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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 Comtnission, 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. It may
be used alone, or in conjunction with Part 0 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 SURVKYS AND

FISHERY-INDEPENDENT DATA

Joseph T. DeAlteris and l.aura 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 oAen 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  iiatural 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 biologica1, sociological,
economic, and po1itical 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 conc/uded 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 I and II
allowed worldwide fish stocks to rebuild, but overfishing in the last fifty years has driven stocks
to record 1ow levels,

Fisheries Management

The Magnuson Fishery Conservation and Management Act, enacted in l976, empowered the
federal government to regulate fishing Rom 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 &om 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 oa the status of the fisheiy resources
off the coasts of the United States and on the fisheries. NMFS thea provides this information fo
the management councils for their use.

Additionally, the councils have committees and panels that provide further technical assistance
to the council staff aad 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 iaput and comment. However, if conditions ia the fishery
are changing rapidly, &amework action notices are used to allow management to keep pace with
an evolving fishery.

The original Magnuson Act and the recently re-authorized Magnusoa-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 overfishiag, aad protect the habitats for fishery resources. The full text can be
found at www.nmfs, govlsfalmagact.

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

Ia addition to the regional management councils, there are three regional interstate fishery
management commissions established by federal law: the Atlantic States Mariae Fisheries
Commission  ASMFC!, the Gulf State Marine Fisheries Commission, and the Pacific States
Marine Fisheries Commissioa. These commissioas include three representatives irom 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 transbouadazy, migratory
coastal species. For example, in 1998, the ASMFC developed a FMP for American lobster, a
resource harvested Rom Maine to Virginia.

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



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 manageinent policy in the U,S. Liinited 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 various 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;

l. 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.



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 inanagernent 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 &om 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 &om a natural thorn hook, and &om 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 &orn
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 &eshwater and marine fisheries in a wide variety of
forms &om Qy 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 l!. The principle element of this gear is the
mainline or groundline that can extend up to 50 km in length, Branching o8'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 l. 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 krn 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 1GO 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-diinensional 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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ihe 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 reaction 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 ia the pot to reduce juvenile bycatch. Crab pots are usually
fished as singles and are hauled by hand &om 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  Suudstroru 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 is 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-return 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 inid-Atlantic coastal plain, large traps constructed of webbing hang &om 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 rn 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. Pott tid 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 &om the water by
the gear. Towed gear evolved &om the need of man to harvest more ef6ciently, and that
required collecting 6om 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 shellfish 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 &om 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 diA'erent.

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
&arne is the tow chain ar wire, and a bag to collect the catch. The bag is constructed of rings atid
chain-links on the bottom to reduce the abrasive effects of the seabed, and twine or webbing on
top. The dredge is tawed slowly    1 m/sec! in circles, from vessels 7 to 30 m in length.
Coinpared 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. Oyster dredge  SMadstrom 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 �0
cm! that rake the crabs out of the bottom. This same gear is used to harvest whelk 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 S!. 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 f'rom the trawl wing ends using cables or "ground gear."
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This technology increased the effective area swept by trawls Rom the distance between the net
wings to the distance between the doors, The ground gear can be as long as 200 tn, thus
increasing the area swept by the trawl by as much as three fold.

Figure 5. Otter trawl  Suudstrom 1957!.

Bottom trawl fisheries are prosecuted for demersal species on all coasts of the U.S. In the
northeast, vessels Rom 15 to 50 m fish in waters ranging from 10 to 400 m in depth. Smalj 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.

Seizes

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
seine nets.

The simplest form of seine is a single w'all of webbing without a bag, connected at each end to
poles that are handled by fishermen. The net is pulled through the shaBow 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 small,  about 0.5 cm!, as the gear is
typically used to harvest bait fish for recreational hook and line fisheries. TypicaHy a
recreational or subsistence beach seine is about 20 m in length and 1.0 to 1.5 m in height with a

i-9



1.0 cm mesh size. Cornrnercial beach seines range in length from 200 to 400 rn and are equipped
with a bag in the center or side.

The long-haul seine is set and hauled in shallow water estuaries &orn a boat  about 15 m!, The
net is a single wall of small mesh webbing    5 crn! and is usually greater than 400 rn in length
and about 3 in 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 &om 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. Prrrae seiae  Sundatrom 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 �00 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 rn in depth. Without the power
block, these fisheries would not have developed.



Gillners

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.

Gillnets 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 inultifiilament, synthetic or natural fibers are also
used.

Anchored sink gillnets are used to harvest demersal fish along aH 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 &om 100 to 200 m
and in depth Rom 2 to 10 m. Multiple nets are attached together to form a string of nets, up to
2000 rn in length. In shallow water, sink gillnets may fish fiom bottom to surface, if the
webbing is of sufficient depth.

Figure 7. Sink gNnet  Suudstrom 1957!.

Gillnets are also designed so as to float &om the sea surface and extend downward into the ~ater
column and are used to catch pelagic fish. In this case, the buoyancy of the floatline exceeds the
weight of the leadline. Floating gilhets 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,
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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 Gom a day of fishing at sea. These data are
supplemented with the Marine Recreational Fishery Statistics Survey  MRFSS!. The MRFSS is

ln the commercial fisheries, landings data is collected fiom fisherrnen's logbooks and trip
tickets, dockside interviews by port agents, monthly summaries froin 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 tertns of catchability and rated accordingly, An exatnple 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 9. Estimated number of marine recreational Ashing trips in Rhode island from MRFSS Sowey.

Research Surveys

NMFS 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 trawl 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 &om these analyses.

The fishery-independent surveys also provide biological samples for the study of age and
growth, inortality, fecundity, and other life history characteristics, in addition to allowing for the
collection of oceanographic data that is used to develop ecological models relating fish
abundance and distribution to environmental conditions.

a series of surveys initiated by NMFS starting in l979 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!sland &om the MRFSS
Survey can be seen in a time series of recreational effort  Figure 9!.



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 variabI.lity within
strata and therefore increase the precision 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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MATHENIATICS AND BIOSTATISTICS REVIEW
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Note: This chapter is adapted from materials presented in Chapter 2 of Gulland �969! and
Chapter 2 of Sparre et aL �989!. 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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Figrlre 1. Function: y =px!.

A linear function can be described by:

y =ax+ b,

where a and b are constants  Figure 2!.



Figure 2. Linear function: y = ax + b.

The slope of the line is a 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 f~ or f~. Special cases
of the linear function occur when b = 0  y = ax; i.e., the function intersects the origin!,  Figure
3a! and when a = 1 and b = 0  y = x!  Figure 31!.

0! >0 ~! io
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4 6 Figure 3. Special caaea Or iiuear funetIOus:
 a! y=ar
�! y=x.

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



Figure 4. Effect of the slope a oa the liaear faactioa.

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

y = ax' + bx+ c
or

y = A x -xo! x � x, !

where x0 and x~ are x-axis intercepts and 3 determines whether the curve is concave upward or
downward  Figure 5!.

Figure 5. The quadratic fuactioa: y = A x-xs! x-x~!.



The parabola is a special case of the second order polynomial, where 3   0, xo = 0, and z ~ = b
 Figure 6!.

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

An exponential function is described by

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, andy is the dependent variable.

Figure 7. Exponential functions: y = a'.



The exponential function increases to infinity if a > 1. The function decreases asymptotically
and approaches the x-axis if a < l. 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 = I-e '

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

x

Figure 8. Asymptotic function: y = I - e".

A power function is described by

y=x'

where N is a constant  Figure 9!.

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



Figure 9. Power fuactloas: y = x'".

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:

a =1

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�!
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 e  log,! is
the basis of the Napierian system.

Log, is referred to as the natural log and can be abbreviated as "ln," The natural log has
convenient properties in calculus, and the value of e is described by

e= lim 1+

=1+ Ii + 2i + 3i +... = 2.7182

where "!" indicates "factorial"  i.e., a series product of descending integers!; for example,

4l = �X3!�!�! = 24

The following laws apply to logarithms:

log�10 = 1

log, e= inc =1

log,01= lnl = 0

log  x!+log. y! = log. x y!

log.  x! � log.  y! = log.

log, x != M log, x! .

Transforming or Linearizing PIIctioas

Non-linear functions can sotnetimes be simplified for evaluation or fitting inodels 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:



1ny = 1nA -zxlne
= 1nA � zx

which is in the linear form of

y =b-ax.

 b! a

Fiyare 10. Non&near and linear forms of y = Ae

The parameter A is obtained by taking the inverse natural log of the y-intercept  b! in the
linearized form. The parameter z is obtained directly Rom the slope a in the linearized form.

A parabolic or dome shaped function is also &equently 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 2

 Figure 1 la!. Estimation of parameters a'and b f'rom  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
/x

The estimation of parameters 3 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 regression techniques:



 Figure 1 lb!. 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!.

 b!

y/x

Figure 11. Non-linear and linear forms of y = bx - ad.

Differential Calettlus

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'=f' x!.

The s1ope 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!



g x!
lncg x!!

e'e'

x+gx
Qx

Figure 12. Derivative of tbe function y =px!.

Exatnples of differential calculus are the following:

~i~ x! =!

~/~�x+2! = 3+0 = 3
~i+�x'! =3 2x' ' =6x
~y~�x x! = �x  !+� x! =6x.

g x! + h x!
g x! � h x!

kg x!

 /!r  !
u x! v x!

u x!/v x!

e" "g' x!

g  x!+h  x!
g' x! � h' x!
kg' x!

 /!  !
v x!u' x! + u x! v' x!

Iv x! u' x! � u x! v' x!]/[v x!] .



Example 1: Given the parabolic function, y =bx-ax
2

find the x and y values for the maximum of the function  Figure l3a!,

Solution: Given the shape of a parabola, the function is at a maximuin when the slope = 0, Take the derivative of
the function and set it equal to zero  Figure l3b!,

+i =y'=b � 2ax =0
r'ax

b=2ax

y

yo

Figure 13. Fttnctlons:  a! y = bx - er'
 b! y' = b - 2'.

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

y=b~2 -a b

2b' b' h

Thus, the coordinates of the y-max for the parabolic function are:

gb'

11- 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 a 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:

Jf  ~W

where fax!dx is the integral and [a, b] is the range of integration.

x =a

Pitp  re 14. The iategrai of a fiiactioa: y =Px!.

It follows that the solution to the definite integral ofgx! between a and b is:

b

f f  x!rk =  F x!]l = F b!i F a!�

where F x! is a function such that F' x! = f  x! for x = a and b,

An indefinite integral is a function F x! such that F  x! = f x!  i.e., F x! is the anti-derivative of

Px!!, F x! + c, where c is a constant, is also an indefinite integral ofgx! because IF x!+ cI =
F x! =gx!.



The following are some rules of integration:

fad =~
faf  x!de = a f f  x! dx

 M-rl!Jx'"dx="  !d 1! M a-1
Ja*dx=% ! a�,an 
Je' =e'

JP'dx = ln x!
f!n x!dx = x !n x!- x
jtf x!+g x!!dx= Jf x!g' x!- Jg x!f' x!
ff x!g' x! =f x!g x!- ff  x!g x!dx.

Example 2: Determine the area under the function

y =3x'+5
for x = 2 to 4.

Solution:

The equation y = 3x + 5 is a power function that intersects they-axis at a value of 5.2

The integral of the function is:

+y' =s.*+s
de =  Sx*+ S!d
g g g

fdx= J [x'+Sxjd =[x'+Sx]l
2 2 2

= t'64+ 20! - 8+10!

= 66.

That is, the area under the curve y = 3x +5 betweenx values of 2 and 4 is 66.2



Differential 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:

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:

dN

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

is the rate of change of the population size over time.
/' dr

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:

Rearranging and separating variables:

P dy= ask.

Integrating both sides of the equation:

In y I = ax I .
ro

Evaluating the integrals and rearranging:

in y,!-ln y,! = ax-a+0
In y�! - In y,! = ar



Applying this solution technique to the population rate equation:

dN ZN

r dV =-ZCk
N

NdV = -Zdr
V, t

1nN I =-ZtI
>o 0

in N, � N0! = -Zi � Z + 0
N, =Noe

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

knowhow fast it is changing e.g., !. Note that the derivativeof thisequation  g 1dN

Ch

provides the original differential equation

No =N,eSubstituting

yields:

Descriptive Statistics

The mean, median, and mode are used to describe the central tendencies of the data. The mean
 x! is calculated as follows:

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 6om a large population, the descriptive statistics of the data set
can be used to make inference to the properties of the population sampled.



lx= � gx,
n, ~

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  t'.e., 50'/0 of the values
are less than and 50'/0 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:

Eatitnated Variance: s' = P~ i~ g x,. -xj'
i~1

Standard Deviation: s =

S E =P~..Standard Error:

The Coefficient of Variation  C, V.! is a measure of variability relative to the mean

c.v. =/x

Example 3: Consider a sample of 20 measures of fork length  cm! for fish taken iron a Rl salt pond.

Calculating the descriptive statistics provides:

Sample size = n = 20

11- 16

15.5

16.3

18.3

17.3

15.8

14.9

16.7

17.3

16.2

17.8

18.2

19.3

17.9

16.5

20.4

17.8

19.7

18.4

18.6

17.4



Mean = x = 17,5 cm

Variance = s' = 2.0 cm

Standard Deviation = s = 1.4 cm

Cv. = ~ =14>75 =0.08

S.E. = 0.32

Median = 17.6.

lf the data are grouped into integer categories  Table 1, e.g., any value kom 17.0 to 17.9 is assigned to integer
category 17!, then seven groups emerge.

