
19531174
.20025105
20519035
21012966
21506896
22000827
22494757
.22988688
1.23482618

—a » b s ok ok ok A s A A mk 4 & A

50.437
50,455
50,473
50,491
50.508
50,526
50,543
50.560
50,577
50,594
50,610
50,827
50,643
50,660
50,676
50,692
50,708
50,723
50,739
50,755
50,770
50,786
50,801
50.816

112122
112,616
113.110
113,604
114,098
114,582
115,086
115,580
116,074
116,568
117,062
117,555
118,049
118,543
119.037
119,531
120.025
120,519
121,013
121,507
122,001
122,495
122,989
123,483

0.4049
0.4032
0.4016
04
0.3984
0.3968
03953
0.3937
0.3922
0.3906
0.3891
0.3878
0.3861
0.3845
0.3831
0.3817
0.2802
0.3788
03774
0.3759
0.3745
0.3731
0.3717
0.3704

-0.146 0.0184 -8E-04
-0.146 0.0183 -BE-04
-0.145 0.0183 -8E-04
-0.145 0.0182 -8E-04
-0.144 0.0182 -8E-04
-0.144 0.0181 -8E-04
-0.143 0.018% -8E-04
-.143 0018 -SE-04
-0.143 0018 -8E-04
-0.142 0.017¢ -8E-04
-0.142 0.0179 -8E-04
-0.141 0.0178 -8E-0d
-0.141 0.0178 -8E-04
014 0.0177 -8E-04
-0.14 0.0177 -8E-04
-0.139 Q.76 -BE-04
-0.139 00176 -BE-04
-0.139 0.0176 -BE-04
-0.138 0.0175 -BE-Q4
-0.138 0.0175 -8E-04
-0.137 0.0174 -8E-04
-0.137 00174 -BE-D4
-0.137 0.0173 -BE-04
-0.136 0.0173 -BE-04

30970.9631
308711704
30971.3537
30971.5136
30971.6504
30971.7647
30971.8570
30971.9277
30971.5774
30972.0064
30872.0152
30972.0043
30971.9740
30971.9248
30971.8570
30971.7712
30971.6678
30971.5466
30971.4087
30971.2541
30971.0833
30970.8966
30970.6943
30970.4767

0.30971
0.309712
0.309714
0.309715
0.309717
0.309718
0.309719
0.309719

0.30972

0.30872

0.30872

0.30972

0.30972
0.309719
0.309719
0.305718
0.309717
0.309715
0.309714
0.309713
0.300711
0.309709
0.309707
0.309705
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CHAPTER VI - YPR AND SSBPR

YPR

(.40 5

0.35 1

0.30

.25 4

0.20 4

0.15 4

0.10 +

Q.05

YELLOWTAIL FLOUNDER

F t,=1 t.=2 t, =3 t.=4
0 0 0 0 0

0.0t 0.02416 0.0228% 0020415 0.01748
0.02 0.04568 004356 0.03801 0.03348
0.03 006488 0.06227 00559682 0.04817
.04 0.08203 0.07923 0.071507 0.06167
.05 0.09736 0.09485 0085738 0.07411
Q.06 0.1111 0.10868 0098808 0.08559
0.07 0.12342 012148 0110837 0.09621
0.08 0.13447 013318 0.121928 0.10605
0.09 0.14439 0.14388 0.132175 0.11519
0.1 0.15331 0.15369 0.141659 0.12389
011 (0.16134 0.1627 0.150452 G.13161
0.12 0.168586 017098 (.15862 0.139
0.13 017505 0.17881 0.166218 0.145%1
014 0.18089 0.18565 0.173288 0.15238
(15 0.18615 0.19214 0179906 0.15845
0.16 0.19088 0.19815 0.186082 0.18415
017 0.19513 0.20371 0.191863 0.16951
018 0.15895 020886 0.197282 0.17457
019 0.20239 0.21384 0.202369 0.17933
02 020546 (0.21808 0.207149 (.18384
0.21 0.20821 0.2222 ©.211646 0.18809
022 021067 0.22604 0.215883 0.19213
023 021288 0.22961 0.21988 0.19595
024 0.21481 023294 0223653 0.19958
025 021653 0.23604 0.227218 0.20303
026 0.21806 0.23894 0.230503 0.2063%
027  0.21939 (0.24184 0.233788 0.20943
028 (0.22055 024416 0238816 02124
0.29 022155 0.24652 0.239689 0.21524
0.3 022242 0.24873 0.242418 0.21795
031 022318 0.25079 024501 0.22054
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CHAPTER V1 - YPR AND S5BPR

0.32
0.33
034
0.35
0.38
0.37
0.38
0.39
04
0.41
.42
0.43
0.44
0.45
0.46
0.47
048
0.49
0.5
0.51
0.52
053
0.54
0.55
0.56
0.57
0.58
0.59
0.6
0.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.69
07
0.71
0.72
0.73
0.74
0.75
0.78
0.77
0.78
0.79
0.8
0.81
0.82
0.83
0.84
085
0.86
0.7
0.88
0.89
09
#R:3

0.22377
0.22427
0.22487
0.22497
0.22519
0.22533
0.22539
0.2253%
0.22532
0.2252
0.22503
0.22481
0.22454
0.22423
0.22389
0.22351
02211
0.22266
0.22219
0.2217
0.22118
0.22085
0.22009
0.21952
0.21893
0.21833
0.21772
02171
0.21646
0.21582
0.21516
0.2145
0.21384
0.21316
0.21249
0.2118
0.21112
0.21043
0.20874
{1.20905
0.20835
0.20766
0.20696
0.20627
0.20557
0.20488
0.20418
0.20349
0.2028
0.20211
0.20142
0.20074
0.20005
0.19837
0.1987
0.19802
0.19735
0.19668
0.19602
0.19535

0.25272
0.25453
0.25622
0.2578
0.25929
0.26068
0.26198
0.2632
0.26434
0.26541
0.26641
0.26734
0.26822
0.26804
0.26981
0.27053
0.2712
0.27183
0.27241
0.27296
0.27345
0.27354
0.27437
0.27478
0.27516
0.27551
0.27583
0.27613
0.27641
0.27666
0.27689
02771
0.27729
0.27746
0.27762
0.27776
0.27788
0.27799
0.27808
0.27817
0.27823
0.27829
0.27834
0.27837
0.2734
0.27841
0.27842
0.27841
0.2784
0.27838
0.27838
0.27832
0.27828
(.27824
0.27818
027812
0.27806
0.27799
0.27791
0.27784

AJ - 69

0.247476
0.245823
0.252058
0.254189
0.256221
0.258181
0.260013
0.261733
0.263475
0.265094
0.266644
0.268128
0.26955
0.270913
027222
0.273475
0.274679
0.275836
0.276947
0.278015
0279042
0.28003
0.28098
0.281895
0.282778
0.283625
0.284443
0.285231
2.285092
J.286725
1.287432
1.288115
0.288774
0.28941
1.280024
0.290618
0.291192
0.291746
0.292282
0.292801
0.293302
0.293787
1.294257
1.294711
0.295151
(1.295577
0.295989
1.256389
0.296776
£0.297151
(.297514
0.297866
0.298208
(0.298539
0.20886
0.299172
0.299474
0.299787
0.300052
0.300328

0.22302
0.22539
022768
0.22984
0.23193
0.23393
023586
0.23774
0.23948
0.2412
0.24285
0.24444
0.24598
0.24745
0.24888
0.25026
0.25159
0.25287
0.25412
0.25532
0.25648
0.25761
0.2587
0.25976
0.26078
0.26177
0.26274
0.26367
(.26458
0.26546
0.26632
0.26715
0.26796
0.26874
0.26951
0.27025
0.27097
027168
0.27236
0.27303
0.27368
0.27431
0.27493
0.27553
0.27612
0.27669
027725
0.2778
0.27833
0.27885
0.27936
0.27985
0.28034
0.28081
0.28127
0.28172
0.28217
0.2826
0.28302
0.28343
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- —— .

0.92
0.93
094
0.95
0.96
0.97
0.98
0.99

1.01
1.02
1.03
1.04
1.05
1.06
+.07
1.08
1.08
1.1
t.11
112
1.13
1.14
1.15
1.16
1.17
1.18
1.19
1.2
1.21
1.22
1.23
124
1.25
1.26
1.27
1.28
1.29
13
1.31
1.32
1.33
1.34
1.35
1.36
1.37
1.38
1.38
14
1.41
142
1.43
1.44
145
1.46
1.47
1.48
1.49
1.5
1.51

0.1947
0.19404
0.19339
0.19274

0.1921
0.19146
0.19082
0.19019
0.18956
0.188%4
0.18832
0.18771

0.1871
0.18648
0.18589
0.18529

0.1847
0.18411
0.18352
0.152%4
0.18236
0.18179
0.18122
0.18066

0.1801
0.17954
0.17899
0.17845

0.1779
017737
0.17683

0.1763
017578
0.17525
0.17474
(0.17422
0.17371
0.17321
017271
0.17221
0.17171
0.17122
0.17074
0.17026
0.16978

0.1693
0.16883
0.16837

0.1679
0.16744
0.16699
0.16654
0.16609
0.16564

0.1652
0.16477
0.18433

0.1639
0.16347
0.16305

0.27775
0.27766
0.27757
0.27748
0.27738
0.27727
0.27717
0.27706
0.27695
0.27683
0.27671
0.2766
027647
0.27635
0.27622
0.2761
0.27597
0.27583
0.2757
0.27557
0.27543
0.27529
0.27515
0.27502
0.27487
0.27473
0.27459
0.27445
2.2743
0.27416
0.27401
0.27387
0.27372
0.27357
0.27342
0.27328
0.27313
0.27298
0.27283
027268
027253
0.27238
0.27223
0.27209
0.27194
0.27179
0.27164
0.27149
0.27134
027119
0.27104
0.27089
0.27074
0.27058
C.27045
0.2703
0.27015
0.27
0.26986
0.26971

A3-T70

2.300596
13.300856
1.301109
1.301354
0.301592
3.301824
0.302048
0.302267
0.302479
0.302685
0.302885
0.30308
0.303268
0.303453
0.303632
(.303805
0.303974
0.304139
0.304298
0.304454
0.304605
0.304752
(.304895
0.305034
0.305169
0.305301
0.305429
0.305554
0.305875
0.305793
0.305908
0.30602
0.306128
0.306234
0.306337
0.306438
0.306535
(.30663
0.306723
0.306813
0.3069
0.306966
0.307069
0.307149
0.307228
0.307305
0.307379
0.307452
0.307523
0.30759
0.307658
0.307723
0.307787
0.307848
0.307908
0.307967
0.308024
0.308079
0.308133
0.308186

0.28384
0.28423
0.28462
0.285
0.28537
0.28573
0.28609
0.28844
0.28678
0.28712
Q.28744
0.28777
0.28808
0.28839
0.28869
0.28899
0.28928
0.28957
0.28985
0.29012
0.2504
0.25066
0.29092
0.29118
0.29143
0.29168
0.29192
0.29218
0.29239
0.29262
0.29285
0.29307
0.28329
0.2935
0.29371
0.29392
0.20412
0.28432
0.26452
0.29471
0.2949
0.29509
0.29528
0.29546
0.29584
0.29581
0.28599
0.29616
0.29633
0.29649
0.29665
0.29681
0.29697
(.29713
0.29728
0.29743
0.29758
0.29773
0.29787

0.29801
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1.52
1.53
1.54
1.55
1.56
1.57
1.58
1.59
t.6
1.61
1.62
163
1.64
165
1.66
1.67
1.68
1.69
1.7
1.7
1.72
1.73
1.74
1.75
1.76
1.77
1.78
1.79
1.8
1.81
1.82
1.83
t.84
1.85
1.86
.87
1.88
1.89
1.9
1.81
1.92
1.93
1.94
1.95
1.96
1.97
1.98
1.99

2.01
2.02
2.03
2.04
205
2.06
2.07
2.08
209
2.1
211

0.16263
0.16221
0.1618
0.1613¢9
$.16098
0.16057
0.18017
0.15978
.15338
0.15899
0.1586
0.15821
0.15783
0.15745
0.15708
0.1567
0.15633
0.15596
0.1556
0.15524
0.15488
0.15452
0.15417
0.15382
0.15347
0.15312
0.15278
0.15244
0.152%
0.151786
0.15143
0.1541
0.15077
0.15045
0.15013
0.1498
0.14949
0.14917
0.14888
0.14858
0.14824
0.14793
0.14763
0.14733
0.14703
0.14673
0.14643
0.14614
0.14585
0.14556
0.14827
0.14499
0.1447
0.14442
0.14415
0.14387
0.14359
0.14332
0.14305
0.14278