Table 1. l.engtb data grouped into integer categories.

Number of
Group

Observations
14

15

16

17

18

19

20

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

8 3 14 15 16 17 18 19 20
Length  cm!

Figure 1S. I.engtit-frequency distribution.



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 t-test that pools the
variance in the data sets. Groups of three or more can be evaluated using an Analysis of
Variance  A NOVA!.

The most rudimentary comparison between two groups of data compares the Confidence
Intervals  C.I.! around the mean of each data set. If the C.I.s 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.I.s do not overlap, then there is a detectable difference at the stated
significance level, and the null hypothesis is rejected.

The CL for a univariate data set is calculated using the mean, the standard error and a I statistic.
The l 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 t statistic is determined
based on samp1e size and the specified sigtuficance level, but stabilizes at about 2 for large
satnple sizes and a confidence level of 95'/0  a&.05!. Tables of values for l statistics can be
found in inost introductory statistics books. C I.s are calculated as follows:

CI. = x k t,,�~,! SEj
where x is the mean,

S.E. is the standard error, and
tI li,i is the I statistic for sample size n and significance level I-e

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

17.5 + �!�.32! =17,5 +0.64 =16.9 < x �8,lcm,

Kxample 4: Compare the fish length data Rom Example 3 to a sinular data set collected at the same time &am a
different location, The null hypothesis is that there is no difFerence in the mean fish size between the two locations.
If the mean fork length  x! &om the second pond is 16.4 cm and the SE, is 0.30, then the C.I. is

16.420.60 =15.8 6 x 5 17.0.

The C,l.s overlap and we therefore conclude that there is no detectable dift'erence in mean fo* length between the
two data sets at the a = 0.05 leveL This can be shown graphically as a bar plot with CLs around the mean  Figure
16!.



19

E

17

~a 16

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 inodels to data to make
predictions. The concept is referred to as regression analysis. The procedure fits a specified
inodel  function! to a data set by estimating values for model parameters that nunimize 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 siinplest form of model fitting. More complex functions are
soinetiines transformed to linear functions for analysis.

Example 5: 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,
Z. = length in centimeters,
a = a unit conversion coefficient, and
b = the volutnetric expansion coefficient.

' The function is linearized by taking the natu' logarithm of both sides of the equation

lnfV = in a!+b+ ln L!

which is analogous to the linear model: y = a + b x.



Given the following length and weight data, estimate the parameters a and b for this fish species:

ln L}In W!li' gr! L  cm}

100 9. 18

8.70

8.19

7.87

7.05

6,52

5.89

4.619710

85

72

4.44

4.28

6020

3610

4,17

3.91

65

50

2620

1150

680

360

3.74

3.56

42

35

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

0 = -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 ftnal value of the
parameters in the model are:

JY = 0.005545L'"",

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

 a!
10

W' 15
InW 2

10

0

0 10 15 20

Figure 17. Linear  a! and aoa-littear  b! ttxxlels for the sreigbt-length relatloashly: IV = Oj}0554SL '
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Exercises

10

32

2G

65

5

17

15

45

25

57

3G

72

2. Calculate the following.

10 10' 4 8~ 25 ~

3. Calculate the following.

Log~o�2 5! ln�.52!

4. Determine the value of x.

0.70=e ' 10 =e"

5. Calculate /> for the fallowing functions.

y=3

y=e'
y = 4-6x

y=5x -2x

6. Integrate the following.

2

Ix'w
2

Je'm
0
4

I�+2'!de
2

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 b. On the same graph, plot
the predicted tnodel.



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  crn! l0 15 20 25 30 35 40 45 50
Group A 3 7 18 29 21 12 6 1 0
Group 8 0 5 12 23 32 15 7 2 1

II - 22
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Joseph T. Deiiteris and Laura G. Skrohe
University of Rhode Island

Kingston, RI

Introduction

The prediction of the length 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 rniddle age, and stops at old age, The growth of an individual 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  l 938! proposed a simple asymptotic function or model to describe the growth of
fish by length,  r'.e., a curve for which the slope continuously decreases with increasing age,
approaching an upper asymptote parallel to the x-axis!  Figure I!. 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!,

Figure l. Growth curve for length where L� ls the rnaxirnutn length that can 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 mufti-modal length-frequency distributions  e.g., for tropical fish



species that exhibit little seasonal variation in growth and for some crustaceans! using graphical
methods and computer based analysis  Figure 3!.

Figure Z. Growth curve for weight where 8' ie the maximum weight that cau be achieved.

Figure 3. Multi-modoi Ieagth-frequency diatrlbu5oa







Using the mean of length at age data for young fish, t0 is estimated by rearranging the von
Bertalanffy function, solving for tp, and substituting values for t and L, at the youngest age:

0 =t+ 'Kl
L�

The effect of the growth coefficient K 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 K= l.0 results in a
rapidly rising curve.

lgure 6. Tbe eNect of the valse of the growth coeNelemt  X! oa the Irowtb curve.

Estimuting Weight

The relation between the weight and length of an aquatic animal is expressed as:

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:

111 - 5







~, =2+ 041n ' =O53,
56.5

The mean t0 is -0,495.

fn su~, the van Bcrtalanffy growth model parameters for this length and age data are:

K= 0.4

L�= 56.5 em

ra = -0.495.

Ford-8'alford Plot

An alternative method to determine the paratneters JC and L� is the Ford-Walford plot  %alford
1946!. This inethod requires equal time increments  T! between obtaining measures of fish
length. The length of a fish at the later time  L�r j is plotted on they-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 j and
t+T:

L, =L �-e ! and L�, =L � � e ~"'1!.

Subtract L, frotn L�rand solve for L�q..

L�, L, =L �--e "1""1J-L �-e J
L�e L,=L e � '[1 � e J
L��=L�e "'�-e J+L,.

Substituting L�e ' = - L, -L�! into the above equation and simplifying yields:

L�,=  L,-L !�--e- !+L,
L�e =L �-e !+L,e

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

where y = L�,

x=L�

a =e "r,and
b=L �-e '!.



The plot of L, versus L,.r forms a straight line regression that intersects the 45 ' line  Figure 8!.
The 45 ' line describes the function L, r = L,, which indicates no growth between the earlier and

later measurements. The intersection between the no growth function and the data regression line
is L�.

60

55

50

35

30

25

20

503020 40 60

Lr
Figure S. Ford-Walford plot of growth at time r+T versns length at time r.

The slope of the regression line is a = e . The value of K can be obtained by rearranging this
equation to

 tn ag!'!

If T = 1, this equation simplifies to K = � In a! .

Example 2: Given thc agc-length data in Example 1, usc the Ford-Waiford plot method to estimate K 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 thc fish
at an earlier time  Figure 8!. To solve for L a 45' linc  linc of no growth! is added to the graph and then thc no
growth equation  y = x! and thc regression line  y = 18.94+ 0.667x! are set equal to each other.

Therefore. the value of L� is 56.88.

The value of K is obtained using the equation:

45

L r+r
40

x = 18.94+ 0.667x

0.333x = 18,94

x = 18.94/0.333

x = 56.88.



K = -In a!.

The slope a is 0.667, therefore K = -In�.667! = 0,4, The t'p value is calculated in the same manner as before.

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

K=0.4

L�= 56.8 m

ta = -0,476.

1VoIs-linear Regression Methods

A tnore 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 paratneter values to the model until the sum of the squared
differences between the observed and predicted values is minitnized. The Solver routine in
Microsoft Excel is a useful tool to conduct such an analysis on data entered in a spreadsheet.

DColumn

Rows I

A

AGE

B

25

36

42

 L~-~'

47

51

53

54

5 6 7 8
9

10

11

12

13

14

15

SUM D2:D8!

K=

Example 3: The following spreadsheet was constructed m Excel given the previous length-age data set, and
estimated values for K and L�of 0,4 and 57, respectively. Note that the values of L�and K are set aside as
adjustable cells  cells C12 and C13!, so that Salver can change the values as it attempts to ttutumize the sum of the
squared differences  cell D9!.



Gompertz Gl owfh Equurion

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

where 5', is weight at tiine t,
l is the age of fish,
Wp is a hypothetical weight at C = 0,
G is an instantaneous growth parameter when j = 0, and
g is the instantaneous rate of decrease of the instantaneous rate of growth  G!.

The Gornpertz function has a sigmoid shape with an upper asymptote of 8',e' at t = ~ and a

lower asymptote or W= it at t= - . The inflexion point is P  tp�j.

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 estiinated  8'0, G, and g!,
requiring non-linear estimation techniques for large data sets.



Exercises

l. Given the following age-length data set for mackerel, determine K, L�, and l0 using Ford-
Walford and non-linear methods.

Age Length

15.1

22.7

27.5

32.3

34.8

37.1

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

Age Length

3

5 6 7
8 9
10

ll

12

13

14

15

25.7

28.4

30.2

31.7

32.8

33.7

34.4

34.9

35.6

36.0

35.9

37.0

37,7
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Introduction

The general diagram of the dynamics of exploited fish stocks can be represented by an input-output
diagram  Figure l!. 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! is a measure of mortality resulting from
natural causes  e.g., diseases, pollution, predation, aging!, and fishing mortality  F! is a measure of
mortality attributable to human harvest and discards.

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 "instnnt" is at all times proportional to
the number present. The rate of loss can be expressed as:

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



Integrating the left side of this equation between N0 and N, yields:

and integrating the right side between i'0 and t yields:

which is equal to r when i0 = G. Therefore,

= -Zr ~

Rearranging and solving for N, yields:

N,= Noe

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

Example 1: If the instantaneous mortahty rate is 2  i.e. Z = 2! and the mitial population size  Nq ! is 1 milhon tish,
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 one day!, then 2/365 or 0.548/o of the population
will die each day. On the first day of the year, 5,480 fish will die   I,000,000 x 0,00548!, leaving 994,520 ahve.
Similarly, 5,450 fish will die on the second day. Ifp is the proportion of 6sh that dies every day, then q = I-p is the
proportion of fish that survives. Table l describes the decry in numbers over time.

At the end of the year, I1,000,000 x �-0.00548!'"] = 134,566 fish remain alive = N�

IV-2



Table 1. Proportional decrease lu population over time.

Number of fish dead Number survlvlugTime

m'o

pq Pq

it~ day q"No

lf we had instead selected a smaller 'instant' of time, say an hour, 0,0228% of the population would have died by the
cnd of the first time interval  an hour!, leaving [1,000,000 x �-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 survival equation mentioned above, or, in this example:

N, = Nee = 1,000,000 + e ' = 135,335 fish.

750

0
500

250

0

Time  years!

Figure 2. Kxpoueutiai decay curves for Z = 02, 05, 1.0, aad 2.0 with recrultmeat 1V> = 1000 fhh.
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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 r divided by the number at the start of time t:

-ZrS= � =e
N0

Solving for Z gives:

Z=- ln S!
t

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

N,=Pe a X,=He' '0 0

and

Sr SFx S

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,

Tire  maths!Tiire  nMnths!

Fiyire 3. Type 1 fhhery. Figwe 4. Tyye 2 fhhery.

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 l 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 rnid-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  U!. Exploitation rate can also be defined as the finite proportion of the
population harvested  U = Catch/population size!.

In a Type I fishery, the exploitation rate U is calculated as

U= I-e .

In a Type 2 fishery, the exploitation rate is calculated as

U =  F~A!/Z

where A = 1-e is the annual mortality.

Example 2: Consider a population of Ns = MOOG 6sh at the start of the year. At the end of the year, N, = 358 fish.
During the year, 321 6sh were caught. Calculate S, Z, A, U, F, and Mduring the year.

Solutioat

$, 358 0 358
N, 1000

Z = � ln S! = � ln�,358! = 1.027

3 = 1- S = 0.642

C 321
U = � = � = 0.321

No 1000

Z*U  L027 ~0.321!
F � � � 0514

M = Z- F = 1.027- 0514 = 0513.

Estimating Total Mortality from Catch Curve Analysis

Edser �908! 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

In N,! = aX+ b



where X is time in years.

The absolute value of the slope, a, is equal to the total mortality Z. The variable b 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 for a
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 saxarilis! on the
Atlantic coast from Maine to North Carolina  both landings and discards! reported by the Atlantic States Marine
Fisheries Commission.

1 2 3 4 5A e

Numbers

La JV!

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

6

I 4

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

~ Observed values ~ Decay equation

Figure 5. Observed aad predicted populatloa she.

0 2 4 6 8 10 12 14 16

A~

e Not used in calculation ~ Used in calculation

Figure 6. Caseb curve analysis.

Catch curves are very simple to calculate, but they hide numerous assumptions that one has to
consider when interpretting the results. Baranov �914! 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 wiH usually mean that each of these,
individually, is uniform.

jv-6

700

600

X 400
t- '300
~ 200

100

0

7 9 10 11 12 1 14 15+

0,5 98 658 664 551 476 456 216 143 71 44 48 13 4.6 2.6

-0.69 4.59 6.48 6.49 6.31 6.16 6. l2 5.37 4.90 4.26 3,77 3.86 2.58 1.52
0.95



3. There has been no change in mortality rate with tiriie,
4. The sample is taken randomly from the age-groups involved,
S. The age-groups in question were equal in numbers at the time each was being recruited

to the fishery  constant recruitment!.

lf these conditions are satisfied, the right limb is a curve of survivorship which is both age-specifiic
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 r, 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 ar survey index  I! and the stock  N! can be
written as:

1�= qN�

where I� is the survey index or mean catch per tow,
q is the catchability coefficient, and
N, is the cohort size at age a and time t,

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

N,�

Estimating Total and Fishing Mortality from Tagging Experimeats

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 tagyxi,

Tagging fish was first done to study movement and migration of individuals, but Petersen �896!
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:

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!.



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 Cq fish
of which R were previously inarked, is taken during the fishing season. Estimates of population size
and exploitation rate of the population are given by:

C, C,'C, R
jr � � '- ' ' and U =�

U R C,

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

C C  C R! �R C2 � R!Var N! � ' ',' and «r U! � 2
R 1 2

The exploitation rate is converted to an instantaneous rate using either

U= I-e

for a Type I fishery, or

U= � �- e !
F -z
Z

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

Example 4: The Northeast Utihties Service Company  NUSCO! in Waterford, CT has collected and tagged lobsters
in Long Island Sound since l978. Commercial fishets and others recaptured lobsters and returtusd the tags to the
NUSCO. Recapture data for individual years of tagging were used to determine annud exploitation 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 equatnn:

U= �  I-e !
F

Z
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Setting M= 0.15, we can iteratively solve for F in Microsoft Exce  using the Goal Seek or Solver procedures. For
example in 1996, U = 0.16; thus F = 0.19 with an M = G. I 5. In 1997, U = 027 therefore F = 034 and M = 0.15.

Tagged Recaptured Rate of
Ex loltatloa

Year

Recept in@ ie a Serks of Yeersjom u Shingle Your ReIease

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 available
from a single release, S and Z can be estimated using a method similar to Catch Curve Analysis.

I f N0 fish are tagged initially, the number of tagged fish remaining in the population at the beginning
of the r time interval is N�where

N g- F+Ar!r]
0

where F is fishing mortality rate,
M is natural mortality rate,
No is the total number of fish tagged, and
T is time.

The number of tagged fish captured in the r time interval  n,! is given by:

~F> M! [N, I-e ' '

Substituting for N�yields

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

5797

5680

6836

6436

5741

6136

9126

8177

7533

5307

6221

6102

1194

1356

1727

1235

1066

1109

1842

1708

1974

963

997

1665

0.21

0.24

0,25

0.19

0.19

0.18

0.20

0.21

0.26

0.18

0,16

0.27



Taking the natural log of both sides and substituting Z for  F+M! gives:

This equation can be rewritten in linear form as

ln 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 5: A sample of 1000 winter flounder were tagged in Narragansett Bay in the winter of 1990. Returns &em
those tagged fish from 1991 to 1994 are shown below. Determine estimates of total mortlaity  Z! and fishing
mortality  Q over the time period, assuming a natu' mortality rate of M= 0.30.

ln rs,

Conducting a hnear regression of ln{n,! as a function of time in years  Figure 7! provides an estimate of total
mortality of Z = 1.8. lf M = 0.3, then F = 1.5, an extretnely high rate of fishing mortality.

IV- 10

1991

1992

1993

1994

270

36

6 1

5.6

3,6

1,8

0



Tiine  years!

Figure 7. Ln recap tures! versus time for tagged winter flounde.

These types of estimates hold assurtiptions 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 parallel 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 Fhhing Mortality aild EN'ort Data

Paloheimo �980! introduced a relationship between independent estimates of total mortality and
fishing effort as follows;

Z= F+ M= qf+ M

where f is fishing effort, and
q is a catchability coefficient.

This is in the linear form of y = ax + b. Plotting Z a~inst f and fitting the best line through the
data, the resulting slope is an estimate of q and the intercept is an estimate of natural mortality M



 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

l00 150

EHort  Khys fished!

25050

Flgttre 8. Plot of Z=qf+M. la tMs example,q = 0.0013 aad M=0211L

Example 6: Solve for Musing the time series of effort and total mortality data in the kingfish Ssheries off the coast
of Thailand from 1966 to 1974.

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

Effort  fj
x1000da s

Year
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0.4

t;- 03
E

f2 o 0.2

1966

1967

1968

1969

1970

1971

1972

1973

1974

2.08

2.08

3.50

3.60

3.80

7.19

9,94

6.06

2.41

2.69

2.72

2.62

3.73

3.68

4,61

3.30



EFoit �000's days!

Figurc 9. Liuoar relressioa of Z agaiust f to soive for hf.

Other Methods for Kstimating NaturA 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, inackerel,
and herring. On the contrary, fish that mature late, have a slow growth rate, and live longer have
low natural mortality. This includes dernersal 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 relative rates of natural mortality.

For example, Hoenig �983! proposed the following formula that relates M to a species' longevity

2.98 3

T T

where T is the maximum age or longevity.

Pauly �980! proposed a formula for tropical species that relates natural mortality with variables
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such as the growth parameter  K! and temperature  T!. Gunderson �980! relates natural morality
to female gonadosomatic index.

Table 2 shows values of M for several species based on Hoenig's 3 T 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 Hoeuig �9S3!.

Species Longevity M

Hoeui 1983

IV- l4

Croaker

Menhaden

Bluefish

Cod

Striped bass
Tautog
Red Drum

Atlantic Sturgeon

5 8 8
20

30

30

50

60

0.60

0.375

0.375

0.15

O. IO

O. lo

0.06

0.05



Exercises

Given an initial population of 1V< = 25,000 fish, a survival rate of S = 0,47, and a commercial
harvest of 10,500 fish, determine N, 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.

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
2 3Year

4.12 0.93 0.06
0.73 0.13 0.06

10.39

3,45
0.03

0.019

19&5

1990 0.013

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
Commission. 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
Coinmission 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 aud recapture matrix of striped bass in the Hudson River from 198$ and 1996.

Year of
release

Number
released

1988

1989

1990

1991

1992

1993

1994

1995

1996

227

387

446

364

699

537

381

462

683

Weakfish CPUK-at-age from NEFK autumn bottom trawl survey.

Recaptures
19881989 1990 1991 1992 1993 1994 1995 1996

25 31 18 11 10 5 4 1 4
41 29 17 9 6 8 4 0

62 31 27 14 9 4 1

38 31 12 10 9 4

90 58 35 21 13

73 36 24 18

43 33 26

50 34

88
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SELECTIVITY OF MARINE FISH HARVESTING GEARS:
GENERAL THEORY, SIZE SELECTION EXPERIMENTS AND

DETERMINATION OF SIZE SELECTION CURVES

Joseph T. DeAIteris
University of Rbode Island'

Kingston, Rl

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's,
the International Commission for the Northwest Atiantic Fisheries  ICNAF! co-sponsorod a
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  Li! are not captured  P = 0!; that all fish larger than a
particular size  Lq! are captured  P = 1!; and that fish of a certain size  Lqo! between
L i and L2 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 fimction 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  Li! and larger than
another particular size  L2! are not captured, and that fish of a certain size  L,~,!
between Li and L2 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 �963!
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
 Srnolowitz 1983!. More recent work has attempted to further define codend selectivity 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: �! larger meshes retain fewer small fish, shifting the selection
curve to the right; �! square mesh codends steepen the selection curve and shift it slightty 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 �966! established an experimental methodology to describe the
parameters of a normal distribution used to characterize the selectivity of the gillnet. Later work
by Borgstrom �989! and Harnley and Regier �973! further defined the application of the NPDF
to giUnet selection. More recently, Lazar and DeAlteris �993!, 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 �982!, 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 �988! in his
analysis of hook selectivity in the handhne fishery of the Saya de Malha Banks  Indian Ocean!.
In contrast, Ralston �990!, 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 �993!, 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 investigate Stevenson and Stuart-Sharkey �980!
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 �988!, 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 1argest fish. Bohnsack et al. �989! investigated the effect of fish trap mesh size on reef
fish off southeastern Florida and found that larger meshes retained fewer small fish. It is clear
that the mesh covering a trap will 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 CNInalutiwe Distribntion Fnnction

The size selection characteristics of trawl codend. meshes and some hooks can be represented by
a logistic cumulative distribution function  LCDF!  Figure 1! of the form:
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where PLL is the probability of retention at length  L!
a2 is the steepness of the curve, and
Lqo is the length at 50% selection.

0.8

0.6

0,4
0

0.2

0.0

804020

Length  cm!

This equation is a specialized form of the general LCDF equation:

pg    ~ ~ -  w!i j '

where a is  -a 2 ~ Lqo! or  -P o L~o!, and
P is identical to a2, the steepness of the curve .

The terms uand @can be determined using:

1. Non-linear regression of data relating PLz, and L, or

2. Linear regression  Figure 2! of the linearized LCDF using the equation:

in P/ I- P!! = a+  P ~ L! .

V-3
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Length  cm!

Figure 2 Regressioa of la P/�-P!! vs L.

The LCDF curve is unique for a particular fish species, mesh size, and mesh shape. The
selection factor  SF! is defined as;

SF = Z,~/mj

where ml is the stretched mesh length.

The selection range  SR! is a measure of the steepness of the LCDF curve, and is described by:

SR= L�- Z

where L7~ is the length at P = 0.75, and
L2s is the length at P = 0.25.

Using the selection factor, the Lso 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 cumulative dlstrlbutioa function g.CDFj selectivity curves.

Xormal Probability DlstribNtion FNnction

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

[-II;L~ p/�+$D !I

where PNq is the probability of capture at length  L!,
SD is the standard deviation, and
L p/ is the length of magnum selection probability.

The parameters L~ and SD which define the NPDF can be determined by comparing the catches
of two similar gears  A and 8! 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+bL

0.6

~q 0.4

where y is the ln CQC>!,
a is the y-intercept, and
b is the slope.

60

Length  cm!
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Figure 5. Linear regressioa of ln C~�! for two similar gears that foHow HFDF.

V-6

Length  cm!
Figure 4. ProbabRty of selectloa following a normal probability distribution fuactioa.



The values of L,~, and SD for the two gears can be determined with the following equations using
the parameters a and b, and the mesh sizes of the two gears mls, and ml8..

L,A = -2«[ u «ml�! l b« ml�+ ml~!!j

L, B = -2«[ a «ml~! I b « ml�+ ml~!!]

The selection factor SF is:

SF = L,/ml

where ml is the mesh size.

Using the selection factor, the L I�of other mesh sizes can be determined, resulting in a family of
selection curves for a given species  Figure 6!.

1.0

0.8

0.2

0.0

20 80

Field Experhneuts aud 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/o  P = 1! for the
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SD = [-2 «a « ml~ � ml�!! I  b' ' ml�+ ml~!!]"'.

40 60

Length  cm!

Rture 6. Normal probability dtstributioa fuuctiou  NPDF! seleetivtty eurveL



largest fish in the population, and the smallest fish in the population have a probability of capture
or retention approaching 0'lo  P = 0!. 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:

l. 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 small
mesh codend.

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

Example t: Covered codead experiment for an idealized rouadfish.

The catches by length  cm! for a mesh cover and an experimental codend �2 cm, diamond mesh! are shown below.
Solve for L>0, selection factor, selection range, and the parameters a and P that define the LCDF.

L cm Cover Codend Sum Ratio

The selection curve is plotted, and graphicaHy the Lss is estimated to be 40 cm.

The selection factor is 40 cm/12 cm = 3.3

The selection range is L7>-L2> = 20 cm

The parameters  aand P defining the LCDF are deternimed indirectly using linear regression on the transformed
equation or directly using non-linear regnmion. These results are illustrated in Table 1 and F igure 7.
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Table 1. Results of the covered codend experiment.

Cover Codend Sntn Ratio ln PI1- Predicted PI. cm

1.0

0.8

g, 0.6

0.2

0,0

20 40

Length  cm!

8.0

6.0

4.0

4.0

+,0

-8.0
Length  cm!

Figure 7. Resnita of the covered codend experiment,
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10 0,00 0.008
20 0,05 -2.94 0.042
100 0.25 -1.10 0.198

400 0.50 0.00 0.582
400 0.75 1.10 0.887
200 0,99 4.60 0.978

50 1.00 0.996

5 1.00 0.999



For NPDF selection, the probability of retention oi capture approaches Ioo/0  P = I! for a
particular size of fish, then decreases to 0'/o  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 smaller 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 different mesh sizes have
similar fishing power and standard deviations for the selection curves.

Example 2: Glllnet catch comparison experiment for two nets.

Nets A and 8 have mesh sizes of 8.1 and 9. I cm respechvely. Catches f'rom these two nets are shown below.
Determine the selection parameters a and b, the L.,p for both nets, the standard deviation, and selection factor. Plot
the results using the NPDF modeL

Lengtb ¹ Captured ¹ Captured In 8/A!
A B

Plotting the length-frequency distributions for the catches of the two nets, the required overlap is observed  Figure
Sa!,

Regressing the h B/A! against L  Figure Sb! and fitting the model y = bx +a results in coef5cients:

a =-3S.I

b = 1.76.

Following the method of Holt �963!:

L~,A = 20.4 cm
L,z B = 23. 0 cm
SD = 1.44

SF = 2.5.