026956
0.26942
0.26927
0.26912
0.26898
0.26883
0.26869
0.26855
0.2684
0.26826
0.26812
0.26797
0.26783
0.26769
0.26755
0.26741
0.26727
0.26713
0.26699
0.26685
0.26672
0.26658
0.26644
0.26631
0.26617
0.26604
0.2659
0.26577
0.26563
0.2655
0.26837
0.26524
0.2651
0.26497
0.26484
0.26471
0.26458
0.26445
0.26433
0.2642
0.26407
0.26395
0.26382
0.26369
0.26357
0.26344
0.26332
0.2632
0.26308
0.26295
0.26283
0.26271
0.26259
0.26247
0.26235
0.26223
0.26211
0.262
0.26188
0.26176
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0.308237
0.308286
0.308335
0.308382
0308427
0.308472
0.308515
0.308557
0.308598
0.308638
0.308677
0.308714
0.308751
0.308786
0.308821
0.308855
0.308887
0.308919
0.30895
0.30898
0.308009
0.309037
0.309064
0.309091
0.309117
0.309142
0.209166
0.309189
0.309212
0.309234
0.309256
0.309276
0.309297
0.308316
0.309335
0.309353
0.309371
0309388
0.309404
0.30942
0.309436
0.30945
0.308465
0.309479
0.309492
1.309505
0.308517
3.309529
0.30954
0.309551
0.209562
2.309572
0.309582
0.309591
0.3096
(.309608
0.309617
0.309625
0.309632
0.309639

0.25815
0.29829
0.29643
0.29856
0.2987
0.29883
0.29895
0.29908
0.29921
0.29933
0.29545
0.29957
0.29969
0.29981
0.29992
0.30004
£.30015
0.30026
0.30037
0.30048
0.30058
(.30069
0.30079
0.3009
0.301
0.3011

0.30119]).

0.30129
0.30139
0.30148
0.30158
0.30167
0.30176
0.30185
0.301594
0.30203
0.30212
0.3022
0.20229
0.30237
0.30245
0.30254
0.30262
0.3027
0.30274
0.30286
0.30293
0.30301
0.30309
0.30316
0.30323
0.30331
0.30338
0.30345
0.30352
0.30359
0.30366
0.30373
0.3038
0.30386
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CHAPTER VI - YPR AND SSBPRR

212  0.14251 0.261685 0.309648
213 014225 026153 0.309652
214 014199 0.26142 0,309658
215 0.14173 0.2613 0.309664
216 014147 028119 0.309669
217 0.1412% 0.26107 (.309674
218 0.14095 026096 0.309679
219 01407 0.26085 0.309684
22 0.14045 0.26074 0.309688
221 $.14019 0.26083 0.309652
222 013995 0.26052 0.309695
223 01397 0.2804 0.309699
2.24  0.13945 0.2603 0.309702
225 0.13921 0.26019 0.309705
226 0.13897 0.26008 0.309707
227 0.13873 0.25997 0.30971
228 0.13849 0.25988 0.309712
229 0.13825 0.25975 0.309714
23 0.13801 0.25965 0.309715
231 013778 0.25954 0.309717
232 013755 (0.25944 0.309718
233 0.13732 025933 0.309719
234 0.13709 025823 0.309719
235 0.13586 0.25812 0.30972
236 0.13663 025902 0.30972
237 013641 0.25841  0.30972
238 0.13619 025881 (.30972
239 0.135968 0.25871 0.30972
24  (0.13574 0.25861 0.309719
241 0.13552 0.25851 0.309719
242 013531 0.25841 (.309718
2.43  0.13509 0.25831 0.309717
244  0.13488 0.25821 0.309715
245 0.13466 0.25811 0.309714
2468 0.13445 0.25801 0.309713
247 0.13424 0.25791 0.308711
248 0.13403 0.25781 (.309709
249  0.13382 0.25771 0.309707
25 0.13382 0.25762 0.308705

0.30393
0.304
0.30408
0.30412
0.30419
0.30425
0.30431
0.30437
0.30444
0.3045
0.30456
(.30481
0.30467
0.30473
0.30479
0.30484
0.3049
0.30496
0.30501
0.30508
0.30512
0.30517
0.30522
0.30528
0.30533
0.30538
0.30543
0.30548
0.30553
0.30558
0.30563
0.30588
0.30572
0.30577
0.30582
0.30586
0.30591
0.30596
0.306

For ysllowtail lounder, the ¢, that gives
the highest yield is age 3.

Solving for L ,:

i, =L_"(1-6™N
L, = 46%(1-9 05
39.0507

Then, solve for the mesh length:

mi = Ly/SF

mi = 39.05/2.8
15.0195
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CHAPTER VI - YPR AND SSBPR Exercise 1

If M/K is large, then natural mortality exceeds growth indicating many fish wili die before
completing their potentiat growth. Management should allow heavy fishing at a small size
reiative to maximum size. Cod and silver hake reach maximum biomass at only 61% and

51% respactively of their L _.

If M/K is small then growth is high relative to natural mortality, and the cohort will reach
maximum biomass at a larger size relative to maximum size. Management should
maximize the size or age at entry. Yallowtail flounder with M/K = 0.3 reaches maximum

YPR at 85% of its maximum size.

The management dilemma is that to maximize YPR, cod requires a mesh size of 24.6 cm,
silver hake requires a mesh size of 9.5 cm, and yellowtail flcunder requires a mash size
of 15.0 cm. In a multi-species fishery, using a mesh size appropriate to maximize the
yield of cod will result in escape of aimost all whiting and most yellowtail flounder.
Conversely, using a mesh size appropriate for whiting will result in the capture of juvanile
cod and severely growth and recruitment overfish the cod stocks. |
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CHAPTER VI - YPR AND SSBPR Exercisa 2

Use the spreadsheet program in worksheet Exercise 2.
Insert parameter val%:es for summer flounder in the appropriate places.

For each value of L oy and L, (35 and 55 cm}, use F values of 0.0,0.1,02,03,04,05,1.0,15,
2.0, 25, and 3.0.

For each value of F, copy the YPR/SSBPR row (cells J26 to M26) and Paste Special as Values
in the matching F row below (cells C40 to C50 for 35 ¢m and J40 to J50 for 55 cm).
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CHAPTER V! - YPR AND SSBPR

Yleld Par Recruit Model

stangard deviation =5

Exarc se 2

Exampie: L g and L, = 55 em and

steepness = 0.33 F=00
age Lcm) W(kgy P N, Biomass SSB Gl TraM Yoa 538 Yree OBrew  Now N e |
0 00 00 000 1000 O 0 0000 0000 O Q 0 0 1000 1L0C |
1 159 05 000 819 400 0 0000 0000 O 0 0 0 8ts a9
2 2388 30 014 670 2028 278 0000 0000 O 276 2 275 870 &0
3 393 78 096 543 4295 4118 0.007 0008 118 4118 95 4115 543 5.8
4 477 143 100 449 5407 6405 0.348 0083 1398 6226 974 6260 437 439
5 5468 215 1.00 368 7925 7925 0.997 0487 7138 1914 3534 5549 89 258
6 602 290 1.00 301 B742 8742 0586 0.848 2340 39 6168 943 1 3
7 647 362 100 247 8937 8937 0,153 0961 34 4 1089 33 0 !
8 683 429 1.00 202 8683 8663 0.028 0988 1 2 38 1 0 )
9 713 489 1.00 165 8081 8081 0.005 0895 O 2 1 Q 0 )
10 737 541 100 135 7325 7325 Q001 0998 O 1 ) 0 0 )
11 757 58.8 1.00 11t 6497 6497 0000 0899 O 1 o a 0 )
12 772 625 100 91 5888 5688 0.000 0999 0 1 ] 0 o )
13 785 657 100 74 4880 4880 0000 1000 O 1 0 0 0 3
14 796 684 100 61 4160 4180 0.000 1.000 0 1 0 0 0 N
15 804 707 100 S50 3518 3518 0000 1000 O 1 0 0 0 n
16 811 725 100 41 2958 29568 0.000 1000 O 1 0 0 0 il
17 818 740 100 33 2471 2471 0.000 1000 O 1 0 0 0 )
18 821 753 100 27 2057 2057 0.000 1000 O 0 0 0 ) )
19 824 763 1.00 22 1707 1707 0000 1000 O 0 0 0 ] t
20 827 772 100 18 1413 1413 0000 1000 O 0 ] 0 0 0
Yield/SSB 11027 12500 11899¢ 17178
YPR/SSBPR 11.027 12.580 11.899 17.178
Maturity Operalors:
Pr=(1+9['°1'(f'ﬂT)))-?
at.
By 2ar
35 em 55 cm
F Yau S5Bom Yrmd SSBrre F Yo S5Boa Yrww  S55Briems
0 0.000 95798 0.000 95.798 | 0 0000 95738 0000 95798
0.1 0414 853 B.14 54.8387 0.1 18745 81435 57364 G7.610062
0.2 0768 7597 8.12 35.9611 0.2 230738 69.784 82507 53.026843
0.3 1.082 6763 881 259504 03 42709 60.188 9.5313 44536563
0.4 1373 6032 9.02 20.0429 04 5.2979 5231 10.267 39.100139
0.5 1.644 53.774 9.051 16.240 05 6.177 45837 10.728  35.353
1 2787 30.472 8.857 8.430 + 8984 26995 11,618 26457
1.5 3583 17.500 8290 5.944 1.5 10181 19.498 11846 22.876
2 4162 10.240 8.031 4.760 2 10702 16232 11921 20.857
25 4568 6.147 7.838 4.069 25 10.919 14813 11.940 19.517
3 4848 3815 7.68 3.61053 3000 11.003 13.676 11.936  18.541
SSBPRygy = 19.18
SSBPRy« line= 0  19.16
3 19.16




CHAPTER VI - YPR AND S58PR

Summaer Flounder YPR
12 -
10 4
8
g 6
o

4 4

= Gillnet - 35 cm

2 — Gillnet - 55 cm

= Trawl - 35 cm
~—=Trawl - 55 cm

T T T 2 "

0.0 05 10 15 20 25 30
Fishing Mortality (F) .

Summer Flounder $SBPR
100
%0 Trawl - 35 cm
Tramd - 55 cm
a0 - = illnet - 35 cm
70 4 Gillnet - 55 cm
------ 20% SSBPR

SSBPR

0 , r Y T T v
ao 0.5 1.0 15 20 2.5 30

Fishing Mortality (F)

Basaed on the YPR piots, yield of surnmer flounder with an L & of 55 cm in the trawl

fishery asympiotes at about 11.9 and reaches 87% of that level at £ = 1.0.

Given the maturity characteristics of summer flocunder, the SSBPR curve for trawis
with an L g of 55 cm remains above the 20% minimum recruitment overfishing level

bayond Fs of 2.5.

Exercisi 2



CHAPTER VIl - PRODUCTION MODELS Exstcise 1

Given tha lollowing catch and sffort data for the trawt flshery on this pelagic Ash species
for the perlod 1976 to 1995:

Catht Tt
bl (10% gy (10,000
1576 164 0.13
19077 283 028
1978 M8 0.3
1979 so7 0.51
1980 548 .72
1681 80z c.08
1082 584 112
1583 342 0.98
1964 82t 103
1988 487 1.08
1988 2 s
1987 s
1988 28 133
1586- 156 . 1.86
1990 Y2
1091 81 1.58:
1m &(' . 1_& .'.:
1993 8z 1.58
18G4 75 1.00.
1905 71 1.02

A, Plot the trajectories of catch and affort. Deacriba tha time history of the fishary.

B. Estimate the parameters of Schaefer and Fox Surpius Production models for the
data using linear regression,

C. Usa Solver to Improve the parameter astimates for the Schaefer and Fox models.

D. Estimate Yugy and gy for both modeis, compare graphic and empirical estimates,

W 718
. 1000 4 +18
; 114
: 800 E
. 412
2 3
2 8001 T10 §
! -]
i ‘é +08 &
! 4
i 4 400 los g
5 }oa4
200 -
‘ 402
0 0.0
_ 1975
History of Fishery

- Steady incresse In offort over 20 vears
- Sharp increase In landings early in history of fishery, peak in 1581, then steady decline to collapss.

|- Peak in CPUE in iute 1970l.mm_adzdodhodmmmt.om

A}.T7



CHAPTER VIl - PRODUCTION MQDELS

(8)

SCHAEFER MODEL - Linsar Regression

Yaar Catch Effort

110%kg) (10,000 days} CPUE
Tg78 104 0.13 800.00
1977 282 0.28 1007.14
1978 48 0.39 ag2.31
1978 507 0.51 994,12
1980 548 072 761.14
1981 802 098 814.20
1982 584 112 521.43
1583 542 0.98 564,58
1964 521 1.03 505.83
1985 487 1.08 448.78
1906 472 115 410.43
1987 418 1.22 340.98
1988 298 132 225.76
198¢ 150 1.50 100.00
1890 72 1.52 47,37
1994 81 1.53 52.94
1992 80 1.56 3a.48
1963 az 158 5§1.90
1964 75 1.80 46.88
1995 71 1.82 43.83

era ara 2 mathods o calculate the siope and y-ntercept: .