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

COVERED CODEND EXPERIMENT

Yellowtail flounder on Georges Bank

Codend = 14 cm, diamond mesh; Cover = 5 crn, square mesh

CodendFish Len h crn Cover

10-12

13-15

16-18

19-21

49-51

52-54

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

2. Based on the selection curve, estimate the L>o, SF, SR for yellowtail flounder, using a
14 cm diamond mesh codend.
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22-24

25-27

28-30

31-33

34-36

37-39

40-42

43-45

46-48

TRAWL C END SE TION PROBLEM

0

0

10

20

33

48
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95

87

60

60

20

12 2
0

0

50
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90

60

43

21

5

0

0 0
0 0
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ALTERNATE TOW EXPERIMENT

Cod on Georges Bank

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

Lined Trawl Kx TrawlFish Len h cm

81-85

86-90

91-95

96-100

101-105

106-110

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

2. Based on the selection curve, estimate the L50, SF, SR for cod using a 14 cm diamond
mesh codend,

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51-55

56-6G

61-65

66-70

71-75

76-80

TRAWL ODEND SELECTION PROBLEM

0 5 7
2

10

30

36

42

50

83

64

53

42

19

11

7

6

4 1
0

0

0 0
0

0 2
6 8

20

35

42

47

38

20

10 7
5

3 1
0



GILLNET SELE TI N PROBLEM FOR OD

Webbing A
13.6 cm

Webbing B
14.8 cm

Fish Length
crn

Webbing C
16.0 cm

1. Determine parameters a and b for each paired comparison.

2. Determine SD for each paired comparison.

3. Determine L~, for 13.6, 14.8, 16.0 crn webbing.

4. Average the parameters a, b, and SD resulting from the two paired comparisons,

5. Plot I-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 assuining 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 knifeexige selection �00'/o
vulnerability at age of first capture!, so that Beverton and Holt's �957! 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 parairietias 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
8' is the maximum weight an individual fish may attain.

The fishery related factors affecting the maximum potential yield are:

r, is the age at which fish enter the fishery  controlled by mesh size in a trawl fishery!,
and



F is the instantaneous fishing mortality coeffiicient.

If R recruits from a cohort at time t = 0, then the numbers of fish caught  dC,! and the yield in
weight  dY! from that catch can be defined in short tiine intervals  t, t + Ch! by:

dC, = F, + N, + dt

and

dYr = F + Nr + JYtdt

where N, is the number of fish alive at age t,
F, is the fishing mortality coefficient, which may vary with age, and
8', is the average weight of an individual fish at age t.

The total catch in nuinbers  C! from a cohort or yield in weight  Y! results from the integration of
the previous differential equations from the age at which the fish remaining in the cohort enter
the fishery  t,! to some limiting age tc..

Y= dY, = F,N,W;dt,

Making the following assumptions simplifies the problem:

F, = 0 and t < t,
F, = F = constant for t ! t,

Z,=M fort<t,

Z, =F+M for t2t,

N, = R e " "' for t   t',

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

Therefore,

R el-  > -,!I for t! t

where R' is the number of fish recruiting to the fishery at time t = t�and therefore,
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Thus the total number caught is:

or

x.- � R F/ F+ /!! er-"r' !!! ! err""!r~ -'»!

and ignoring the last term if 4» ~,

C = R F/ F+M!! '-"' "

Oi'

C = F/ F+M!!R.

Recall that Yield = r['Catch!' Weight!, and that the von Bertalanffy growth equation describes
individual fish growth as a function of time.

This equation is expanded to:

3
!Y, =!Y�JU�er- '

where Vo = 1, Ui = -3, U2 = 3, U3 = -1,

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

3

Y =F eR e r" Rxg[U�e !/ F+M+n ~ K!] .

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 �957! noted several important results from the yield per recruit analysis, First
is the ratio of the growth parameter  K! to the natural mortality coefficient  M!, which estimates
the potential of a fish to complete its potential growth before dying of natural mortality.

If M/K is small  MK   0.5!, then growth is high relative to mortality, and the cohort will reach
maximum biomass at a larger size relative to the inaxirnum size, or the stock  in the absence of
fishing! will contain relatively larger fish. From a fishery perspective, rnanagernent should
maximize the size or age of entry to the fishery  r,!, with only light fishing mortality on smaller
fish,

lf M/K is large  M'K ! 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 g
F

, and
 F+ M!

l,Relative Size at First Capture c = � '
I�

The yield equation can then be written as:

Y= Y'[E 1Yc'-

where

Y'=E�-c! g[ U��-c!" Pl+ rt�+ /M!� � E!j.

Beverton and Holt �957! provide tabulated yield values   Y'! for a series of values of M/K from
0.25 to 5.00 for various values of E and c. Tables I and 2 illustrate the effect of M/K, c, and E on
Y'. Note that for small M'K ratios �.5!, maximum yield is achieved at higher values of c;
whereas if M/K is larger �.0!, then maximum yield is achieved at lower values of c.

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 calculation 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 18Q.xls,"!
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Example 1: Consider the development of a harvesting strategy for a roundfish species where E = 0.2, M = 0.1,
W�= 10 kg, and t~ = 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 so as to maximize yield  Fir~!.

The result of those calculations are illustrated as Figure l. At a r, = 3, the maximum yield per recruit is 1.67 kg at F
= 0.19. In contrast ~f the t, = 5, the maximum yield per recruit is 2.02 kg at an F = 0.31, an increase of 21%.
Interestingly, if r, is set to 10 years, maximum YPR is achieved at 2.36 kg with an F = 2.0. Thus, for fish species
where M'K is small �.5!, substantially greater yields, about 40%, are realized by delaying entry into the fishery.
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Figure 1. Yield per recruit as a function of fishing mortality;
 A!t, =3.O
 B! t, = 5.0.



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. l years, over the
range of 0 to 30 years,

The length of the fish  L! at age  t! is calculated using a simplified  to = 0! von Bertalanffy
growth equation:

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

The weight of the fish   W! at age t is determined using a length-weight relationship.

W, =  aL,!'

where a is the L- W conversion factor, and
b is the L- 8'growth factor.

The percent maturity  P,! of individuals in the cohort at age is expressed using a LCDF:

p  ~+ I Ni  i ei!l! -''-

where a is the steepness of the curve, and
P is the age at SP/0 maturity.

The number of individuals  N,! remaining in the unfished cohort at age t is determined using an
instantaneous natural decay function incremented at the time step of t years:

where Mis the instantaneous natural mortality, and
N0, the initial cohort size, is 1000 individuals.

The biomass  B,! of the individuals remaining in the unfished cohort at age t is calculated:

B,= N,~H',

and the unfished spawning stock biomass  UFSSB! of the individuals remaining in the cohort at
age t is determined:



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,!:

pz = !~~  ~!i ~"!!} ~

where a = steepness of the curve, and
Lgp = length at 50'/0 selection,

Gillnets and traps are assumed to possess qualitatively siinilar size-selection characteristics
which can be represented by a truncated, scaled NPDF of individual fish length  PN!.

PN [  ~ ~j /I2'st !IPN~ =e

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

Applying length-specific susceptibility to fishing  PNz or PLr! at a specified level of fishing
mortality  F! and including natural mortality  M!, the number of individuals retriaining in the
fished cohort  NF,! at each time step  t! is calculated as:

NF -NF  i-i!e

Thus, the yield of the fished cohort  Y! from each time-step is.

[ PN~ or PL~! F! fYi = [ /  PN or PL ! F!!+ iM'  NF i-]! � NFi!  +i!

and the spawning stock biomass of the fished cohort  SSB,! at each time step is simply:

SSB, =  NF,! ~ fV,! ~ P,!.

Given these equations and specific values of L, K, a, b, a, P and M, the total biomass and
' spawning stock biomass of the unfished cohort are determined. With the specification of fishing
conditions  F, a, Lso, SD, and L,~,! total yield and spawning stock biomass of the fished cohort
are determined. By evaluating a wide range of L~0, L p and F values, the resulting matrix of
data, expressed as a percentage of the rnaximurn 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 steepness of the
LCDF curve ls 033. For gill nets, the standard deviation of the NPDF is 5. The specifications for the
idealized roundfish used in this analysis are: L =100 cm, 4=0.2,a=0,00001,b= 3, N=l, @=3,and M =0.2.

Based on these values, the characteristics 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 l00 cm
and IO kg. Maturation is assumed to occur rapidly, with 50'/o 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 m the unfished cohort is reduced to
about 5/0 of the initial 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.

The LCDF and NPDF for size selection are shown in Figures 4A and 4B. The LMs for the LCDF ranged &om 50 to
100 cm, and a representative steepness of 0.33 is specified. The L.~ ranged &om 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 fiom 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
L~ values. The resulting isopleth diagrams for YPR snd 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 L>0 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/o at F

3.0 decreasing to 25o/o at F= 4.0.

Evaluating the isopleih diagrams of the NPDF, it is clear again that maximum YPR will be realized at a L,s of 80 cm
and at fishing mortalities of 2.0 and greatm. Operatmg the fishery in this range will provide a spawning stock
biomass of 30/o at F= 2.0, decreasing to 269o at F = 4.0.

The effect of the shape of the selection curve on the YPR and SPR is evaluated at an l.is or I.~ 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
st~ of the selection curve effects both the YPR and SPR. Lower values for the steepness parameter results in a
l00/o mciease in YPR and 59/o reduction of the SPR StaiWrd deviation values ranging fiom 2 to 10 are specified
for the NPDF  Figure 8!. Increasing the statdaid deviation of the selection curve results in 50K reduction in SPR
and a 30ty/o increase in YPR.
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 A! Logistic cumulative distribution functton  LCDF! selectivity curves for Lsss from 50-f00
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 B! Normal probabiHty density function  NFDF! selectivity curves for L~ from 50-100 cm.
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Exercises

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

Species

Given this variability in MJC 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/K 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,S, and 2.6 for cod, silver hake,
and yellowtail flounder, respectively, and that management seeks to match trawl selection
 L50! to YPR~, targets, determine the appropriate mesh size for each species. Recall that
the simplified van Bertalanffy age-length relationship is L, = f.  I � e ""lj.

2. 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 L50s and L,~p, of 35 cm as in the present regulations, and SS cm as may be a future
target.

Notes

A. Summer flounder maturity parameters are a = 5 and P= 2,37 and length-width relationship
parameters are a = 0.000 and b = 3.07.

B. NPDF SD is 5 and the LCDF steepness 0.33.

C. Develop the discrete time YPR and SSB per recruit curves at F intervals of 0,1 in the range
of 0.0 to 0.5, and intervals of 0.5 in the range of 0.5 to 3.0.

D. When evaluating the SSB curve, note the 20% of virgin SSB line.
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cod

haddock

silver hake

winter flounder

yellowtai1 flounder
plaice
summer flounder

0.12

0.38

0.18

0.37

0.63

0.17

0.21

0.2

0.2

0.4

0.2

0.2

0.2

0.2

1,7

0.5

2.2

0,5

0.3

1,2

1.0

33.7

4.4

2.0

3,5

0.9

2.4

7.6

148

74

65

63

46

65

84
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PRODUCTION MODELS

Joseph T. DeAlteris
University of Rhode Island

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
minimuin percentage of the virgin spawning stock biomass or egg production remains in the
stock, so as to prevent recruitinent 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 also 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 envirorunent,

There are two broad categories of models used to assess that status of fish stocks:

1. Global tnodels, 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
population 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 inodels 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 apphcation of global inodels, 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 Regulation

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!.



Assuming that the population is closed, spatially homogeneous, and that there is no age structure,
the tiine history of that population is described by:

~g>< � �  b d-!N = riV

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

lf the birth rate exceeds death rate, then dlV/dr is positive  r ! 0!; if the birth rate equals death rate
then dN/Ch is zero  r = 0!; and if death rate exceeds the birth rate, then diV/Ch is negative  r   0!,
Note that this relationship is a differential equation, but it also fits the linear model y = ar
 Figure l!.

dN/dr

Fiyare 1. Tbe rate of chaegc of pepulatloa number  dNAA'! aa a fanctioa of popelatioa else
 lYj for r ! 0, = 0, aad < 0.

Note also that if the differential equation is retirr3nged as follows;

The "per capita" rate of change of a population in this density independent model is a constant  r!.
This differential equation is solved by the separation of variables method,
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The trajectory of a population with density independent birth and death rates is shown in Figure 2,
ff r ! 0, then population numbers grow exponentially; if r < 0, population numbers decay as a
negative exponential to 0, and if r = 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,

Figure 2. Population trajectories for deasity tadepeadeat growth where r > 0, = 0, aad < 0.

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 toexpress these as linear functions: b=bo-b
d do +diX

where bo and do are the rates at N = 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:

~g~ = [ b, b,N!  d, -d,N!-!N-
or rearranging:
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Figure 5. Logistic model describing population number as a fiiactioa of time.

Anthropogenic mortality or harvesting is added to the inodel of population regulation as follows:

~/~  =  u � Pv!N � aN

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

Surplus Production Model

Russell �935! 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 sumnlrized as follows:

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

lf 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
terins relating to natural processes  recruitment, growth, and natural mortality! and referring to
them collectively as Surplus Production yields.

Pew Biomass = Old Biomass + SurplusProduction - 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 inust 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 tiine 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!,

dB/'  a Pt!iy � Fg

At equilibrium ~J> � � 0, therefore:

 a-Pr!ft' = F'S'
 a- PS'! = F"
8.  a F'-

where B' represents equilibrium levels of biomass at specific equilibrium levels
of fishing mortality  F'!.

Y =F 8'.

Substituting for equilibrium biomass and expanding results in the basic surplus production model.

Y' =F' = +p � ~ F' F'.

a for

b for ~, and

Substituting:

f for F assuming catchability is constant  based on F = fq!

results in the generalized Schaefer Model �954!:
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Recalling that catch or anthropogenic removal is the product of bioinass and fishing mortahty then
equilibrium yield values are defined as:



F =  a � bf ! f = af � bf '.

This model has the parabolic or dome shaped form that relates yield  P to fishing effort  f!
 Figure 6!. The level of effort required to achieve Maximum Equilibrium Yield  MEY! is
determined by taking the derivative of the function and setting it equal to zero:

d <f bf2 P

a-2bf =0

<- = Y2~

ES>rt

Figure 6. Schacfer model relatiag yield to eNort.

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

,=  y,!-  y,!'

~her 4b2 4b2 F2 4b '

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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ajnd using linear regressioa on CPUE y~ versus effort  f!. Non-linear, best-fit estimation of
the parametet's is accomplishedl using Solver in Mt'cresofi' Exeter, with parameter starting values
fram the linearized esni maison

Fox Model

An altexnative model to fjitting t5e relationship between catch and eff<mt was introduced by Fox in
l970 which assumes that a stock would respond to intene fishing by maximizing productivity
thus the yield woulId never reach zero. This model also assumes, that CPUE would decline as.
effort increases and provides, aa estimate of the MEY usually close to the Schaefer moclel. The
Fox model has the form

This model is linearized to:

lh Y ~ c df

MEY fox Se Fox model is estimated by again taking tIte derivative of the functtio~ setting it equal
te zero to solve forgat MET, atwl. finally, substituting that back in' the originall equation:

f~r =Pg
Y~!r tI e

Kaataple I: Consider the following, time serica of caich and effoIt for a trawl Ilahery. Determine the MEY foe thia
fjaheIy by tatiag the ~er ancl Fm xaodeh. Reaxmaen1 a hvcl of effort to achieve MEY.



EffortCatchYear

623

628

520

513

661

919

1158

1970

1317

1994

1995

1996

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

Cate

Effort

1988 1989 1990 1991 1992 1993 1994 1995 1996

Fiyare 7. TIme history of catch aud effort.

2. To fit the linearized Schaefer model, calculate CPUE as ratios of catch/effor  Table 1!, then use linear
regression of CPUE versus effort  Figure 8!.

VII - 10

1988

1989

1990

1991

1992

1993

50

49

47,5

45

51

56

66

58

52



Table 1. Trawl catch aad effort data with CPUE.

EffortCatch CPUKYear

1158

1970

1317

0.12

0.10

0.08

P 0.06
V

G.G2

25001500

Figure 8. Linearhaiiaa of the Schaefer madel and the best fit regressloa.

3. Using the a and b ooef5cients Som the linear regression as starting values, usc Solver to fit the non-linear
model  Figure 9!.  Note thc Sum of the Squared Residuals  SSR!.!

4. Using the best fit coefficients, estimate MEY and the recomutctaied level of effort to achicvc MEY.

'5. To R the linearized Fox model, determine the ln CPUE!  Table 2!, and then linearly regress ln CPUE! versus
effort  Figure 10!.

1988

1989

1990

1991

1992

1993

1994

1995

1996

50

49

47.5

45

51

56

66

58

52

623

628

520

513

661

919

G,G80257

0.078025

0,091346

0.087719

0.077156

0.060936

0.056995

0.029442

G,039484



Table 2. Trawl catch and effort data with the ln C FVK!.

Year Catch Effort ln CFVE!

-2.52252

-2.55072

919

1158

1970

1317

70

50

40

V
30

20

10

Figure 9. No~asar Schaefer model hest fit to the catch aad effort data.

6. Using the c and d coefficients  rom the linear regression ss starting values, use Solver to Gt the non-linear
model  Figure 1 1!.  Note the Sum of Squared Residuals  SSR!.!

7. Using the best fit coefficients, estimate the MBY snd recommend level of effort to achieve MEY.
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1988

1989

1990

1991

1992

1993

1994

1995

1996

50

49

47.5

45

51

56

66

58

52

623

628

520

513

661

-2.393 1.0

-2.43361

-2,56193

-2.79793

-2.86479

-3.52535

-3.23187



EBort

-2.60

-2.80

0 c' -3.00
-3.20

-3.80

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

70

50

20

10 Figure l l. Non-Hnear Fox model best fit to the catch and effort data.
VII- 13



Exercises

Given the following catch and effort data for the trawl fishery on this pelagic fish species for the
period 1976 to 1995,

Catch Effort

�0 kg!  lO,OGO days!Year

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 Y«y and fME> for both models, compare graphic and empirical estimates.
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1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

104

282

348

507

548

602

584

542

521

487

472

416

298

150

72

81

60

82

75

71

0.13

0.28

0.39

0,51

0.72

0,98

l. 12

0,96

1.03

1.09

1.15

1.22

1,32

1.50

1,52

1.53

1.56

1.58

1.60

1.62
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STOCK AND RECRUITMEIVT

Joseph T. DeAIteria
University oC Rhode bland

Kingston, RI

In troduction

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:

SC II ~ CLSS.

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, stack-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, asyrnptotes, and can eventually
fall 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 arrd Recruitment

Spawning stock is measured by the following;

1. Number of females alive at each age times fecundity at age,



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:

l. 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 �975! proposed some basic tenets for the S-R relationship;

1. The curve inust start at the origin, that is at S�!, R�!.
2. At no point after S�! will there be a R�!  Le. 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 S  when R

and S are in the same units!, otherwise stock collapse would result from any perturbation
to the system.

Beverton-Holt Model

The Beverton-Holt S-R relationship �957! is based on the assumption that juvenile competition
results in a mortality rate that is linearly dependent upon the number of fish alive in the cohort at
any time.

where N is the number alive in the cohort at time j,
q is a density-independent mortality rate, and
pN is a mortality rate component that is proportional to the density of the cohort at time t.

The Beverton-Holt S-R relationship is asymptotic. If R and S are in the same units and R = S at
replacement  S,!, then:

where 3 is the shape of the curve and has values of 0 m 1  Figure 1!,

If R and S are in different units, then:
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R � 1 u+ S � � SM P

where P= 1-A and
u= A/S,.

Note that as Sm ~, R = I/a

1.4

1.2

1.0

0,8

0.6

0.4

0.2

0.0 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Figure 1. The Bevertoa-Holt $4 relatioaship with chaugiag values of A.

Ricker Model

The Ricker S-R relationship �954, 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.

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
 q + pS! is the mortality rate for the cohort.

The Ricker model
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where a is the recruits per spawners  R/S, the slope! at low stock sizes, and
/is 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
replaceinent level  R = S! and S�= lnafP

2400

2000

1600

R 1200

800

400 0 200 400 600 800 1000 1200 1400 1600
Figure 2. Tbe Rlcker S-8 re}atlonship at various a and b vaiaes.

Shephard Model

The Shepherd S-R relationship �982! is a more versatile form of the S-R  Figure 3!. It can
accommodate both the Beverton-Holt and Ricker S-R relationships:

where a is the slope at the origin,
@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  P measures the power of the density dependent effects to
compensate for changes of stock size. If P   1, recruitment continues to increase when biomass
increases, indefinitely. If P = 1, then at large stock sizes density dependent effects compensate
exactly for increases in biomass, leading to asymptotically constant recruitment. If P ! 1, the
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density dependent processes are so strong that they over-compensate for changes in biomass,
leading to dec~ 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.

figure 3. The Shepard S-ll relationship at various u X', aud P valueL

Estimation of S-R Parameters

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

Sg' p+&

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

y = ar+b

where y =S/R
a=slope= u
x=S

b = intercept = P

0.10

0.09

0.08

0.07

0.06

R 005

0.04

0,03

0.02

0.01

0.00

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

S



The a and P parameters are estimated by regressing S/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 stack recruitment data, solve for tr and P using both the hnear and non-linear
methods of the Beverton-Holt modeL

StockYear Recruitment S/R

The data are fit to a hnear model using a regression of S/R versus S  Figure 4!. The values of mand Pare obtained
directly Rom the slope and y-intercept values where n= a and P= b. Therefore, a = 0.1319 and P= 0.1824. Non-
linear regression is performed using Solver in Microsojf Excei and the linear regression panImensr values as starting
values. The new parameter values are a= 0.1262 and P= 0.2167. The Beverton-Holt model is graphed onto the
original data using the non-linear regression parameter values  Figure 5!,

2.0

g 1.5

1.0

0.5

0.0

0 10 15

Figure 4. Application of S-R data ln the llaearized Bevertoa-Holt S-R relationship.
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1

2

3

4 5
6

7

8

9

10

11

12

7.4

4.5

13.2

14.6

7.0

3.1

7,7

10.7

8.6

15.4

2.0

7.1

6.4

6.4

7.0

7,7

7,0

5.4

6.1

6,8

6.0

6.2

3,5

1,239

1.156

0.703

1.886

1.896

1.000

0.574

1.262

1.574

1.433

2.484

0.571



8.0

7,0

6.0

~ 5.0
6

4.0
2

3 0

2.0

1.0

0.0

10

Stock
15

Figure 5. Applicatioa of S-R data itt the Bevetoa-Holt $4 relationship.

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

jn +g> j = ln u � Q.

In the rearranged form, the Ricker S-8 relationship conforms to the basic linear model:

where y = In R/S!
a = slope = P
x=S

b = intercept = Ina

The mand /parameters are estimated by regressing In R/S! against S. After taking the anti-ln of
Ina, 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.

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

VIII - 7

The data are fit to s Imesr model using s regression of In R/S! versus S  Figure 6!. The value of a is equal to the
inverse In of the y-interest¹, therefore a= e ' ' = 2.1016. The value of /is equal to the negative slope, therefore, P
= 0.1071. Non-linear regression is performed using Solver in Excel and the linear regression parameter values as



starting values. The new parameter values are a = 1.9704 and P= 0, l015. The Ricker model ts graphed onto the
original data using the non-linear regression paratneter values  Figure 7!.

1,0

0.5

0,0

-1.0

-1.5

Figure 6. Application of S-R data iu the Iineariaed Ricker S-8 relationship.

8.0

7.0

6,0
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0.0

201510
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Figure 7. Application of $4 data in the Ricker $-jl relationship.



The general form of the Shepherd model is:

Shepherd suggest values for P of slightly less than 1 for pelagic fish, about l for catfish, and
greater than l for those species which cannibalism is believed to be significant. The value of a is
estimated by drawing a straight-line through the origin and determining the slope of that line,
The parameter K 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:

Spawning Stock-i'er-Recruit and Steady State

1.4

l.2

1.0

0.8

0.6

0.4

0.2

0,0

0.0 2.00.5 1.0 1.5

Figure 8. Intersection of SSBPR fuiictioas at voriouI ibhiog mortality ievell  F!, with o
Bevertoo-Holt S-8 relationship.
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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  F!. The intersection of these straight-line functions representing various levels of
fishing mortality with the S-R curve represent equilibrium points  Figure 8!.



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 I
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. At a
fixed exploitation rate the stock will return to that intersection point.

1.2

1.0

R 0.8

0,6

0.4

0.2

0.0

Figure 9. Two-stage Iife history trajectory basel oa the intersection of S-8 and SSSPR
reiationehlpL

Environmental Effects on the S-R Relationship with Exploitation

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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Exercises

Blue CrabYellowtarl FlounderSalmonShad

2.81.619561501921 0.5 4.81957228
l922

1958 0.30,2
199701923

1959811061924 0,31960 0.5
1611621925 0,119612531926 0.21962162871927 0.41963 0.5
2631091928 8.60.21964159

1929 0.41965 3.7
1171930 0.81966 3.1
258871931 0,51.61967254741932

1968 15.2
219971933 1.51969 1.5
1261451934 17.81970 4.7
1251935 7.119711351371936 7.52.119721331261937

1973 0.1
1591231938 0.70.11974183711939

1975 0.7
86881931940 212

50.3 5.70.11976 25.55793188' 2841941 6,318.0 57.1 0.2197769631561942 237

1943 229

1944 200

0.220.1 6.41978 11.915092135
0.714.1 0.41979 13.5

1980 9.2

1981 6.7

77 114113
12.30.450.5

6683 1261945 123 9.30.626.8821031946 101 23.8 0.611.6198277129 48751947 10.556.2 0.41983 12.9751141948 4,50.320.41984 12.4

1985 16.4

1986 11.4

1987 3.3

1988 2.7

1989 3,8

1990 2.6

971949 75
0.27.4

801950 65
9.4 8.50.6

891951 12.717.3 0.4

6.3 3.8
1952 120 128

17.1
1631953 74

1954 77
24.34,56.2

166

1955
1 1.317.2 7.1

16959
1991

1956 138 151
16.86.62.2

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.
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APPENDIX 1

INSTRUCTIONS FOR YIELD PER RECRUIT TABLES



CHAPTER VI - YPR AND SSBPR Tables

For example, to calculate Table 1, set cell C4 to 0.5 and to calculate Table 2,
set cell C4 to 2.