{1) Go to Tool, Datx Analysis, Regression, salect the input and output
ranges, then click OK. The twe numbers that ar important are the X
variable 1 which is the siope and inwercapt which is the y-intercept.

(2) Select the deta seres on the graph, right click, and choose Add
Trandiine. Chooss Tinear” for the Typs. In the Options tab, click "display
aquabion on chart”

1200 +

1000 1
R=0923

CPUE
g

400 4

200 4

y = -698.28x + 1184 8

0.0 02 0.4 0.8 048 10 1.2 14

For the linsarzed Schaefer mocek _%.,_bf

the & parametsr squais the y-intercapt and the & paremetsr squais the negative of the

slope

So,8 = 1184.8
and b = £698.28

A3 78

Exercis 1



CHAPTER Vil - PRODUCTION MODELS Exerisa 1

From Tools, Data Anatysis, Regression:

SUMMARY OUTFUT
Rogression Staistica
IMultiple R 0.98074
R Square 0.9230214
Adjusted B Square 0.9187448
Standard Emor 97 36776
Observations 20
ANOVA
F 55 MS F_ Sioniicance £
I'Ragrouion T 2048184 527 20401845 2158313079 182475611
Resdual 18 170848.8508 9480 4808
Total 19 2216833.178
Coefficients Standard Error __{ Stal P-vakis _ Lower 45% _Upper 35% Lower 98.0% Ugper $5.0%
|In«reop( 1184.7003 5821509869 21.074381 3.80588E-14 1006.068318 1302.8921 108868862 1302.99211
X Variable 1 $98.2791  47.53043861 -14.801108 1.82475E-11 -796.1369228 -508.42128 -798.13892 -508,421276}
[FOX MOOEL - Linear anrculon
Catch Effort
Yesr (0% kg) (10,000 daysy "CPUB
1978 104 013 !
1977 282 0.28 891
1978 348 0.39 8.79
1979 507 0.51 8.90
1980 548 0.72 .63
1981 802 0.08 8.42
1982 584 112 828
1983 542 0.96 .34
1984 521 103 823
198 487 109 810
1988 42 115 8.02
1987 418 1.22 5.83
1988 298 132 542
1989 150 1.50 4,61
1990 72 1.52 188
1991 81 153 397
1992 60 1.58 365
1993 B2 1.58 385
1994 75 1,80 3.86
1995 71 1,82 378
g -
a9
7 ¥y =-2.18x + 8.0077
. - RE=0.7754
i B 4 * ..0 *
i .
@ 5]
8
I F 49 '.s
34
74
1 4
0 T r - T T T T T ]

o
[=1
=]
~
o
r
o
@
i g
]
-
a
-
N
-
F Y
@
-
(-3
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CHAPTER VI - PRODUCTION MODELS

(<)

From Tools, Data Analysia, Regression:

SUMMARY O

Regresaion Statistics
H'Mulﬂplc R 0.8805578
R Square 0.775382
Adjustec R Square 0.7828032
Standard Error 08023971

Chsesrvations 20
ANOVA _
8 ot 35 WS z z
Regression 1 2254807078 22540071 62.1360553 3.02287E07
Residuai 18 B5.531880271 03628822
Total 19 29,07996103
CosMicients Standard Error { Sia Avaim ___ Lowsr 06%__ Upper D6% Lower 05.0% Upper 96.0%
Intarcept 50377088 (0.347818508 Z3.100023 7.B443E-15  7.30697208 B.7084456 750067208 8.76844581
X Variabie 1 .2.317989  0.294062402 -7.8826427 3.02287E-07 2935791483 -1.7001862 -2.936791% -1.7001861

For the linearzed Fox mocied: o Yf =c—df

tha ¢ parameter aquais tha y-intarcapt and the @ paramaeter squals the negative of the

slope.

So. ¢ = 8.0377

and d = 2,318

SCHAEFER
1 Safors Solver } Aftar Sodver..
2 21
Yaw Uco.'hf mi “ o‘oooﬁimggpl) CPUE Cttfumy  (ComeCan)®  CilClim (c,_.ci
R3] 104 0.12 800.00 1685.82 /R0 185.38 785,53
977 282 028 1007.14 380,48 10916.83 320.51 148289
1978 348 0.39 8923 568.27 48520.07 400.98 3842.99
1979 307 (.51 g84,12 T05.50 Trrelzl 404.18 520.08
1980 548 0.72 78111 1215.03 444929.29 555.18 5125
1941 802 038 81429 1831.711 1312193.82 539.28 3933.885
1982 584 1.12 521.43 2202.88 2420780.75 453.18 10184.80
1983 542 0.58 584 58 1780.92 1534532.58 544,58 8.564
1384 521 1.03 50583 198113 207T397T1.47 523.08 428
1985 487 1.0@ 44879 2121.04 267007898 488.00 121.08
1986 472 1.15 410,43 228597 J290408.82 4668.83 8T8
18487 418 1.22 340.58 24B4.75 4279734 58 42273 4527
1988 2098 1.32 22578 27%.59 B163240.44 345.30 2238.85
1988 150 150 100.00 1348.30 10229125.82 183.12 172,18
1690 72 1.52 47.37 341417 1117011488 139.48 4553 .98
1991 81 1.53 52.94 4T 32 11332093.75 127.41 2153.81
1982 30 1.58 48 3547 50 12183204 .47 80.17 410.17
1993 a2 1.58 51.90 301514 12483071.84 B4.49 308.49
15904 75 1.80 48.58 388328 13019434.18 3814 1350 .82
1505 T1 1.02 43.83 3751.91 1354800948 1%.10 3587 .61
108877821.20 39248.92

AJ- 80
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CHAFTER ¥l - PRODUCTION MODELS

[SCRAEFER MODEL
Befors After
a8 1184.7803 | 1382414804
b 698.28 | 849.1115245
FOX MODEL
Bafors After
c 8.0377 | 7.827082179
d 2398 | 1BI70%eT0 ]
To graph the non-linear regreesion curves 1o
the original catch and effort data, creata »
series of effort values and soive for calch using

the approprisie parameter values from Solver

for sach model.

iparameter valuss that wera plugged into the squation in the Caichoo celumn.

FOX Befora Solver | Afar Soldver

Calch Effort 2 1
Yaar (10%kg) (10,000 days) In(CPUE) Catch, ., (C orndC an) Cath,,, {C g o)
1978 104 .13 668 27.72 3752579 25738  23827.19 |
1977 282 028 8.91 45291 2921037 4207 18820.50
1978 348 0.39 478 453088 1984059 481,35 17782.59
1979 507 0.54 .80 434 04 526 .09 508.10 Q.80
1980 548 0.72 B.83 419.99 18386.02 487.79 382561
1881 802 0.88 8.42 312.88 A3583.58 41388 353487 80
1982 584 1.12 626 258.4% *05854.30 360.74 47203.14
1983 42 0.58 B8.34 321.08 4881874 420.45 1477459
1984 521 1.03 823 292 .87 52044 84 kL g3 15324.01
1985 457 1.09 6.1¢ 269.60 4722545 37892 12118.34
1966 472 115 a.02 24759 50361.20 356.58 13322.57
1987 418 1.22 5.23 223.32 37126.88 330 887487
1988 298 1.32 5.42 191.83 1131438 30040 8.20
19689 150 1.50 4.61 143.48 42.57 248.18 §251.03
1990 72 1.52 388 138.80 44582 .54 240.58 2841205
1961 at 1.53 3.97 138.51 3081.91 237.78 24573.92
1992 80 1.58 3.88 129.84 4577.68 229.58 2875598
1993 a2 1.58 385 125.58 18968.39 2422 20228.00
1904 5 1.80 335 121.38 2150.88 218.95 202171
1965 71 1.82 378 117.33 2148.20 213,77 20304.12

55867773 361890.71
[The "HoTors Solver vaiues ars Tva Troar regression paramators values,
In Solver, the Set Target Caii is the Sum of the Squares and the By Changing Cella are the cais that contain the

HAEFER MODEL F [a]

Effort Catch Effort Catch
00 0.0000 0.0 0.0000
0.1 129.7503 0.1 209.0351
0.2 2425186 0.2 348.8080
03 338.3043 0.3 436.0788
c.4 417.1080 04 484.8011
0.5 478.9294 0.5 505.2820
0.8 5¢3.7088 08 505.5829
afr 551 8258 0.7 491.7328
0.8 562.5003 08 4688.83448
6.9 5563928 0.9 439.5802
1.0 533.3031 1.0 407.2534
14 4832311 1.1 73Sz
12 438.1769 12 320.7563
1.3 362.1406 13 308.0941
14 FIARYIL] 1.4 275.5708
15 183.1210 1.5 2448, 18623
1.8 38.1379 1.8 218.9604

Ad. 381
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CHAPTER VIl - PRODUCTION MODELS

Exan;lse 1

| 700 SCHAEFER MODEL 700 4 FOX MODEL
_ 860 LI i 600 4 . . :
) L I
! _ SUO-\.,RE_ : : § 5001?—\( 0.‘ !
I .3 400 4 | % 400 g
[ . ; = *
g 300 A | . i 0 4 »
(%]
200 200 .
i i fuge fogr *
.' w04 fo j 1qf e / o~
0 ; ; ' r ' 0 T T T
| 000 0.50 100 150 200 .00 0.50 1.00 1.50 00|
| Effort (10,004 deys) Effoct {10,000 days)
T -
Lacking at the sum of squars residuals, we can see that the Schaefer model fits the data Much batter then the FoX MOGBT, WIth MUGH |Ower
vaiues. This can aisc ba ssen by looking at the graphs with the model curves, it is cbvious that the Schasfer curves fits the data better,
o) g B
Fherafors, !
= 1382413 =1911057.4 =
Yiar = A(m.n)“ 4396 44 = 562.66 .
=1382.4 1382.4 = ‘
Sar = %(349.1 )= %698.22 0.814 '
I_rmrw [+} - T . ]
For the FO 0.00 0.5 100 150 220
Yy = %L{“” Effort (10,000 days)

S e :/l/d

Therefora,
Vuar = (] g = (0.549)e% = (0.549)925.19) = 508.35

fuar = Y gy =035

if we ad3 a frendline o the catch versus effort data and corsider i the squivalent

1o hand drawing in a curve, wa can see that the curve resembiea the Schasfer model
curve much mors than the Fox model curve. Vaiues of f gy and Y g, from the
“hand drawn curve” would be approximately 570 and 0.84, resspectively, slightly
highser than the Schasfer model values and very different from the Fox modei vaiues.

AY-82



CHAPTER VIl - PRODUCTION MODELS Exercisy 1

SCHAEFER MODEL

Microsoft Excel 8.0a Answer Raport
Worksheet: [Chapter 9 - Production Exercises.xis]Example 1
Report Created: 3/27/00 4:43:.01 PM

Target Celt {Min)
Cell Name Origﬂal Value Final Value

$1$180 (Cpee-Cons)’ 10867762120  39245.92

Adjustable Cells

Cell Name Original Value Final Value
$D3186 a After 1184.780316 1382.414604
$08187 Db After -698.28 849.1115245

Constraints
NONE



CHAPTER Vil - PRODUCTION MODELS

FOX MODEL

Microsoft Excel 8.0a Answer Report
Worksheet: [Chapter 9 - Production Exercisas.x|s]Example 1
Report Created: 3/27/00 4:43:14 PM

Target Ceil {Min) —
Cell Name Origrinal Value Final Value

SN$180 (Cpma-Cons)’  558577.73 361899.71

Adjustable Calls

Cell Name Original Value Final Value
$0§192 ¢ After 8.0377 7.827092179
$D$193 d After 2.218 1,817656676

Constraints
NONE

Exercisa 1



CHAPTER Vi - STOCK AND RECRUITMENT

Given the following stock-recruitment data, for each species:

(a) Piot the tims history of spawning stock size and recruitment.