A1-2

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

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







APPED DIX 2

AVSWERS TO EXAMPLES

A2-1



CHAPTER II - MATHEMATICS AND BIOSTATISTICS REVIEW Example 3

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

The coeffl ent of variance  C, V,! can be calculated by using the equation
C.V.= > therefore C.V. = 3.4/17.5 = 0.08,

The mean, standard deviation, and confidence level can be determined directly in Excel.
Go to Tools, Data Analysis, Descriptive Statistics, select the input and output ranges
and check the boxes for Summary Statistics and Confidence I evel for Mean.



CHAPTER II - MATHEMATICS AND BIOSTATISTICS REVIEW Example 3

These data can be plotted as a length-frequency histogram and the mode of the
distribution is evident at 17 crn.

4

C PF
LL

1615 17
Length  cm!

18 19 20

A2- 3

If the data are grouped into integer categories  e.g. any value from 17.0 to 17.9 }s
assigned to integer category 17!, then seven groups emerge.



CHAPTER II - MATHEMATICS AND BIOSTATICS REVIEW Exampie 5

Consider the estimation of a wetght.length relationship fora given species of fish.
The general model Is ss follows:

W=aj'

where W ~ the weight In grams
L = length in centimeters
s ~ a unit conversion coefficient
b = the volumetric expansion coefficien

The function is iinsarlzed by taking the natural logarithm of both sides of the equation

In W = h a!+ be In CJ

> = a'+b'rwhich I ~ analogous lo the linear model:

Given the following dale, estimate the parameters a and b for this IIsh species.

10

Ini

Fram Tools, Data Anafysle, Regression:



CHAPTER II - MATHEMATICS AHD BIOSTATICS REVIEW Example 5

The y-intercept = Ina. therefore a = e = 0.005545
The elope = b, therefore b ~ 3. 1 273
The final value of the rarnatara in the model are: 3" 3

70

60

50

Z 40
ta

g 30
20

10

0 0 10 2015 25

Length



CHAPTER III - GROWTH
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-al age.

25

20

0

20 30 40 50 60 i0 10

Mean Length

From Tools, Data Analysis, Regression:
SUMMARY OUTPUT

R reeerbn

VA

M F PSS
Regression
Residual
Total

1 60.483158'I 8 80.48315818 102.0398938 0.00 I$404$2
4 2,3 70177155 0,592544289
5 62,83333333

Interoept 22.80493425 1.787153435 12.8485894 0.000224958 17.64299058 27,58887793 17.84299058 27.5688779
X Vsrfable 1 4,397130747 0.039314118 -10.10147977 0,000540452 4,508284457 4.287977038 4.508284457 <.28797r

15

10

5

Multiple R
R Square

djusled R Squae
Standard Error
Observsttona

0, 980957873
0.952278348
0. 952847935
0,769768984

5

t Sfaf P-value LrarNw 95% U 95% Lower 95.0% LI 95. 0%



Example 1

Nonlinear Method

-10 10

CHAPTER lit - GROWTH

20 30 40 50 60 j
r



CHAPTER lll - GROWTH Example 1

L,
%.491 991597

-0.4
22.61

57.47519802L�
CI,491 991597fo

To plot the vcn Bertalanffy CurVe. Create a Sensa of
ages  t! and solve for L, using the von Bertalanffy
equation and the parameter values obtamed from
Solver. 0 2 3

4 5
6
7

8 9
10
11
12
13
14
15
18
17
18
19
20
21
22
23
24
2$
28
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
4S
48
47
4S
49
50

0
9.926005937
25.'l 316262
35 47468461
42.51016592
47 .29579077
50. 551 03433
52.765292 $S
54.27145996
55.2959742
55. 992661 98
56,46889397
5$. 78933864
5T.00886629
57.15765714
57. 25933867
57. 3283677'1
57 37532216
57.40726117
57 4269885
57.4437S435
57. 45381843
57.48065399
57.46530496
57.46848885
57.47082061
57.47208441
57.4730801

57.47375738
57.47421808
57.474S31 45
57 47474481
57.4748898
57.47496823
57. 47505532
57.4751009S
$7. 4751 31 99
57.47S1531
5T.47516747
57.47517724
57,47518388
57.47518SI
$7.47519148
57. 47519357
57.47519499
$7,47519598
$7.47519662
57 4751 9708
57.47519737
57,47519757
57.4751 9772
57.47519781



Example 1

Microsoft Excel 8.0a Answer Report

Worksheet: [Example 2.xts]Example 1
Report Created: 3/27/00 2:28:05 PM

Target Cell  Min!
Cell Name

1,78 0.97

Adjustable Cells
Cell Name

A2-9

CHAPTER III - GROWTH

$F$85  L Obs L pred!

$D$90 K After Solver

$D$91 L �After Solver

$D$92 f  ! After Solver

Constraints

NONE

Original Value Final Value

Original Value Final Value

0.4000 0,3853

56.51 57.47519802

-0,495 -0.491991597



CHAPTER III - GROWTH Example 2

Example 2: Given the following set of age and length data where length represents the mean of a large
number of hsh measured st each aga, use the Ford-Walford plot method to estimate K and L

60

55

50

45
L»r

40

35

30

25

20
20 40

L,

F rom Toota, Date Analysis, Regression:
SUMMARY OU UT

Multiple R 0. 99885557
R Square 0. 99332292
AdIusted R Square 0,991SS385
Standard Enor 0,64189875
Observations 6

ANOVA

1 245.15S2078 245.1652078 595.05432 1.87551 &05
1,548f 25758 0.412031439

5 248.8333333

intercept
X Variable 1

16,9359129 1.186584037 15,95634121 9.014E45 15.64142087 22,2304052 15.54142087
0.8888882 0.027337453 24.39394021 1.675 E-05 0.590987103 0.74276929 0,590957103

22.Z3 
0.742769

Regression
Residual
Total

r -value Lower 95 U 95 Lower,0% U r 95.59'



CHAPTERltl GROWTH Example 3

Nondlneer Method

10 15 20 25



CHAPTER III - GROWTH Exampie 2

42 - 12



Example 2

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

Target Cell  Min!

0.971,81

Adjustable Cells

A2- 13

CHAPTER Ill - GROWTH

Celi Name

$F $101  L.b.-L ...!'

Cell Name

$D$106 K After Solver

$D$107 L �After Solver

$D$108 t, After Solver

Constraints

NONE

Original Value Final Value

Original Value Final Value
0.4050 0.3854

56.88 57.47507346

-0.476 -0.491986901



CHAPTER IV - ESTIMATION OF MORTALITY RATFS Example 2

Consider a population of N > = 1,000 fish at the start of the year. At the end of the year,
N, = 358 fish. Ourlng the year, 321 fish were caught. Calculate $, Z, A, U, F, and Itf
during the year.

A2- 14



CHAPTER IV - ESTIMATION OF MORTALITY RATES Example 3

Perform a catch curve analysis using the catch-at.age data for striped bass  hforone aaxatffla ! on the
Atlantic coast from Maine to North Carolina  both landings and discards! reported by the Atlantic
States Marine Fisheries Commission.

plot the Ln Number of fish! against lime using only the
full recruited a ea ea 4 and u

oNat Used a Used,



CHAPTER IV - ESTIMATION OF MORTAt.ITY RATES Example 3

F om Tools, Data Analysts, Regression:
SLIMMARY OUTPLIT

R ressroit Stattsttcs

ANOVA
SS MS F St ntttcance F

1 37.25284748 37 25284748 161.1146009 1.71996E-07
10 2,312195822 0,231219582

39 5850431

Coetftoertts Start dard Error t Stat
Intercept 9215531611 0406442282 22.67365387 627385E-10 8.309921616 10.12114181 6,309921616 t0.12114161
X Variable 1 -0.510401237 0 040210944 -12.89309265 1.71998E47 -0.599998819 %.420805855 -0,599998819 0.420805655

The CCA suggests that average total rnortaltty In 1998 on fully recruited cohorts is 0.51  abeo ute
value of 41.5164!, The Attantlc States Marino Ftshertee COmmleelen aasumed ~ natural mettal ty M
of betvveen D,15 and 0,2. Therefore, flshlng mortality, F, was estimated to range from D.31 to 0.36.
The fisheries management target I ~ set at F ~ 0,31.

A2-16

Multiple R
R Square
Ad]usted R Square
Standard Error
Observations

Regresstort
Res dual
Total

0. 970339958
0.941559633
0.935715597
0 480852953

12

P-vatoe Lower 95% U 95% Lower g5.0% U r 95 0%



CHAPTER IV - ESTIMATION OF MORTALITY RATES 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 individual years of tagging were used to determine
annual exploitation rates. The results of this study are shown in the table below. Given this
information, calculate fishing mortality rate for each year, assuming a natural mortality rate of M = 0.15.

Year Number Number Rate of Solver
Ta ed Reca tured loitation loitation

A2 ~ 17

1988
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

5797
5680
8836
8436
5741
8138
9126
8177
7533
5307
6221
8102

«94
1356
1727
1235
toee
«09
1842
1708
1974
963
997
1885

0.21
0.24
0,25
0.19
0.19
0.18
0,20
0,21

0.28
0.18
0:16
0.27

0,20918553
0.23996242
0.2499764
0.1895022
0.1895022

0, 17962501
0, 'I 9935631
0.20918553
0.25996883
0.1 7962501
0.1598088

0.26995943

0,25431598
0.29789718
0.31217705
0,22751774
0.22751774
0.2143288

0.24084856
0,25431598
0.32686111
0.2143288

0.18836771
0.34175474



Exar~pie 5CHAPTER IV - ESTIMATION OF MORTAI ITY RATES

A sample of 1 000 winter flounder were tagged ln Narragansett Bsy In the winter of 1990. Returns
from those tapped fish from 1991 to 1994 are shown ln the table below. Determine estimates of
total mortality  Z! and flshlnp mortality  F! over the time Period, assuming a natural mortality rate
of 4f i  !,I,

The aoluticn tO thea eXample is similar tp the CatCh Curve Analysis.
Pot the natural I Of reCa ea a Sinai time,

6.00

5.00

g 400
3 00

a 2.00

1.00

0.00

0 2 3
Year

From Tools, Data Analysis, Regression:

Aasumlnp Al e 0., ng crtallty ls using lhe ~



Chapter IV - ESTIIHATION OF uIORTALITY RATES Example 6

Solve for iaaf using the time series of effort and total mortality data In the kingfish fishery ofr the coast
of Thailand from 194tt to 1974.

To solve, plat the values of Z against effort using the equation

I~ +Af

104 6

f tfok II1000 dttya!

From Tools, Dele Analysis, Regression:
SUMMARY UTPUT

OVA

1 3.138434444 3.135434444 22.92811452 0.003038798
8 0.820785555 0.138794259

3,9572

tnteroetrt 2.052953774 0.27S59031 7,422383317 0.000307S41 1,375181171 2.729748378 1,378181171 2,72974837
X Vartebte1 0.2440881 0.05097581 4.758331079 0.003038798 0.119355183 0.355821018 0.118355183 0.38882101

Multiple R
R Square

iusted R Square
Standard Emr
Observsgons

Regression
Residual

otal

0.890274855
0. 792589317
0,758020889
0. 38985708

8

3
4

2

f -vsfm Lower 95% U 9 Lower .0% tj 95.0%



CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS Example 1

Catches by length  cm! for a mesh cover and an experimental cod-end �2 cm, diamond meshl sre
shown In the tab4 below. Salve for L aa, selection factor, selection range, and the parameters
c and  t that de Inc the LCDF.

lct the prcbability Capture   againat length and eStlmala L aa ram the plct.

t,25

1 00

0.75

I 0.50

0.25 0 10 20 30 40 50 50 TO 80 90
Length  cm!

Graph eely, the L w I ~ estimated tc be 40 cm.
L as end l. rs are estimated to be 30 and 50 cm, reapecllvaly

A2 ~ 20



CHAPTER V - SELECTIVITY OF MARIHE FISH HARVESTIHG GEARS Examoia 1

4

a. 0

c .2

Length  cm!

from Toola, Data Analysis, RatIreaalon:



CHAPTER V ~ SELECTIVITY OF MARINE FISH HARVESTlNG GEARS Exxrnpla 1

Before Solver
Cod-and Sum Observed Expected Squared

Raco P P drfferenosa

After Solver
Expected Squared

P d Ifferencea
Length

cm

Q. QQ 7 194353Sum . ~Q.Q6253780TSum

Use the new values to ot the selecttv curve.

1.20

O.eo

0.60

0.40

0.20

0 10 20 30 40 50 60 70 80 90

Length  cntj
Expected ~ Observed

10
20
30
40
50
60
TQ
80

10
19
75
200
100
2

0 Q

0 1
25
200
300
198
50
5

10
20
100
400
400
200
50
5

0.0000
0,0500
0 2500
0.5000
0.7500
Q. 9900
1 0000
1.0000

0 0006
C.0067
C.0759
C.5000
C.9241
0.9933
0.9994
1. 0000

3. 0 5564EOT
0.001875509
0.030325373

0
0.030325373
1.09372E-QS
3. 05584E<7
2. 0609 TE-09

0.0200
0.0700
0.2171
0.5051
0.7898
0.9328
0.9807
0.9947

0. 000401 76B
0 000401292
0 001084296
2. 842558-05
0 001588964
0 003294843
0 000370641
2.81268E-05



CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS
EXAIVIPLE 1

Microsoft Excel 8.0 Answer Report
Worksheet: [Chapter 5- Selectivity Examples,xls]Example 1
Report Created: 5/10/00 9:48:25 AM

Original Value Final ValueName

$I$136 0.062537807 0.007194353Sum Sq,

Adjustable Cells
Cell Name

$H$139 L M After Solver
$H$140 a2 After Solver 0,25 0. 1 30337844

A2 -23

Target Cell  IVlin!
Cell

Constraints

NONE

Original Value Final Value

40 39.84223301



~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ I

CHAPTER V ~ SELECTIVITY OF MARINE F'ISH HARVESTING GEARS Example 2

Nets A and B have mesh sizes of 8.1 snd 9.1 cm respecdvsly, Catches fram these two nets are
~ hawn In the tabl ~ below. Determine the seiectlvlty parameters ~ and b, the L ~ for both nets,
the standard deviation and selection factor. Plat the results vsing the NPDF model,

400

0

15 19 21 23 25
Length  cm!

~Net A ~Net 1

17 27

Ta determine the sel ' ramate', Iat In 8/A ainst I

tan 9th  cm!

cs 300

~ 200

100
Z

2

at 0
X 2



CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS Example 2

From Tools, Data Analysts, Regression
SUMMARY OUTPUT

Re resaron Statisrr'oa

ANQVA
SS JWS F S nr7lcanca F

1 54.19411688 54.19411688 1267.585532 3.71483E-06
4 0.171015259 0.042753815
5 54.36513214

COerttcienta Standsror Emr I Stat
intercept -38.98825433 1.066038044 -35.71003356 3.67048E-06 -41,02805657 45.10845209 41.02505667 -35,10845209
X Vartattte 1 t 75977481 0,049427473 35.80318744 3.71463E~ 1.82254188 1.897007561 1.62254168 1.897007561

L~. standard deviation, and seiection actors are d allowing the method olt � !
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Multiple R
R Square
Adlusted R Square
Standard Error
Observations

Regression
Residual
Total

0. 9984259 22
'3. 998854321
0. 996067901
0.206789956

6

P-iralue Lower 95% U r 95% Lower 95.096 U 95.0%



CHAPTER Vl - YPR AND SSBPR Exampie 1

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

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

axirnize yield  F ~.

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 rr  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 f, = 3 and Example 1  tc=5!
iswhent, =5.

The problem answer can be found in the Conclusion worksheet.

A2-26



CHAPTER Vl - YPR AND SSBPR Example 1

Bevart an-Hoif
Yield Per Recruif

YPRY2-1 Y2-2 YieldY1

A2-27

0
D.Q1
0.02
0.03
Q 04
D.Q5
D.QB
0,07
Q.DS
0 QQ
0.1
Q.«
0.12
0.13
0.14
0,15
O.fe
017
0. 15
Q,19
0.2

0.21
0.22
0.23
0.24
0.25
0.26
0.27
0.2&
0.29
0.3

0.31
0.32
0.33
0,31
0.35
0.36
0.37
0.38
0.39
QA
0.41
0.42
0.43
0. 44
0.45
0,48

0
0 074061822
0,148153644
0.222245466
0.296327288
0.37040911
0. 444490932
0.518572754
Q. 592654577
0.655738399
0.740&18221
0,8 I 4900043
Q.B&8981885
D.963063887
1, 03T145509
1 . 1 1 I 227331
1. S5309153
1.259390975
1,333472 T&7
1.407554& 9
1.<& f 838441
I 555718263
1 . 629&OOD&S
1 . 7 03&81908
1.77796373

1.852045552
1.925127374
2.000209198
2.07429101&
2,148372&&

2.2224&48&2
2 29M36411&
2.37081 8308
2.44470012&
2.51&7S195

2.592863772
2. 566945594
2. 74102 741 7
2.815109239
2,&8&19 I 061
2,983272SS3
3.0373S4705
3.111435527
3.1 8551 8349
3,2596001 71
3. 3335&1993
3.4077638 1 5

0
5,69T
10,742
15,220
19,207
22,766
25,951
28,&09
31,381
33,703
35,805
31,712
39,44&
41,033
42,484
43,815
45.040
48,171
47.215
48.188
49,0&T
49.928
50,71 Q
51.444
52,132
52.77&
53.386
53,969
S4,501
55,014

55,980

58,815
57,213
57,592
57,954

5S,B31

59,253
59.548
59,&27
SD,C97
60,357
60,607
60,648

0
7,408
14,&1 6
22,225
29,633
37,D41
44,449
51, &S7
59,255
86, ST4
7 4,0&2
8 1,490
88,898
96,30&
103.715
1 11,123
118,531
12S,939
133,347
140,755
14&,154
1 55,572
182,980
1 T0,38$
177,796
f 85~
1 92,813
200.021
2QT,429
214,837
222445
229,854
237,082
244,470
251,878
2592M
288,895
274,103
2S1,511
288,919
298,327
303,735
311,141
31S,552
325,960
333,368
340,776

8,173154759 W 45465671 1.80679757 1 -0.23813967
T.e&97$4893 <.26376222 1,771426525 4.232&14
7.249760743 -5.12278197 1.737407282 4,2295&f36&
6 &46456M ~.97O9309 1.704854593 4.22643591
6.4817815&9 -4.82749&65 f,&731 28693 4.22337811
S.148122227 %.891 &41& 1 &42734648 -0,220397&8
5.8382S2785 ~.56337582 1,61342203S 4217498
5.55$L4I043 %.44157072 1.5851345&9 4.21467344
5.29505836 A,32594352 1.557819739 4,21192128
5.054960533 A.21605473 1.531428518 O.20923879
4.833133M O,«1502&7 1.506915082 -0,2DM2335
4,&278292SS A.01192 f 54 1.4S1238567 -0.20407249
4A37481349 4.91697546 1,45'735279 O.2D158383
4.260693474 -3,82835755 '.434226138 -0.'f9915614
4,D96218893 Z.7397&61 3 '.4«&212S2 419878427
3.9429430&4 -3,65700252 1.390105047 4.1944891&
3,799868337 -3 57776&&4 1.36904&249 4.19220792
3,6M100525 4.501 &6604 1,348815549 4.18999865
3.540&37109 -3.4290922 1.3287&6317 4.187&3959
3423356&&5 4.35926089 1.309529512 4.18572904
3,313010&45 Q.2921 9982 1.290823571 4.18386539
32092141 SQ 422774967 1,272644309 4, 1 &15471
3.«1439«S Q,f6578244 1 254969817 -O.'IT967288
3.019208881 4,1061014 1,237779MB 4.17774072
2.932092014 D.04&&3925 1.22'f053415 4.17SS49&8
2.&49&QT599 -2.9932576S 1,204773351 4.17399Mt
2,771870958 -2,93984S82 f. 1 &8921&1 -0.17218833
2.697889838 .2.8883035 1. 'f 73481 51S -O.f 7041 t 21
2.6274610&4 -2.&3&53283 1, 1 58437258 4. 1 8867233
2.S80717531 -2.79044469 1.143773807 4.1MQB&57
2A97215562 -2.7439561$ 1.129478894 4.16529888
2A38732554 -2.69698898 1,115532961 4.163M228
2.379064S78 -2.65546992 1.101929071 4.1620S773
2.324028007 -2.61333041 1.Cf&86521967 -0.'1604S435
2.27144487 -2.5725081 1.075692938 4,15894124

222«&4346 -2.53293&54 1.063037&31 4.15742751
2.'l73039953 -2.4945S491 1.050577013 4.15594235
2.126938651 -2A5733T75 1.038600339 4.1544&494
2.082737787 -2.42'20471 f,026798123 4. 153DS4&2
2.040324139 -2,38611834 'f,015261'118 4.15185035
1.999593053 -2.3520339 1.003980479 -0.15027172
1.960447727 -2.31890912 0,992947782 4.148Q1792
'l 92279S41& -22867041 0.9&215488 4.1475S829
1.SS65& f921 -22553&109 0.9715941 4.1482&22
1.851 MD&&2 -2.22480438 0 851255013 4. I44&Q&02
1.818023699 -2.195240t7 0.95«39524 4.14373818
1.78558325S 2.16635512 0.941231835 4. 14249&D4

0
29,223
53,&SS
74.S&0
9',981
1 06,5S3
11$,71 8
12 $,830
137,20'I
144,088
149,714
154,2M
157,908
180,775
'I &2.9&4
184.637
1&5,&17
166,599
187,043
1&7,203
1&7,124
'f M,&45
1 6&,398
185.813
1&5,112
1&4,318
163,443
1&2.508
tef,524
160,MO
159,447
158,372
157,2&3
156,183
155.079
153,974
152,872
151,775
1SO,S&6
149,807
14&,539
147,484
148.443
145,417
f 44,405
143,410
1 42,431

0
0.2922257&3
O. 538$48007
0.745801 ISA
0.91 9&t 043'I
1,0&55252&8
1.1871801+
1.2&&302975
1,37200&095
1.440&&1049
1AQ7138213
1.5428&429
1.ST&ST &128
1.$077451 91
1. &28&42827
1.848388208
1. &5&1 73812
1,&MQ&70$1
1.&7042&&&8
1. 8720291M
1. &71240279
1. M&44lf408
1.&&39&321 9
1. &$812&113
1, $51117257
1. &431815&3
1.8344:f389&
1.82508324$
1.81 823&848
1.&0&002251
1.89447267$
t. 5&372432 1
1.572828387
1.8&183141&
1.55079004$
1.539741 36&
t. 828719115
1. $17751 588
1,508&8232
1 AQ&0709$7
1 A& &3&3881
1,474843819
1 A&4431 &4
1.4&418897
1A4405351 5
'I A34099613
1.424307787



Example lCHAPTER Vl . YPR AND SSBPR

A2 ~ 2B

0.47
O. 4$
0,49
0.6
O. 51
D. 52
0.53
0. 54
0.55
0 56
0.57
0.5$
0,59
O.B
D.el
0.62
0.63
O.S4
0.65
0.66
D.er
O,SS
0.69
0.7

0.71
0.72
0.73
0.74
0,75
o.re
0,77
0.78
0.79
0.$
0.81
0.$2
0.$3
0,84
0.85
0.$8
0,87
0,88
0.89
0.9

0.91
0,92
0.93
0.94
0.95
0,96
0.97
0.96
0.98

1
1.01
1,02
1.03
1.04
1,05
'I,DS
1.07
1.0$
1.09

1.11
1.12
1.13
1.14
1,15
1.18
1.17
l,fe

3,481545637
3.556927459
3. $30NN2$1
3.704091 f 03
3. T76172925
3. 652254 7 4$
3 92633657

4 000416392
4.074600214
4.148562036
4.222663656
4.29874568
4.370527502
4. 444909324
4. 51$991146
4. 593072958
4.66715479
4.741236512
4.$15316434
4.6$9400258
4.963462079
5.037563901
6.111645723
5,165727545
5,259809367
5.333691 f $9
5.40797 3011
5 482054633
5.5561 36655
5.630215477
5. 704300299
5.776382121
5.852463943
5.926545766
6,000627SBS
e.orir 0941
5.148791232
6~$73054
ez96954$78
e. 37103669s
6.44511 852
6. 519200342
6.5932821 64
e.657363966
6.741 446606
d. $1552763
e.sabe08452
6.963891274
7.037773098
7.1 11 SS4919
7.185936741
7.26001 8563
7. 334 1 00385
7 Ioe1 $2207
7.442NCiSI
7.555345661
7. BXI427573
7, TOIIMQIQS
7.778591 317
7.$52573139
7.926754981
5,000S38783
S. 074918605
$. f 49000427
8.22308225
5297 1 64072
$.37 f 248694
$.44632771e
8.5 f 8409538
8.593491 36
$.687573152
8.741655004

61,081
61,306
61,623
el,733
61,935
62,131
62,321
62. 505
62,$84
62, 856
63.024
53,1$7
63,345
$3,498
B3,647
83, 792
63,933
84,071
64,204
64,334
64,461
64,584
64, 704
64,$22
64,930
65,047
65,156
65.253
65,366
85,46$
65,587
65.663
65,75$
65,$50
65,841
$6,029
ee,lie
66,201
$6.284
58,365
66,445
SS,522
6$,509
85.874
66,747
ee,ela
88,8$8
88,969
67,026
87,093
67,1SB
67,222
67~
67,347
57,408
67,467
87,526
87,5$3
87,$40
67,$95
er,r50
er,$04
67,$65
67,90b
57,859
SS,01 0
58,0$9
58,107
S8.155

6$/49
$8,294

34$,1 S5
365,583
363,001
37D,409
377,817
365,225
392,B34
400,042
407,450
4f 4,658
422,266
429,675
437,0$3
444,491
451,699
459,307
466,715
474,124
461,532
486,940
496,34S
503.756
511,165
518,573
525,981
533.389
540, T97
54$.205
555,S14
563.022
570,430
577,838
5$5246
592,$55
800,053
607,471
614.879
822par
629,095
637,104
$44,512
851,920
659,328
S68,736
eri,lie
681,553
6$8.961
598,~
703,777
711,185
7 lb,594
726.002
733.410
740,$1$
748~
755.535
763.043
T70,451
777,SSQ
7$$+67
792,$75
800,064
SO7,492
Sf 4.900
$22,308
829,71 5
$37.12$
$44,533
851,941
869,349
868,757
674,168