(b) Estimate the paramsters of a Beverton-Holt stock-recruitment model
using both the linear and non-linear regression methods,

(c) Estimate the parameters of a Ricker stock-recruitment model using both

the linear and non-linear regression methods.
{(d) Describe and interpret the models for sach species over their time history.

Exsicise t

Shad__ Salmon Yellowtsil Flounder] _Biue Crab
Year S R S R Yaar S R S R
1921 150|449 1956 1.8 2.8
1922 40 228 1967 05 48
1923 70 198 1988 0.2 03
1924 106 81 1989 0 4
1925 162_1] 161 1980 0.3 0.5
1926 253 | 146 1961 0.1 0
1927 a7 162 1967 0.2 1
1928 108 | 263 1963 0.5 0.4
1829 ) 158 1964 0.2 8.8
1930 100|117 1868 04 3.7
1931 87 258 1966 08 31
1932 74 | 254 1967 |- 1.8 05
1933 97 219 1968 | 3 15.2
1934 145 | 128 1968 1.5 15
1535 88 | 128 1970 47 | 178
1938 137 _|_ 138 1871 3 7.1
1937 128 | 133 1972 |- 2.1 75
1938 123_| 159 1673 0.1 4
1939 71 183 1974 0.1 07
1940 | 213 193 88 86 1976 0 0.7
1941 | 284 | 188 33 57 1976 a1 5.7
1842 | 237 | 158 83 €9 1977 1 02 8.3
7943 | 228 | 135 592 150 1678 | 118 | 209 0.2 84
1944 | 200 | 113 7 14 1978 | 135 | 141 04 0.7
1945 1 123 | 83 60 128 1980 | 9.2 | 505 | 04 | 123
1848 | 101 103 44 82 1981 | 67 | 268 | 06 33
1947 | 75 129 48 77 1982 | 118 | 238 | 08 5
1948 | 66 114 75 81 1983 | 129 | 562 | 04 | 105
1949 | 75 97 1984 | 124 | 204 | 03 45
1950 | 65 30 1988 | 184 | 74 02 87
1851 | a9 88 1886 | 114 | 94 0.8 8.5
1952 | 120 | 128 1987 |33 173 | 04 | 127 |
1953 | 74 6% . [ 1988 | 27 63 | 38 ) 174
1954 | 77 168 ;. | 1968 | 38 | 62 45 | 243
1858 | &8 168 . | 1996 26 | 172 | 71 11.3
1958 | 138 | 157 188% | 2.2 8.6 I 16.8
1987 | 151 23 1882 | 51 | 62 15 | 182
1958 | 149 | 119 1863 | 43 188 | 12 | 194
1965 | 154 | 133 . [ 19841 35 | 49 | 08 | 125
1960 | 149 | 129 o 1996 | 3% $2
1961 | 136 [ 126
1962 | 84 108
1963 1 101 | 112
1964 | 730 | 138
1965 | 121 | 144
1968 | 133 | 108
1967 | 110§ 111
1968 | 115 [ 128
1069 | 160 | 168
1970 | 180 227

Al -85



CHAPTER VlII - STOCK AND RECRUITMENT Exarcise 1. Shad

SHAD
Yoar 3 A
1940 212 183
1941 204 188
1542 237 158
1943 224 138
1544 200 113
1948 12 a3
1948 10 103
1547 75 129
1048 - 114
1949 7] 97
1080 [ B0
1984 8 _ 58
1082 120 128
1963 74 183
1954 77 188
1958 50 188"
T06€. '] 187 .
1957 181 123
1668 149 1%
196§ 154 133
1960 148 139
1961 138 =i
1962 B4 108 -
1983 101 (5P 2
1064 EE] 138
1565 121 144
1968 733 10
1967 110. 13
1968 118 128
1989 180 168
1970 180 T

@i

18940 1845 1950 1955 1960 1965 1970




CHAPTER VIl - STOCK AND RECRUITMENT

{b) Beverton-Holt Model

Linear —
Yoar 5 R (SR
1940 212 193 1.098
1941 2R4 188 1.511
1942 Pt 158 1.519
1943 229 135 1.6946
1944 200 113 1.370
1945 123 83 1.482
1948 101 103 0.881
1947 75 129 0.581
1948 88 114 0.754
1949 75 97 a.173
1950 ] 80 0813
19514 88 a5 1.047
1952 120 128 0.938
1953 T4 183 0.454
1954 7 180 0.464
1955 59 183 0.349
1956 138 157 0.879
1957 151 123 1.228
1958 148 119 1.252
1859 154 133 1.158
1960 140 129 1.158
1961 135 125 1.080
1982 B4 108 0.800
1963 1M 112 0.902
19684 130 138 0.942
1965 121 144 0.840
1968 133 109 1.220
1967 110 111 0.991
1968 115 128 0.898
1968 160 168 0.952
1970 180 227 0.705
hers are 2 methods to calculate the siops and y-intercapt
(1) Go to Tools, Data Analysis, Regreasion, salect tha input and|
output rangee, then click O The two numbers that are important
Jars the X variable 1 which is the siape and intercept which is the
|y -intercept.
(2) Selact the data ssriss on the graph, right click, and chocas
IAdd Trandling. Chooss “linear” for the Typse. In the Options

{tab, click "display equetion on chart”

| 2.0 -
! 1.8 1 -
: 1.6 1
1.4 -
1.2 4
5 10 -
0.8 y = 0.005x +0,3507
06 . hd R*=0.8154
0.4 o ::;::.j"?
0.2 4
0.0 v ’ . . .-
0 50 100 150 200 250 300 ,
s i

Exercise 1 - tihad



CHAPTER VIl - STOCK AND RECRUITMENT

From Tools, Data Analysis, Regression:

Exerclse 1- 5 ad

SUMMARY OUTPUT
Regression Statistics
[Murtle R 0.784506048
R Square 0.815449739
lAdjusted R Square 0.602189385
Standard Error 0.218433911
Observationa Kyl
ANOVA _
o S3 ™S, F Sonicarce P
I'Roqrmion T 2214509774 2.214508774 46.412768 1.7613E-0T
Residual 29 1.383887828 0.047713373
Total 30 35981978
Coefficisnis _ Standang Emmor___( Stat Pvaloe _Lowsr 98%  Upper 03% _ Lower 050X _ Upper 95.. % |
Iﬁ-umm 0.350082248  0.104086614 3 368234852 0.00214587 U0.1378111 0.50367339 0.137811103 058357 13
X Varlable 1 0.004370085 0.000720665 8.812691759 1.76813E-07 0.00347868 0006463319  0.003478651 o,ooem:él
Nonslingar - _
Befors Solver After Sohver o run Sotver, go 15 Toolke,
Yaar s Rom R prat (Row R R (R a~R oras)” [BOIVRY.
1840 212 193 150 260 1824998  150.400 T814.743
1941 284 188 160.309 762.302 158,673 986.901 the target cail, select the = Jm
1942 237 158 154.327 2.708 153.027 8.837 square residuais (SSR)
1543 220 138 153,106 327.812 152.240 297.202
1844 200 113 148.071 1230001  140.848 1292.097 |Select "Min® for the Equal To:!
1845 123 83 127,369 1968,508 134555  2657.599
1946 101 103 118.032 225.082 127.581 504.212 [Selectthe @ and 7 as the
1947 75 129 103.348 558.000 115,934 170.713  |By Changing Cails
1948 sa 114 110.158 14.764 121.443 55383
1349 75 97 102.348 40.303 116.934 358,507 |t ls important to note that the 7
980 65 30 98,197 262.328 109.937 596.198 [end 7 fo be changed must be
954 89 Bs 111,881 720.987 122.783 1427.584 |[the same o and £ that are in he
‘082 120 128 126.223 3.158 133.716 22874 Holt equation in the
1953 74 1683 102.878 3838748  115.381 2267.538 Ry, cOlumn and the SSR
1954 7 188 104.682 72322 117.012  2399.820 must aiso be relatad o
1958 -] 1889 91.374 8025.842 105,783 31998.871 same Rﬂ column.
1956 138 187 132,603 588.211 138.328 348.830
1957 151 123 136565 184.011 141,122 320405
1958 149 119 135,988 288.529 140.717 471.827
1059 154 133 137.414 19.484 141.714 75.931
1960 148 120 135.986 48.808 140.747 137.288
1961 135 125 131.817 43.790 137.828 150.387
1982 B4 108 108,992 15.938 120.513 240,656
1983 101 112 118.032 36.335 127,581 242.759
1984 130 138 120.909 65,463 136,398 2,556
1968 121 144 126.008 302.458 133.909 100.020
1968 133 109 130.544 481.547 137.143 792.003
1987 110 11 122427 123.813 130.879 387.208
1968 115 128 124.230 14,211 132,248 18.028
1989 160 168 139,048 338,348 142,548 832.792
1970 160 227 135.048 TTAS5.942  142.045 7082123
SSR: 32262.934 SSR:  30270.876




CHAPTER VIl - STOCK AND RECRUITMENT

) r] ATer Sofver |
a 0.005 0.00558882
A 08.3507 0.228406803
250 4
200 4 .
.
-*
* Py
150 4 - .
@ . . )‘
* o0 P L ]
100 1 . * .
v * .
50 4
a T v T Y T
o} 50 100 150 200 250
s
@ plot tha Beverion-Holl model, create & Genea o 5 R
siock (5) and solve for R using the Beverion-Holt [i] [a]
equation and the parameter vaiuas cotained from 10 35.0784882
Sotver. 20 58.8952293
i+ 75.8788553
a 0.00558602 40 88.479865T7
J.] 0.229406803 50 98.474088
80 106 483252
70 113.070248
80 . 118.582014
90 123.216683
100 127 212097
110 13067308
120 133.715808
130 136.38797M1
140 138.784037
150 140.920528
180 142. 544851
170 144 586576
180 148.171009
160 147.818387
200 148.8945755
210 150,167 445
220 151200604
230 152.340548
240 153. 311185
250 154215159
280 155.05911
270 155.048824
280 158.588387
250 157.2858193
300 157 840233

A -R9

Exercise 1« Shad



CHAPTER VIl - STOCK AND RECRUITMENT

{c) Ricker Model

Linear
Year S5 R In(%)
1940 212 193 0.084
1941 284 188 0413
1042 237 158 0.418
1943 229 135 -0.528
1344 200 113 0.571
1945 123 83 0.393
1948 101 103 0.020
1947 75 129 0.542
1948 86 114 G.262
1948 75 a7 0.257
1950 a5 a0 0.208
1951 a9 85 3048
1952 120 128 0.085
1953 T4 183 0.790
1954 v 188 0.768
1955 59 189 1.052
1958 138 157 L0129
1957 151 123 Q208
1958 148 118 0.225
1953 154 133 0.147
1960 149 129 O.144
1961 135 128 0.077
1982 B4 108 0223
1983 104 112 0103
1964 130 138 0.060
1985 121 144 0.174
1966 133 1089 0.198
1987 110 AR 0.009
1968 115 128 0.107
1969 1680 188 0.049
1979 160 227 0.350
There are 2 rethods to calculate the siope and ¥ -intercept
(1} Go to Tools, Data Anatysis, Regression, select the input andg
output ranges, then click OK. Tha two numberns that are important
are the X vanabie { which ia the slope and intercept which la the
-intercept.
(2) Selact the data serias on the graph, right ciick, and chooss
Add Trendline. Chooss "linesr” for the Typse. in the Options
tab, click "display squation on chart.”

12 4
1.0 4
08 4 »
: 08 4 .
0.4 4 .
0.2 4 *

y = D.0051x +0.7302
R’ = 05407

a=2.0758
A = 0.0081

¢0 y
0.2 1 50
044
06 -
0.8 4
.40 4

In{R/S )
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CHAPTER VIi - 3STOCK AND RECRUITMENT Exercise 1. !had

From Tools, Data Anaiywis, Regression:
SUMMARY QUTPUT

55 ™S F Signiicance
Regression 1 2.335379092 2335379992 35.0046642 1.BB0IE-00
Res|dual 28 1920507128 0.086224384
Total 30 425588712
Cosficients _ Standard Eror___ totat____ P-vaius . Lower 0% _ Upper 06% _ Lower 95.0%  Upper 5° 0% |
Intercapt 0.730221481 0.122820344 50548498 1. A03E-08 Q47042729 0.9810206312 04742220 (.8810;0832
Varfabla 1 0.005104843 0.000650632 593840502 1.8663E08  -0.006863  -0.0033487  -0.008862080 -0.00334658
Non-linear _ —
Bafore Solver After Sciver 5 run Sotver, go o Tools, .
Yoar s R e Romt  (RoamPRued  Foma (R [Sotver.
19405 212 193 149.085 1927.684 155.810 1397.993
1941 284 188 138299 2470159  149.008 1520.374 the targst ceil, select tha sum
1942 237 158 148.708 86.370 154818 1.97 square residuala (SSR)
1943 229 135 147 683 160.358 155.278 411.202
1944 200 113 14D 541 1335240 1552851 1785.140 |Selsct "Min" for the Equal To:
1945 123 a3 138253 2835833 136.724 888,312
1948 10t 103 125,180 491.983 124,300 457902 [Selectthe a and 4 as the
1947 75 128 108148 522158  104.282 810.977 Changing Cella
1948 88 114 115.071 1.148 113,508 0.162
1949 75 a7 106.148 83.709 104282 53028  [itls imponant  rote that ihe &
1950 65 80 98.814 282.718 94.602 215.854 [and 5 to be changed must t.e
1951 89 85 117278 10417158 115.927 956.505 same o and  that are i1 the
1952 120 128 134.981 48.731 135,269 52.538 |Ricker aquation in the R
1953 74 183 105270 3332.757 103.373 A555 435 Joolumn and the SSR sajected
1954 77 168 1076873 3378758 106080 3591710 jmustaiso be related Lo the rame
1955 59 189 93,811 6144 870 88,380 G487 988 E“ column. —
1956 134 157 141,600 237457 142.038 198.017
1087 151 123 144 991 483500  147.304 580,889
1958 149 119 144539 B52.217  148.715 768.097
1959 154 13 145.824 154,358 148.143 2290.18
1960 140 129 144 539 241448 140715 313,808
1981 135 125 140,880 248221 141.897 285,505
1962 B4 106 113.548 73.080 111.998 48939
1963 109 12 125,100 172713 124,390 153.727
1964 130 132 138.052 0.908 1368.588 3477
19658 124 144 135413 71.744 135,761 67.973
1988 133 109 139.9688 960,581 141.108 1030.703
1967 110 114 130.213 388127 129.15 357.792
1968 118 128 132.704 22.007 132.801 22.001
1969 180 188 146.734 452249  145.568 338,048
1670 160 227 148734  B4420656 145,888  5060.188
SSR: 34731501 S8R MATT.458
F“XNac Sofver |
a 2 075540209 | 1.072580449
¥ .005104843 | 0.004683087

Ad-H



CHAPTER VIl - STOCK AND RECRUITMENT Exsrcise 1- Shad

250 -
»
200 4
¢ .
* P . * R
150 + - o —
& . . )‘ *
* * L J
100 4 s ¢ .
. * *
50 - .
o £ v ' v T t !
0 50 100 15C 200 250 300
i s
[To plot the Ricker moded, create a saries of stock g 00§00
(5} and soive for A ueing the Ricker squation and 10 15827
the parameier values obtained from Solver. 20 185,930
k) 51,452
! ] 1.972580449 40 85477
B 0.004883087 50 78117
80 89.470
70 99.620
a0 108.871
30 116.888
100 123.743
110 126.815
120 135.268Q
130 139.865
140 143.781
150 147.012
160 149,668
170 151.778
180 153.384
190 154.529
200 155,251
290 155.587
220 155.580
2% 155.231
240 154,600
250 153.704
260 182,570
270 151.219
280 149,678
290 147 968
300 148.087




CHAPTER Vil - STOCK AND RECRUITMENT Exercise 1 - S1ad

BEVERTON-HOLT

‘Microsoft Excel 8.0a Answer Report
Workshaet: [Chapter 10 - Stock Recruitment Exercises.xIs}SHAD
Report Created: 4/5/00 11:52:01 AM

Target Call (Min)
Cell Name Original Value Final Vaiue

SH$145 SSR 32262.934 30270.676

Adjustable Cells

Cell Name OrLgri_nal Value Final Value
$D%$148 ¢ After Solver 0.005 0.00556682
$D%$149 7 After Solver 0.3507 0.229406803

Constraints
NONE



CHAPTER Viil - STOCK AND RECRUITMENT

RICKER

Microsoft Excel 8.0a Answer Report

Worksheat: [Chapter 10 - Stock Recruitment Exercises.x|s]SHAD

Report Created: 4/5/00 11:52:01 AM

Target Cell (Min)

Csll Name Oﬁgjnal !alue Final Value
$H%299 SSR 34731.591 34377.959
Adjustable Cells
Ceil Name Original Value Final Value
$D$302 « After Solver  2.075540209 1.972580449

§D3$303 7 After Soiver  0.005104843 0.004663087

Constraints
NONE

Exearcise 1 - Shad



CHAPTER Vil - STOCK AND RECRUITMENT Exarciss 1 - §simon

SALMON
Your S .3
1921 %) 449
1922 40 228
1923 70 198
1924 104 a1
1926 162 161
1920 253 748
1827 7 62
1928 109 263
1929 80 159
1830 108 17
1934 87 258
1932 74 254
1933} 97 219
1924 145 129
1938 88 128
238 137 138
337 126 133
138 Fa) 5
1938 71 183
1540 58 [ ¥
1941 Ex) 57
1942 ) & :
1543 R 150
1944 7 114
1548 ) 128
1948 44 &2
1047 43 Fil
1648 TS a1
) — e
300 4 - 500
—— Stock - 450
250 4 —i— Recruitment - 200 :
200 4 - 3%0
- 300
|
! 3 150 4 L 250
@ I
=
100 - 15
; :
i 50 4 T 100
- 50 IJ
i 0 . ’ - .0 :
1820 19235 1830 1935 1540 15435 1850
I Year

A3 - 98



CHAPTER VIll - STOCK ANG RECRUITMENT

{b) Beverton-Hoit Model

Linsar
Year 5 R SR
1921 150 449 0.334
18922 40 28 0.175%
1923 70 198 0.352
1924 108 a8 1.308
1925 162 181 1.008
1928 253 146 1733
1927 B7 182 0.537
1928 109 263 0414
1929 20 159 o.568
1930 109 117 0.932
193t 87 258 0.337
1932 74 254 0.291
1933 ar 219 0.443
1934 145 128 1.1514
1935 88 12% 0.704
1938 137 135 1.015
1937 128 133 0.947
1938 123 159 0774
1938 b4 183 0.388°
1940 a8 a8 1.023
1941 3 57 1.832
1942 B3 ] 0913
1343 92 150 0.813
1944 It 114 0.875
1945 88 128 0.524
1948 44 B2 0.5837
1947 48 77 0.823
1948 75 a1 0.926
[Thare are 2 methods to calculate the slops and y-intercapt:
(1) Go to Tools, Duta Analysis, Regression, sslact the input
and output ranges, then click OK. Tha two numbers that are
important ars the X vanable 1 which is tha siope and intercept
which is the y-intarcept.
(2) Seisct the data senes o the graph, rignt dick, and choose
|AM Trendline. Chooses Tinsar” for the Type. In the Options
tab, click "display squation on chart.*

-

18 4 .
18 1 i
14 4
12
K104
L
08 1
y = 0.0053x + 0.2200
0.8 R¥ = 0.3454
'r 04 a= 0.0053
‘. hd hd f=02203
0.2 -
oo + T T
0 50 100 150 200 250
s

Al .96
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CHAPTER Vit - STOCK AND RECRUITMENT

From Tools, Dxta Anatysis, Regression:

Exercise 1 - 3aimon

SUMMARY QUTPUT
R Statistics
Multipla R 0.587883688
R Square 0.345372001
justed R Square  0.320154004
Standard Error 0.323425038
Obsarvations 28
ANOVA
B o S8 W F F
Ragression 1 1434872582 1.43487258 13.7172'89 0.001007561
Residust 28 2719657588 0.1048037%
Total 27 4,154570188
ConTichms__ STANdard Emar ¢ GEat Pvakie Lower 93% _ Uoper 8% Lower 05.0% 7S 0% |
Imtercept 0.220273581 01544277584 1.42638568 0.18588527 0097157472 Q.537TO4STS 0.09T157472 0.5377 04575
X Yariable 1 0.005309332  0.00143353 170387641 0.00100758  0.002382008 0.008255047 0.002362088 0.0082553897
MNoo-linear -
Before Solver Aftar Sotver 70 rin Sofver, go 10 Tools,
Year 5 R Roms  (RanRomal' Ry (RoswRomal’ [Sotver.
1921 150 449 180.078 893545‘7_2 178.087 73393.911
1922 40 228 92.454 18372.874 118.308 12455.470 the target cad, sefect the siim
1923 70 199 118.258 a519.291 145941 2015225  [of squars residuals (SSR)
1924 108 81 135.368 2955.853 184,808 T038.3719
1925 162 181 149.947 122180 180.508 308.757  |Seisct "Win" for the Equal To
1924 253 148 181.813 250.047 183250 2732.580
1927 ar 182 127 .531 1188.080 158.278 32.760 Salect the o and 4 as the
1928 we 283 138.422  18021.96%  186.049 9399.467 |By Changing Cats
1929 90 159 128918 904 874 157 810 1415
1930 109 117 138.422 3rr2is 168.040 2405819
193 ar 253 127.531 17022.079 150,276 10347 .60+ |1t is important to nole tha! the «r and
1932 74 254 120.885 17772763 148681 11098.310 |4 to b changed must be the same
1833 97 219 131.923 7582445 181.120 3350.104 |, ang § that are i the Bavartin-
1934 148 128 148448 4180338 176811 2561.048 [ aquaton in the R ., colur 1
1838 8 125 128.001 9.008 156.798 1010.982 o1 ing SSR selectsd must aisa be
1938 137 135 144 558 91.544 174 888 1581.081 |related to the same R“ colunin. |
1837 128 133 141.083 75.560 171.78% 1503.544
1938 123 159 140.842 29720 170.858 140,822
1939 71 183 118.881 4111.25¢ 148.840 1322.026
1940 a8 8 128.001 1764.082 158.768 5012.008
1944 -x ] 5T 130.245 5384.704 159273 10459.718
1542 83 59 113.582 1885.801 140.552 5134.047
1943 292 150 129.809 407.885 158.793 Tras
1944 7 114 122.30% 70.537 150,574 1337.689
1945 [-.] 126 118.0580 War.1 143.008 289270
1948 44 ] 20941 23905 1216819 1589.538
1947 48 17 101.027 577287 126343 2434714
1948 75 a1 121.200 1821377 148.210 4568 288
SSR:  197124.40 SSR: 174087170

Ad-97



CHAFTER VIl - STOCK AND RECRUITMENT

Exercise 1 - Saimun

ore r
a C 005308332 0.004533007
] 0 220273557| 0.1623343
! 500 -
‘ 450 - * — NOTE: On this graph, the year 1921 n
: 400 ¢ Obsannd (130, 449) appears 10 be an outlier, 1 this
data not n ahalysis,
380 Predicted (outiers muI::‘: i::l a-uwmu be: e
200 - ! mclut.:!edj 7 Da! Tg—“ m:
. « | Pradicted {no outiiers) @ 0.00605843 0.00644445¢ |
L w280, . . 017276777 | 0.03250419%
| 200 4 4 {linear) 0.4447 j
4 - counu NI E g
150 T e oo, »
100 .« 0% 0
50 < *
0 T T T v v
¢ 50 100 150 200 250 300
s
3 phot verton-HoR MOde, creals a seres 3 -3 R (N0 cutlers}]
stock (5) and solve for R using the Baverton-Holt 0 0 0
#quation and the parameter valuea cbitained from 10 48 1548114 | 102 8290545
Sobrer. 20 79.0531006 1 123.8009179
n 100.581811 | 132.6823924
a 2.004533007 40 116.395922 | 137.86545207
Y] 0.162334350 | %0 128.539753 | 140.8343198
80 138.148044 | 143.0370702
70 145041300 ] 144.8531209
80 152.380226 | 145.8083284
80 157.810291 | 148885542
100 182.433887 | 147.83596818
114 188.423206 | 148.3090252
120 189.900623 | 148.8578728
130 172.95852 | 148.3250856
140 175.688558 | 145.7280854
150 178.088805 | 150.0791088
180 180.258227 | 150.3878035
170 192.2185587 ] 150.8800618
180 183.807217| 150.9045827
190 185618342 | 151.1233373
200 187401974 ] 1513207503
210 188404892 | 151.4098071
20 188.721258 | 151.5629541
230 190883087 | 15t.0122218
240 191.960871 | 151.9483004
250 192.96285 | 152.07568471
260 193.00727 | 152 1924541
i) 194.77058 | 1523007680
2800 195.560584 | 152401488
200 196.358375 | 152.495375
300 197.078435 ¢ 152.5831101

Al -98



CHAPTER VIl - STOCK AND RECRUITMENT Exercisae 1 - 3almon

ic) Ricker Model

Linear
Year 3 R In(ﬂ)
1921 150 449 1.008
1922 40 28 1.740
1923 TG 199 1.045
1924 108 81 -0.268
1925 182 184 <0.008
1920 53 148 -0.550
1927 a7 162 0822
1928 108 263 0.8
1926 90 159 0.569
1930 108 "t 007
1931 BY 258 1087
1932 74 254 1233
1933 87 219 0.814
1934 148 128 0.140
1935 88 125 0.351
1938 137 135 £.015
1937 128 133 0.054
1938 123 158 0.257
1939 71 183 0.047
1840 a8 88 -0.023
1941 93 57 =0.490
1042 83 [} 0.001 -
1943 92 150 0.480
1944 7 114 0.392
1945 5] 128 0.647
1946 44 a2 0623
1947 48 7 0473
1948 75 51 0.077
There are 2 mathods to catculate the slope and y -intercept:
{1) Go to Toolw, Data Analysis, Regression, select the Input
and output rangas, than click OK. Tha two numbens that s
important are the X varable 1 which is the siops and intsrcept
which |a the y-intarcept.
{2) Select the date series on the graph, nght cick, and chocse
Add Trenditne. Chooss "inear” for the Type. in the Options
tab, click "display equation on chart.”

2.0
L 4
¥ = -1.0088x + 1.0823
1.5 4 R = 0.271%
10 - a=29618
A =0.0068

s 0.5 4
E

a.0 ™ J

250 300
054 .
_1_0..
5




CHAPTER VIl - STOCK AND RECRUITMENT

From Tools, Data Analysis, Regression:

Exsrcisa 1 - Saimin

UMMARY QUTPUT
i' Fagression Staiatics
Muitipia R 0.520874587
R Square 0.271102036
Adjuated R Square  0.243067448
Standard Error 0.4777088T7
Observations 28
[ANOVA, 5
o SS__MS 3 7
[Regression 1 2.20879€957 220679898 9.87028757 0.004502014
Residual 26 5933300378 022820398
Total 27 8.140087335
Coeficients__Stancard Efor T Stat sl Lower 0% 98X Lower 980N Upper 95.0%
ITﬂt.ro.pl 1.082200938 0228003875 47440000 O.G8G1E-O5 0813443387 1.551150606 0.613443387  1.551150507
X Variabbe 1 -0.008584372  0.00211738 -3.10970B6  0.00450201 -0.010936871 -0.00223207  -0.010836871  -0.002232074
Non-linear
Betore Solver After Sofver . ITorun!olnr.guloTooh. 7
Yoar S R e Romt  (RowRouwt)  Rums  (RomR el |Soiver.
1921 150 49 164,859 00713.460 185.525 69415.229
1922 40 28 90723 18544838 96.708 17230.069 |As the target cell, select the sum
1923 70 198 130.309  4718.380 140.963 3368.269 Jof square residuais (SSR)
1924 106 a1 155885  S577.788 171.415 8174.548
1928 182 181 184.562 12.685 188239 837.014 |Seisct Min" for the Equal To:
1928 253 148 141.168 23,370 167.050 443 497
1927 a7 182 144808  295.023 157 958 18,338  [Select the @ and 4 an the
1928 109 263 158,960  11244.554 173,074 8086.885 |8y Changing Cefls
1929 90 159 148.870 147.141 160,445 2.088
1930 109 117 156.960 1568774 173.074 3144204
1931 87 258 144,808 12812511 157.956 10008.423 (" is important to note that the « ar
1932 T4 254 134.175  14357.908 145,430 11787.401 |8 to ba changed must be the samy
1933 97 219 151,163 4001.834 188,703 2840.518 | and 2 that sre in the Ricker
1934 145 126 164.737  1500.561 184 888 3487.840 I 1 R g coOIUMN andt
1935 88 128 145510 420842 158.803 1142839 55R selected must alsc be
1938 137 138 154066 844843 183414 2343.800 |retated 16 the sama R . column. |
1937 1268 133 162227 854.201 180.381 2244337
1938 123 158 181.523 8.387 179.334 413.488
1939 71 183 131,304 2672509 142.108 872,120
10840 &8 ] 145510 3541387 158,803 5300.208
1841 ] 74 148797 8420729 162.790 11191524
1942 63 ~ 122,810 2895532 132.398 4018.935
1043 2 150 148,170 3.350 182.024 144 572
1944 7 114 136.884  523.681 148.585 1198122
1045 66 120 126,142 0.020 138.187 103,784
1948 FPy a2 97202 231.009 103.815 478914
1847 43 44 103282 69075 119,528 1124014
1948 7% at 135006 2926389 140.500 4290.204
SSR: 180485.318 SSR: 174297.074
a 2051451073 | 3.084912383
¥ 0000584 | 0. 136

Ad- 100



CHAPTER VIl - STOCK AND RECRUITMENT

Exarciss 1+ $umon

.
\ - S
| 500 & Observed ’ NOTE: On this graph, the year 1921
‘ 450 4 * {150, 449) appears to ba an outller. if thin
400 Predicted {outliars data point is not used In the analyzis, the
included) resuils of the Ricker solution would be:
' vO Predicted (no outliers) | Befors Solvar | Afler Soiver
i 300 i a 3.1645801¢ 3.72025(857
; . o ] 0.00768518 0 00887 664
; o 250 4 . . {linsar) 0.3708
*
200 4 1
150 + T .
> *
100 A Lo e ‘
50 * |
' o r ' r v . . !
0 50 100 150 200 250 300
! s
L s S
Ta plet the Ricker model, create 8 seres of stock g ] E_DO ("g gg;w
(S) and solve for R using the Ricker stuation and 10 290‘2! 34186
[the parameter values cbtained from Sobver. 20 54.820 82 892
30 77.088 86 226
a 3.084912383 40 94.708 105.417
I 0.006093138 50 13737 120.825
80 128.417 132.945
0 140,963 142218
a0 151578 149.032
a0 180 448 153.733
100 187.734 158.628
110 173.801 157.978
120 178.188 158,020
130 181.628 156.987
140 184.038 154,909
150 185,528 152.275
1680 188,198 148.933
170 188.138 145,008
180 185.437 140.888
190 184.189 138,342
200 182.402 131.598
210 180201 128.897
20 1Tr.e3 11704
230 174719 118.688
240 171.539 111828
250 188.124 108.8417
280 164.513 101.671
270 180.742 24.810
280 150.841 92.050
280 152 840 47 423
300 148,765 82,925
Al-100



CHAPTER Vill - STOCK AND RECRUITMENT Exercise 1 - Saimon

Microsoft Excel 8.0 Answer Report
Worksheet: [Chapter 8 - Stock Recruitment Exercises.x/s]SALMON
Report Created: 5/12/00 1:11:30 PM

Target Cell (Min)

Cell Name Originat Value Final Value
$H$220 SSR 197124395  174097.170

Adjustable Cells .
Cell Name Criginal Valus Final Value
$D$223 ¢ After Solver  0.005309332  0.00453301
$D$224 [ After Solver 0.220273551 (0.16233436

Constraints
NONE

A3 - 102



CHAPTER VIII - STOCK AND RECRUITMENT Exercise 1 - Salmon

Microsoft Excsl B.0 Answer Report
Worksheet: [Chapter 8 - Stock Recruitment Exarcises.x|s]SALMON
-Report Created: 5/12/00 1:34:22 PM

Target Cell (Min)
Cell Name Original Value Final Value
$H3406 SSR 180485.316  174297.074

Adjustable Cells
Cell Name Original Value Final Value
$0$409 o« After Soiver  2.951451073 3,084912383
$D$410 J After Solver 0.006584 0.006093136

Constraints
NONE

A3 - 103



CHAPTER VHI - STOCK AND RECRUITMENT Exarciss 1 - Yeilowiail Flour: fer

YELLOWTAIL FLOUNDER

Yasr 3 R
1678 25.5 50.3
1977 18.0 57.1
1978 11, 20.1
1978 13 4,
1980 2 50.5
1981 Xi 24.
1962 174 23,
1943 29 58.2
1984 2.4 20.4
1985 8.4 7.4
1988 14 g4
1987 3.3 17.3
1984 27 8.3
1688 3.8 83
1990 2, 173
15411 2.5 8.8
1982 5. 8.2
18993 4. 18.8
1604 3.t 49
1695 3.7 52
[Q) - e o e S e e _ ;
30 -
—— Stock
25 4 —8— Recruitment \ :
20 4
3 15 4
] {' :
10 4 )
£ J
o]
1975 1980 1985 1980 1995
Year
i
(b) Beverton-Hoit Moded
Linear
Year 5 R o7%)
1878 255 50.3 0.507
1677 . 13.0 571 0.318
1578 IRAE:] 204 0.592
1978 13.5 14.4 0.957
1980 92 50.5 0.182
1981 8.7 208 0.250
1982 118 2328 0.48T7
1983 12.9 582 0.220
1984 12.4 20.4 0.808
1985 18.4 74 2214
1508 11.4 9.4 1213
1987 a3 173 0.191
1948 27 83 0.429
1989 38 62 0.813
1960 28 17.2 0.151
1991 22 8.8 0.333
1992 5.1 82 .23
1993 4.3 14.8 0.258
1904 35 4.9 0.7T14
1995 3.7 52 0.712

AY-104



CHAPTER VHi - STOCK AND RECRUITMENT

important are the X varisble 1 which
which is the y -intarcept,

Trendline. Chooss "insar” for

[TRers are 2 methods to calcuiate e slope and y -intercept:

(1) Go to Tools, Data Analysis, Regression, saiect the input
and output ranges. then click OK. Tha two numbers. that o

(2) Select the data series on the graph, right click, and chaose

tab. click "display equation on chart.”

is the slope and intercept

the Type. In the Optiona

Exwscciss 1 - Yellowtail Fl sunder

| 2.5 4
. [
! 2.0 4 ¥ =0.0229x +0.3818
i A= 0083
‘ 1.5 4 & =0.0229 i
‘ A 03818 .
5 '
. 1.0 4 .
‘ .
®
*
0.5 4 - .
1 » L ]
i ot t e e i
| 0.0 v v T T 3 !
; U 5 10 15 20 25 a0 i
| $
L. . . - —
From Tools, Deta Analysis, Regression:
UM [+]
e Statistics .

Multiple R 0.30454809
R Squere 0.092993048

ustad R Square  0.042804722
Standard Error 0.488178831
Obssrvations 20
ANOVA .

of 35 Ma I nce =
Regression 1 040106833 0401088334 164551258 0.191088215
Residusi 18 3.81177508 0.21732083a8
Total 19 431284242
s E 7500 Pvaie _ Lower 058 Upper 06K Lower 08.0%

fmtercept 0.381833703 0.18487982 2087543140 0.05338807 -0.000184711 C.768832117 -0.006164711
Izvmabl. 1 0.022922095 0.01687314 1.358496431 0.19108922 -0.012527078 0.058371268 -0.012527076

A3 - 108



CHAPTER VIl - $TOCK AND RECRUITMENT

Exercise 1 - Yellowtall Flour jer

"Bafors Salver Altar Sotver To run Solwer, go Io Tools, ]
Yaar 5 R on R o (R ot R el R e (R otm"R o)’ |Boiver
1978 5.5 50,3 29.139 447.778 45.881 19.528
1977 18.0 57.4 26.792 918.554 37.041 402,348  |As the target cell, select the sum
1978 11.9 201 23.494 1.52 27.730 58.218  Jof squars residusis (SSR)
1978 135 14.1 24,551 109.230 30.403 265788
1980 2.2 50.5 2123 858 885 22.773 788.808  |Select "Min" for the Equal To:
1984 8.7 208 18.328 71780 17.590 84.808
1982 18 218 23.278 0.273 27.208 11.815  [Seiect the o and 4 aa the
1983 129 50.2 24,178 1025 588 20422 747.087 |y Changing Cslie
1984 124 204 23844 11,858 28.585 60,905
1088 18.4 T4 26.096 340 510 34.818 751.850  [itin important to note that the o
19686 11.4 9.4 23.120 188.402 26.858 304.725 [and 4 o be changed must ba
1987 33 17.3 12.069 27.358 9.454 81.558 @ same a and 4 that ars in the
1968 27 8.3 10.500 17.838 7681 2437  [Beverton-Holt equation in the
1989 a8 8.2 13.242 49.588 10.743 20842  |R ., colurn end the S5R
1990 28 17.2 10.218 48,743 7.591 92341 {seiectsd muat aiso be related to
1991 22 8.8 9.091 5910 6.493
1992 5.1 82 15.829 82709 13.942
1993 43 18.8 14309 8207 11909
1954 a5 49 12.552 58,555 9.974
1995 a7 52 13.018 61.065 10,488
SSR: 4358.970 SSR;
[“Alter Sohver|
) 0.022022006 | 0.00931243
3 0.387833703 | 0.31831886 |
60 4 : - —
; - . N : graph, the ysars 1978,
! . 1977, 1980, and 1953 appear to be
' S0 A * e Cbserved outers. ¥ these polnts are not used
. In the analysts. the results of the B-H
[ 40 4 | ) scdution would be:
: —Pradicted I Afer Solver |
& 30 4 i ) = 0.0721 0.05075
. - . Pradicied 0.1379 0.13843
20 - - {no outiiers)| {linear} 0.4881
ey R AL .
- L ]
10 ;
1 ] . ‘ . * [ ]
1
O T T T ¥ L ¥
0 5 10 15 20 25 30 |
S
L ]
3 R TR o odders))
0 0 0
1 3.05221302 1 5.285671033
2 583571388 | 8. 115784598
2 8.88411233 | 10.320827490
a 0.009312433 4 112495956 [ 1171543218
5 0.3181186 s 137031068 | 12.74924779
é 16.0344978 | 13.54815854
7 1825208565 | 1417922841
8 20.3858823 | 14.6042074
9 223007948 | 15.12147508
10 243047074 | 15.48188373
11 201434577 | 157801715
12 27.9025778 | 18.05501819
13 20.5871302 | 18287085308
14 312017584 | 18.40134793
15 I27S0T2T5| 10.6725047
18 342379620 | 18.83448544
17 356670823 | 16.07904384
18 37.0414277 | 17.11140478
19 38.3840808 | 17.23074891
20 39.8379287 | 17.33958714
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CHAPTER Vil - STOCK AND RECRUITMENT

{c} Ricker Model

Linsar

Yaar 3 R iﬂm_

1978 255 50.3 0.879

1977 18.0 571 1.154

1978 11.9 201 0.524

1979 13.5 14.1 0.043

1980 9.2 50.5 1.703

1981 8.7 288 1.388

1582 118 238 0.71%

1983 128 56.2 1.472

1984 124 20.4 0.408

1085 16.4 74 0,798

1008 11.4 9.4 .193

1987 33 17.3 1.857

1968 27 8.3 0.047

1988 38 82 0.490

1990 28 17.2 1.689

1991 22 .Y ] 1.099

1982 5.1 82 0.198

1993 4] 18.8 1.383

1954 kX-] 49 0328

1395 3.7 5.2 0,340
Therw are 2 mathods o calculats the slope and y -intercept
(1) Go to Tocts, Data Anatysis, Regraasion, seiect the input and output ranges, then click
QK. The two numbess that ars important are the X variaive t which is the slops and interoept
[which is tha y-intercept.
(2} Select the data seres on the graph, right click, and chocse Add Trendiing. Choose
[linaar~ for the Type. In the Options tab, click "display equation on chart*

i

2.5 «
¥ = 0.0325¢ + 1.0843
2.04 . R? = 0.0878
Y L ]
15 . a = 2.8908
. @ B =0.0325

g 1.0 4
Z o5

0.0 \

[ 30
-5 -
*
10

A3 -107
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CHAPTER V1l - STOCK AND RECRUITMENT Exercise 1 - Yellowtall Floundir

From Tocls, Dats Analysis, Regression:
SUM Y PUT

Statistics
Multipie R 0.295667137
R Square 0.087855118
Adjuated R Square  0.035883723
Standarg Error 0.583558782
Qbservations 20
JANCVA
i WS 7 Sonlcanca
Regression 1 080799231 0.B070UZ307 172721004 OSDE288719
Resicdual 18 9.42030258 0487700588
Total 19 922838460
Coalicients Sanderd Eroe{ Sial P-vaiow _ Lower 96% _ Upper 08%  Lower S8.0%  Upper 05,00 )
Iintwupl 1.084277919 0.Z7095009 3.927650812 0.00098625 0405010487 1.630505572 0.495010487  1.633535572
X Variable 1 -0.032534844  0.02475569 -1.314237018  0.20528872 -0.0B4544858 0.019474871 0084544858  0.019474871
Non-linesr
‘Befors Solver After Sohver O run Sofver, g o Tools, |
Yoar 5 ™ R vt (R e o)’ Roee (R ot oran)” IIM
578 255 50.3 14,872 1255.181 8570 13812
1977 18.0 57.1 18.080 1524109 7533 382,858  |Aa the targel cedl, salect the sum
1978 "e 20.1 18.582 2384 27839 568358  fof square residuals (SSR)
1979 133 14,1 18757 21,604 30.481 268.328
1980 5.2 505 17.448 1092.5668 22412 788,911
1981 87 250 15224 134,008 17.080 S4.876  |Select *Min® for the Equal To:
1982 18 238 18.491 28.182 27.085 10.794 1
1983 129 582 18718 1404909 29.437 718284 -
1984 12.4 204 18,858 3.044 28.547 68.370  [Seiact the o end 7 na the
1988 10.4 74 18474 122.831 35.178 771.818 |y Changing Cells
1964 1.4 9.4 18,437 B1.674 26.713 200.728
1987 33 17.3 9.500 50.458 8.923 70.175  Jitis important to note that the
1088 a7 8.3 8164 31.500 7.378 1,183  jand J io be changed must be
1989 38 8.2 10.650 19.800 10.188 15876 [the same o and £ that ara in tha
1990 28 172 7.947 85,810 7.118 101.852 |Ricker squation in the A,
1951 22 8.8 6.622 0.104 8.088 0.286  [column and the SSR sslected
1582 51 82 13010 46,379 131,358 51.230  [must alsc be relatsd I the same
1993 43 18.8 11423 26,802 11.423 28010 R column.
1994 Y] 49 10.024 20257 9.430 20.52¢
1998 3T 52 10,445 27.507 9.934 22411
SSR:  5085.906 SSR: 782.744
x 3.6692Z2124 | 2.B6834858
5 0.072337728 | 0.01
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CHAPTER VIIt - STOCK AND RECRUITMENT

Exerciss 1 - Yellowtail F cunder

NOTE: On this graph, the years 1978,

[ 63
[ e —, 11977, 1980, and 1983 sppear to be
i * ¢ Obsarvad |{outiters. If theas points are not used
‘ 50 4 * ) it the anatysis, the resuits of the B-H
Pradrcted (outisrs ! lsolution wouid be: :
[ a0 :du'_”d} Eefore Sotver | After Sotver
. - - Pradicted (na outll ars) o 3.845 4 866206
! - B 0.0989 0.10258
& 30 4 {linear) 0.4299
. ¢ * ’
| 20 4 -
! s
- L J
10 4 > P
"y o .
0 T v v v r —_—
o] 5 10 15 20 5 30
5
® Micker mode), Craals & safles of 3 R A (o outllers
stock (S) and soive for R ueing the Rickar [3] 0.000 6.000
aguation and the paramater valuas oblained 1 2818 4208
om Sobwer, 2. 5534 7565
3 8.155 10.282
a 2.8668346553 4 10.883 12.373
Ji 0.017678719 5 13.319 13.959
8 15.487 15118
7 17.729 15.918 .
-] 19.807 16.419
a9 22.003 18.471
10 24.019 16.717
1 25 958 18.507
12 27.822 18,340
13 28.812 13877
14 31.3n 15.528
15 32981 15.016
18 34 584 14 458
17 36.080 13.882
18 37.533 13.247
19 38924 12.620
20 40,255 11.5680
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CHAPTER Vil - STOCK AND RECRUITMENT Exercise 1 - Yellowtail

Microsoft Excel 8.0 Answer Report
Worksheet: [Chapter 8 - Stock Recruitment Exercises.xis]YELLOWTAIL

Report Created: 5/12/00 2:35:15 PM

Target Ceil (Min) _
Cell Name Original Value Final Value

$H$146 SSR 5237.757 3765.090

Adjustable Cells
Cell Name Original Valus Final Value
$D3149 « After Solver  (.022922095 0.009312433
$D$150 7 After Solver  0.381833703  0.3183186

Constraints
NONE
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CHAPTER Vil - STOCK AND RECRINTMENT Exercise 1 - Yallontail

Microsoft Excal 8.0 Answer Report
Worksheet: [Chapter 8 - Stock Racruitment Exercises.xIs]YELLOWTAIL
Reaport Created: 5/15/00 10:20:25 AM

Taﬁet Cell (Min)
Celt Name Original Value Final V_aLlue
$H$293 SSR 5865.806 3782.744

Adjustable Cells
Cell Name Original Value Final Value
$D$296 o After Solver  3.689222124 2.866346553
$D$297 J After Solver  0.072337728 0.017676719

Constraints
NONE

A3 -1



CHAPTER Vil - STOCK AND RECRUITMENT

BLUE CRAB
Yaar 3 G
1956 1.6 2.8
1957 0.5 4.8
1658 0.2 0.3
1959 0 4
1960 0.3 0.5
1981 0.1 0
1962 0.2 1
1963 0.5 0.4
1964 0.2 8.8
1965 0.4 kN
1966 0.8 kR
1987 1.8 0.5
1968 3 15.2
1969 1.5 15
1970 4.7 17.8
1971 3 7A
1972 2.1 7.5
1973 0.1 4
1974 0.1 0.7
1975 0 0.7
1978 0.1 5.7
1977 0.2 5.3
1978 0.2 B.4
1979 0.4 0.7
1980 0.4 12.3
1981 0.8 9.3
1982 0.8 )
1983 0.4 10.5
1984 0.3 4.5
1985 0.2 87
1986 0.8 3.5
1987 0.4 12.7
1988 18 17.1
19689 4.5 4.3
1990 71 1.3
1391 1 6.0
1992 1.5 16.2
1993 1.2 19.4
1554 0.5 12.5
o e e B} S
(a} : 8 -3 |
—— Stock ; i
71 —8— Recrutment - 28
& 4
5 20 o
= 15E :
XA g |
I * 10s 5
Lo, !
14 I
0 4 v ™ + O
. 1955 1960 1965 1970 1975 1960 1985 1990 1995
' Yanr !
. e

A3- 112
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CHAPTER Vil - STOCK AND RECRUITMENT Exsrcise 1 - Dlue Crab

(b} Beverton-Hott Model

Linsar _

Youar S R (SR}

1958 18 28 0.5M

1987 0.5 48 Q0.104

1958 0.2 0.3 0.687

1954 0 4 0.00C

1960 03 s 0.600

1861 0.1 o] 0.000

1962 02 1 0.200

1963 05 04 1.250

1964 02 88 0.023

1965 04 a7 0.108

1968 08 an 0.258

1967 1.8 05 3.200

19688 3 15.2 o197

1986 1.5 1.5 1.000

18970 47 17.8 0264

1971 3 T 0.423

1972 21 75 0.280

1973 0.1 4 0.025

1974 01 07 0.143

1975 0 07 2.000

1978 0.4 57 0.018

1977 0.2 8.3 0.032

1978 6.2 84 0.03¢

1878 o4 a7 3.571

1980 0.4 12.3 0.033

1981 0.8 9.3 0.085

1982 08 5 0,120

1963 0.4 10.8 0.038

16984 03 45 0.067

1085 0.2 ar 0.023

1986 08 a.5 G.071

1987 0.4 12.7 0.031

1988 i3 171 0.2r2

1989 45 24.3 0.185

1990 71 143 0.628

1981 4 18.8 0.238

1992 1.5 16.2 0.083

1983 1.2 19.4 0.082

1984 a5 12.5 0.040
Thers are 2 mathods 1o calculats the slops and y -ntercept:
(1) Go 1o Tools, Data Anatysis, Regresslion, seiact the Input and output ranges, then clickl
OK, The two numbers that are important are tha X varlable 1 which ls the siops and
intercept which is the y <ntarcept
{2} Select tha data series on the graph, right click, ang chaose Add Trendéine. Choose
“tinear” for the Type. in the Oma_b_.gjﬂmwm on chart.”

315 4
. ¥ = 0.0583r » 0.2755
3.0 4 R = 00274
2.5+
o = 0,0563

e 20 4 f=0.2388
i 1.5
i »
H 1.0 L

0.5 4 ~ * "

ouuv s e hd 0 ot

0 1
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CHAPTER VIl - STOCK AND RECRUITMENT

From Tools, Data Analysis, Regression:

Exerciae 1 - Blue Crab

SUMMARY OUTPUT 1
Hegreasion Statistics
Muitiple R 0. 16580684
R Square 0.027425828
Adjusted R Squars  0.001139831
Standard Error 0.555527335
Observations ]
ANOVA
af 35 MS F S 7
[Regression T 0.32198281 0.321063 1.04338302 0.31387318
Residuai 37 11.41850296 0.308871
Total 38 11.74058587
Coeficients_Standard Error__{ Staf____ Povaiue  Lowsr G5%  Upper 95% _ Lower 05.0%__ Upper 95.0%
Intercept 0235474099 0.111705814 2,108388 0.04201249 0.00896644 0481381760  Q.00008844  0.3419817%
X Variable 1 0.058307200 0.055124705 1.02143% 0.31387318 -0.05538564 0.168000382 -0.055385544  0.1680003E;!
Non<inear -
Befors Boiver After Soiver o run Solver, go (o Taols,
Yoar s R e Rowt  (RomPowd  Foms  (Rau-Rued)” [Soiver.
1956 18 28 4.915 4471 11.145 60.645
1957 0.5 440 1.887 5.430 6.596 3232 |As the target call, neiect the sum
1958 0.2 03 0.811 0261 3,480 10.178  [of square residuals (SSR)
1958 0 4 0.000 18.000 0.000 18.00Q
1980 0.3 05 1.188 D.474 4727 17.87G  |Select "Min" for the Equal To:
1961 0.1 0 0.415 0172 1.958 3.524
1962 02 1 o.811 0.038 31.490 8.202 Select the @ and F as the
1963 0.5 0.4 1,897 2.240 8.508 18411 Jy Changing Ceitn
1964 0.2 a8 .811 80,675 3.400 26,108
1965 0.4 3.7 1.550 4.821 5745 4.183  [itie important to note that the «
1968 08 a1 2,852 0.0a2 8.488 29.014  |and 8 to be changed must ba
1967 1.8 05 4918 19.480 11.145 112.324 |the same o and /4 that are in the
1968 3 15.2 TAR B80.552 13.054 4. 605 Baverton-Hoit squation in the
1968 1.5 15 4.838 10,168 10.517 88,688  |R L column and the SSR
1970 47 178 9.358 70.5497 14.040 14.073  [salected must aiso ba related to
1571 3 71 7.418 Q101 13.054 35451 [the same R colurnn. .
1972 2.1 75 5.937 2.443 12.044 20,648
1573 0.1 4 0415 12,854 1.958 4.180
1974 0.1 0.7 0.415 0.084 1.955 1.578
1976 0 07 0.000 0.490 0.000 0.490
1978 0.1 5.7 0.415 27934 1,958 14,022
1977 02 83 0.81% 30134 3.480 7.804
1978 02 84 0.811 31.242 3.490 8.488
1978 0.4 0.7 1.550 0723 5748 25484
1880 0.4 123 1.550 115.554 5745 42,065
1581 0.8 9.3 2.228 50.008 7.322 3.913
1982 0.8 s 2228 7.882 7.322 5.301
1583 0.4 10.5 1.550 80.006 £.748 22.808
1084 0.3 4.5 1.189 10.564 4727 0.052
1905 02 a7 0.8114 62.243 3.480 27.140
1988 o8 as 2.226 39.334 7322 1,388
1987 04 127 1.550 124313 5,745 48.360
1508 18 179 8.455 T4.737 13,615 12,148
1989 45 243 9.208 227854 13.968 108.809
1580 7.1 1.3 11477 0.045 14717 11.679
1991 4 16.8 4842 65 856 13.726 9.452
1982 15 18.2 4,888 132,518 10.917 27.908
1563 1.2 19.4 3.980 238,309 10.091 85.549
1994 0.5 125 1.897 112.432 €.598 34.837
SSR: 1708.2890 SSR:  1004.840
[~ ATer Solver |
a U.056307209_| 0.061611650 |
] 0235474009 | 0.0448785
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CHAFTER Vilt - STOCK AND RECRUITMENT Exarcisa 1 - Blue Crab

25 7

L)
20 4 .
*
x
»* |
5 -] ? 8

T piot the Baverton-Ho model, CTeate a senea of S ]

stock (S} and solve for Rt using the Beverton-Holt Q 0
equation and the parameter values obtainad from 0.5 §.59767023
Sobver. 1 9.38172951
1.5 10.9173406
a 0.061611855 2 11.8904788
A 0.0440785 2.5 12.582332
3 13.0540684

35 134205507
4 13.7250528
45 13.9651391
5 141628308
55 143267894
8 14.4700808
8.5 145918482
7 14 8978515
TS5 14790708
8 148734344

A3 - t15



CHAPTER Vil - STOCK AND RECRUITMENT Exercise 1 - Slue Crab

{c) Ricker Model

Linear

Year [ R S |
1958 1.8 28 0.580
1957 0.5 4.8 2262
1958 0.2 0.3 0.408
1959 o} 4 0.000
1960 03 0.5 0.511
19814 0.1 0 0.000
1962 02 1 1.808
1983 0.5 04 £0.223
1964 0.2 8.8 st
1965 04 a7 2225
1968 0.8 31 1.355
1967 1.8 0.5 1.183
1968 3 15.2 1,823
1969 1.5 15 0.000
1970 47 17.8 1.332
1971 3 T 0.881
1972 21 T3 1273
18973 0.1 4 3.609
1974 0.1 0.7 1.948
1975 0 o7 0.000
1976 a1 57 4,043
1977 02 8.3 3.480
1978 0.2 g4 3.488
1979 0.4 0.7 0.580
1980 04 12.3 3.428
1981 08 9.3 2741
1882 0.8 L 2.120
1983 o4 10.5 1268
1984 8.3 45 2708
1985 0.2 arz T3
1988 0.8 a5 2851
1987 04 12.7 3.458
1988 3.8 171 1.504
1989 4.5 24.3 1.688
1980 7.1 1.3 0.486
198 4 15.8 1.435
1982 1.5 16.2 2,380
1993 1.2 19.4 1.783
1904 0.5 12.5 3219
Thers ars 2 methods to calculate the siope and y -ntercept
{1} Go io Tools, Data Analysls, Regression, select the input
and output ranges, then click OK. The two numben thet are
important are the X variable 1 which is the slope and intercept
fwhich ia the y <ntercept
(2) Select tha data seriea on the graph, right click, and chooss
Add Trandtine. Chooss "linsar for the Type. (n the Options
tab, click "display equation on chart.”
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CHAPTER VI - STOCK AND RECRUITMENT Exsrcise { - Blus Crab

5.0
y = 0234x + L1481
401 R = 00787
K
3.0 9 g . o= 8299
.9 p=0.2374

In{R/S )

1.0 4 .
204
L
From Tools, Data Analysis, Regresaion; —
SUMMARY QUTPUT
Regression Siatistics
Muitipie R 0.2822926048
R Square 0.0796889138
Adjusted R Square  0.054815872
Standard Error 1.33838823
Qbiservations 39
ANOVA
L oF 55 e F ' 7
Regrassion 1 8721786728 5721788 1320380671 0D.08185367
Rasiduai 37 86.07953951 1.785334
Total 38 71.80132524
Toelicents  Standard Emor ¢ ofat Poveive __Lower 5% Umﬂﬁ-% Lowar 05.0% UprS.G'E

Intercapt 2118118818 0268924135 7 AEAA2Y 2.0385E-09 157122503 2.B81008201 1.571225031  2.661008:'01
X Variable 1 £237T359513 0.1328009149 -1.78902 0.08185397 -0.50005081 0.0313131884 -0.508050909 0.031331!%
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CHAPTER VIl - STOCK AND RECRUITMENT

Exercise 1 - Blue Ciab

Non-{inear
Bafore Sotver After Sotver amngohnr.goto"rrods.
Yoar 5 Rom Ruwi  (Row R Riores (R atm grt)” [Bohver.
1958 T8 28 9.082 36,480 11.038 67.862
1957 0.5 48 3.686 1.243 4 483 0.113 tha target cell, selact the sum
1958 0.2 0.3 1.583 1.848 1915 2.609  |of square residuais (SSR)
1958 0 4 0.000 16.000 0.000 16.000
1960 c.a 05 2.318 3.307 2.608 5318  |Selact "Min" for the Equail Ta:
1961 0.1 b 0.810 0.667 0.880 0.561
1962 02 1 1,563 0.340 1.91%8 0.838  |Select the g and 4 as the
1963 0% 0.4 3.688 10.792 4.483 16.500  Jy Changing Cells
1964 0.2 8.6 1583 49.24% 1918 44 658
1966 0.4 37 3018 0.484 3.658 0.002  |Uisimporiant i note that the a
1968 0.8 3.1 5.484 5.718 8.858 12.648  [and £ to be changed muat be
1967 1.8 0.5 .082 73.650 11,038 111048 [the same o and 4 that ars in the.
1968 3 152 12.215 8.911 14,009 0.088 |Ricker squation in the R e
1969 15 15 ar19 52.119 10.593 82.887 |column and tha SSR selected
1970 4.7 17.8 12.783 25174 15,685 4,474 must 8isa ba reiated o the same
1971 3 7.1 12215 28.181 14,809 80.884 Ry column.
1972 2.1 75 10.587 9528 12.888 29.008
1972 0.1 4 0.810 10,173 0.580 8.118
1974 a1 0.7 0.810 0.012 0.860 0078
1975 0 0.7 0.000 0.490 0.000 0.400
1978 0.1 57 0.810 23.908 0.860 22278
1977 02 83 1.583 22.282 1918 10.226
1578 0.2 84 1,583 22,208 1.918 20.413
1979 0.4 0.7 08 5377 1855 8733
1980 0.4 12.3 3.019 85.139 3.855 74,733
1561 08 9.3 418 24.817 5232 18.550
1982 08 s 4318 0.485 5232 0.054
1883 04 10.5 3019 56,967 3.858 48,8582
1884 03 45 2319 4,759 2.808 2.888
1568 02 a7 1.583 50.654 1918 46.033
18668 0.8 85 4.318 17,458 5.2a2 10.681
1987 04 127 M9 93.724 3.858 81.80%
1988 28 171 12.798 18.522 15.658 2.080
1980 458 24.3 12834  131.478 15,738 72013
1990 74 1.3 10.924 0.141 13.504 4.559
1961 4 16.8 12.848 15.640 18.727 1.160
1982 15 168.2 B.719 55.900 10.593 31.426
1983 12 19.4 7.490 141,841 9.082 106,263
1904 0.5 128 3888 77.703 4,463 84.590
SSR: 118519 SSR 1009.138
[Hetors Solver | Alter Sotwer |
@ B298B47217 | 1003550483
Vi 0.2373568613 | 0.234257081
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CHAPTER VIl - STOCK AND RECRUITMENT

25 «

To piot the Ricker mode, creats & saries of stock ‘g ) SOO
(5} and scive for R using the Ricker aquation and o5 4' 483
bha parameter vaiues obtained from Sobwee. 1 ?‘940
_ 1.5 10.583

a 10.03559483 2 12.583

I 0.234257051 <5 13.068

3 14,909

as 15.472

4 15.727

4.5 15,738

5 15.554

55 15.218

8 14,768

6.5 14.229

7 13.630

7.5 12.989

8 12.324

Al - 119
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CHAPTER VIl - STOCK AND RECRUITMENT

BEVERTON-HOLY

Microsoft Excel 8.0a Answer Report
Worksheet: {Chapter 10 - Stock Recruitment Exercises.xIs]BLUECRAB

Report Created: 4/5/00 3:07:10 PM

Target Call (Min})
Cell Name Original Value Final Value

SHF170 SSR 1706.289 1004.840

Adjustable Cells
Cell Name Original Value Final Value
308173 « After Solver  0.C56307209 0.061611655
§D3174 J ARler Solver  0.235474099  0.0449785

Constraints
NONE
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CHAPTER VHI - STOCK AND RECRUITMENT Exercisa 1 - Blue Crab

RICKER

Microsoft Excal 8.0a Answer Report
Worksheet: [Chapter 10 - Stock Recruitment Exercises. xIs]BLUECRAB

Report Created: 4/5/00 3:07:10 PM

Target Cell (Min)
Cell Namae Original Value Final Value
$H$325 SSR 1185.139 1099.138

Adjustable Cells

Cell Nama Original Valua Final Value
$D$328 « After Solver  8.298847217 10.03559483
$0%$320 [ After Solver 0237350513 0.234257051

Constraints
NONE
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