1.754277369 -2,13622274 0.931525426
1.724047693 -2.11061031 0 922D23044
1.694$40579 -2.08409176 0.91270965$
1.6666Derfe -2.DBSD410$ 0.903562598
1.B39292854 -2.D326335B 0.894636242
1.612$60554 -2.00764566 0.685665303
1.687266158 -1.95365504 0 677264673
1.56247D576 -1.96004033 0.868829439
1,535437097 -1.9368S122 0.660554676
1 515131207 -1.91445634 0.852436436
I 492520436 -1.6924532 O $44468742
1 .470574206 -1.67094816 0 83665058
1.4492S3696 -1.64892637 0.626&74668
1.42$56172$ -1 62937171 0.$21438754
1.406442635 -1.60926676 D.614038405
1.368652176 .1.76980267 0.805770206
1.369S57428 -1.77035988 D.T99630647
1,361346703 -1.T515253 0.792616344
1,333329484 -1.7330S921 D. 785724029
1.315786252 -l,71503622 0.775950546
1.296098616 -1.69735546 0,772292649
1,28204904S -1.66003562 0.765747995
1.265820924 -1,6630654S O. 759313138
1.249998449 -f .54643464 0,752965529
1,234566609 -1.63013352 0.746762508
1 21 951 1 1 I 5 -1,6f 415162 0. 740SI1504
1.20461838 -1.59$46045 0.73462002$

1.190475442 -1.5$31104S 0.72$695673
1.1T6469954 -1.56803322 0.722565108
1.16278017$ -1.55324046 0.717129076
'I.149424654 -1,53672419 O.71146239
1.136363275 -1.52447675 0,705923934
1.123595204 -'t,51049073 0.700451655
1 .1 1 1 110859 -1 A96759 D.595003558
1,098900689 -f .4$3274$$ D.SS97S7737
1,06695534$ -'l.470031 18 0.6845323
1.075266571 -1.45702204 0.67838544
I .De.'%29665 -1.444241 14 O,B743154
1.052531477 -1.43168252 0.668320471
1.041666582 -1 41934043 0.654398997
1.030927764 -1.40'720932 D.658549369
1.020408104 -1.39528352 0.654770026
1,01 0100961 -1.38356874 0.65006i945
O.QQQQCIQQSQ -1.37202909 0.545416158
0,990098975 .1.36089001 0.540S36749
0.980392128 -1.349536s1 0.636325$
0.970873752 -1.33$50498 0.$31$75989
0.961538441 .1.32777009 0.627467941
D.952380838 -1.3'l714793 0.623160438
0.943396212 -1.30688437 D.e1$$922fe
0,93457842T -1 .29640544 O.ef 4582085
0.92S92591 6 -1 2$627727 0.610S2$606
D.917431184 -1.2783081 3 0,608431299
0.909090902 -12$64$639 0.602368424
0.900900895 -1,25882054 0.598399097
0.69265713$ -f 2472991 7 0.58446228
0.88496574$ -1 237920960.590576686
0,8771929TQ ~ f 22$66277 0.586741871
0,88QSLQf 5 -1,2 faeef I 1 O.SSI2956539
0.882068963 -1 21061 38 0.579219638
0.854700853 ~ 1.20177731 0.576530341
0, $47457625 ~ 1.1 9306877 0. 571 887744
0,840336133 -t,18446555 0.56$29OSSS
0.833333332 -1.17502493 0.564730147
0.5254402$ -1.18766433 O. S61231 451
0.$1987213 -I, 1 59481 2 0.557767059
O.S13005129 -t. 1 Sf 35306 0.5643461 75
0.805451612 -1.14335758 O,SRI9850a5

D.B .1.13S47235 0.54T82584
0.793050793 -1,12769514 0,644326CRIS
0.787401574 -1.12002375 0.5410674IT

0.75125 -1.11245802 0.537846807

-0.1412611
-O.f 400638
O. 1 3690663
4.13774907
-0.13661065
-0,13549069
-0.13436834
-0.13330555
-0.13223911
-0.13118959
-0, 1301 566
-0.12913975
O.f 2613867
-0, 12715299
4.12618238
4. 1 2522643
4, 12428486
4.1233573$
O. f 2244362
4.1215433

-0,12065612
-0. f 187616
O. 1 1$92008
O. 11807063
4.11723325
O. 1 f 540787
4,«559363
4,11479069
4.11399923
4.11321842
4.11244622
O.f 1 166544
4.11 093686
4.11019928
4.10948846
-0,10874927
4.10803549
O,10733894
-0.10664444
4.10596083
O.10528592
4,10461 955
4.103961 SS
4.103311 $1
O, I 0267012
4.1MD3636
4.10141038
4.10079201
-0,10015114
4. 099S7764
O 09898137
4.0983922
4,0975099Q
4. 09723464
O.OCI0$6602
4.095104

-0,0Ã54$4I!
4.09499938
4.09445651
4,09391 9$2
4.0933892

4.09288454
4.09234675
4.09183272
4. Oaf 32535
4.09082356
4.09032728
4.0$9$3635
4,08935075
-0. OS80703T
-D.O8539513
-0,08792494

141,46$
140,522
139,593
13$,680
137,784
l 36,905
136,042
135,196
f 34,365
133,561
132.752
131,969
131,201
130,447
129,709
12$,8$4
126,274
127,577
126,$94
126,223
125,566
124.921
124,289
123,66S
123,060
122,462
121,$re
121,301
120. 737
120,1$3
1 19,639
119,105
116,561
11 8,066
f 17,551
117,065
1 16,577
115.098
115,528
115,'lee
114,711
114.255
1 1 3,826
113,395
112,972
112,55S
112,145
111,742
111,346
1 10,957
110,573
110,196
109,825
109,4S1
109.101
105,74S
1 D8,400
108,058
107,721
107,389
107,062
106,741
105,424
105,112
1 05,505
105.502
f 05,204
104.910
'I 04,621
104, 336
f 04.054
103,777

1.414080702
1.40 5220131
1,395920904
1.3$880118'
1 . 377$42546
1. 309050074
1,38042243

1,351 957937
1. 34365403I
1. 335510320
1,327522820
1. 31 86$$999
1. 31200079
1.304473253
1.297085574
1.2$9$40894
1,282736325
1.2757$$902
1. 20$93590 1
1.202234247
1.25550112
1.249213008
1,242SS9071
1.238884545
1.230587347
1,2248247$
1.21 $784184
1.21 3012988
f 207388bf 5
1,201628577
1.1983II0433
1.1Q1051784
1.185810325
1. 150803749
1.175808038
f.f 70648421
1.108771379
f. f 00882847
1.15027821
1. 151056108
1.1471 1442
1. 142851291
1.138254802
1.133953i$7
1.1287'15322
1,125548731
1,121482082
1.117423780
1.113482295
1.109588102
f.105733741
1. 1 01 903783
1. 08$25484

1.094808557
1.08101401$
1. 087480739
1. 0$4002571
1.0$0579188
1 .0772081 39
1,07389f 33$
1. 070824873
1.06740805
1,0$42404116
1.0011207

f. 05$047928
1.055021088
1.052038250
1.0481 0148$
1. 048208821
I .04335443
1. 04054343
1.037772979
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A2-29

19
12
1 21
1. 22
1.23
1 24
1.25
1,26
1.27
1.28
1.29
1 3
1.31
1. 32
1. 33
1. 34
1. 35
1.38
1 37
1,38
1. 39
1.4
1.41
1.42
1.43
1.44
1.45
1,48
1 IT
1.48

1.5
1.51
1.52
1.53
1.$4
1,55
1.58
1.57
1,58
1.$9
1.6
1.61
1.62
1.63
1.84
1,$5
1.88
1.87
1.68
1.89
1.7

1,71
1.72
1.73
1.74
1. 75
1.76
1.77
1.78
1.79
1.8
1.81
1,$2
1.83
1.$4
1,85
1.88
1. 87
1,8S
1,$9
1,9

8.815736828
8.889818648
B. 98390047

9 037982292
9,1120841 14
9 186145938
9.260227759
9.334309581
9.408391403
9.482473225
9.556555047
9. 830635869
9.70471 8891
9.778600513
9.852882335
9. 9269641 ST
1 0. 00104598
10.075127$

10,14920962
10,223291 45
10,29737327
10. 3T 145509
10. 44563891
10.51961873
1 0, 59370058
1 0.66778238
10.7418642
10.81 594602
1 0.89002754
10. 98410987
1 1.03819149
1 1.1 1 227331
1 1. 18635513
1 1,26043695
11.3345187$
1 1.4085006
11.46258242
11.556T6424
11.63084606
1 1. 70492789
11.77900971
11. 853091 53
11.9271T335
12.00125518

12.075337
12.1494'f M2
12 22350064
12.29758248
12.3716&429
12.44574811
12.51882793
'12.5939097$
12.66799157
12,7420734

12.81615522
12.89023704
12.98431800
13.03840080
13.11 248251
13,186M433
13. 28064815
13.33472797
13,40880979
13.48289182
1 3. 55697344
1 3,63105828
13.7051 3708
13.7792189
13.85330073
13,92738255
14.00145437
14.07554619

68,339
68,3$3
6$,427
68,470
68,512
68,553
8$,594
68, 835
68,674
68,714
6$.752
68,790
68,82$
66.865
68,901
68,937
68,973
89,00$
69,042
69,076
89,110
69,143
69,178
69,208
69.240
69,2'T1
BQ,302
69.333
89,383
89.393
69,423
69,452
89,460
69,$09
BQ,S37
69.565
89,592
69,619
69,84S
69,672
69,898
69,724
69,750
89,77$
69,800
69.824
69,$49
69,873
89,898
89,920
89,943
69,958
69.9$9
70,011
70,034
70.058
70,077
70,090
70,120
70,141
70,182
70,183
70,203
70~3
70.243
70~
70,2S3
70,302
70.321
70,340
70,359
70,378

881,574
88$,9$2
898,390
903,798
911,208
918.815
928,023
933,43'1
940,839
94$.247
955,856
963,064
970.472
977,880
985,258
992,896

1,000,105
1.007,513
1,014,921
1,022,329
1, 029,737
1,037,148
1,044,554
1,051,962
1,059,370
1,086,778
1,074,186
1,081,595
1,089,003
1,096,411
1,103,819
1,111,227
1,118,838
1,128,044
1,133,452
1,140,860
1,148~
1,1S5,67$
1.183.08$
1,170,493
1,177,901
1,185,309
1,192.717
1,200,128
1,207,534
1,214,942
1,222,350
1,229,758
1,237.188
1,244,675
1,2S1,QS3
1259.391
1,268.799
1374WT
1281,816
1,289,024
1,298,432
1.303,840
1,31124$
1,318,S58
1,328,088
1,333,473
1,340,881
1.348WQ
1.356.697
1,363,108
1,370,514
1,377,922
1,3$S.330
1,392,738
1,400,146
1.40T,SS5

0,775193798 -1 10498957 0.534664282 O.08745973
0.769230769 -1 09762327 0 531519197 -0.08699941
0,783358778 -1 09035424 0 528410595 O OBB5439Z
0.757575757 -1 06318088 0.525338742 O.O6609317
0.751879699 -1.07610125 0.522302102 -0.08564709
0.746268657 .1.06911356 0.519300385 -0.08520581
0.740740741 -1.06221607 0.515332935 O.O&476886
0.735294118 -1.05540699 0,513399225 -0.0843361T
0.729927007 -1.04888465 0.510498864 O.OS390$07
0.724637881 .1.04204T41 P.SOTB30694 O.08348429
0,71942448 -1.03549365 0.$04794769 -0.08306477
O.T14255714 -1.02902182 0 501990353 -0.08264944
0.709219858 -1.02283038 0499216926 O.08223825
0.704225352 -1.01631784 0,496473976 -0.08183113
0.899300699 ~ 1.01008277 0.493761003 -0.08142802
0.694444444 -1.00392372 0,491077519 -0.08102887
0.889855172 -0.99783934 0.485423048 O.0808338
0,684931507 -0.99182828 0.485797116 O.08024218
0.680272109 O.9868891 7 0.48319927 -0.07985454
0.875675876 O.98002078 0.480629062 -0,07947062
0.67114094 O.974221&4 P.ITBOBBCe1 -O.O7909035

0.666666687 O.96849112 0.47556980$ -0.07871378
0,662251658 -0,96282743 0.473079914 O.07534071
0,857894737 O.9572298 Ã470815986 O.07797117
0.653594771 O.9516964S 3,468177531 O,07780511
0,849350649 O.94622696 3.465764245 O.07724247
0.84516129 O.94081995 J.463375711 -0,0768832
064'f025641 O.9354743$ 0,4610'l1549 O.DTB52728
0,638942675 O,93018921 0.45887'l389 O.0761746
0.632911392 O.92498343 0.458354887 O.07582518
0.8Z8930818 O.91979604 0,454061628 O.07S47S94

0.62S O.91488606 0.45179131 8 O.07S13586
0.621118012 O.90983255 0.4495438 -0.07479688
0.817283951 O.90483458 0,447318137 O.D7445898
0.813496933 O,$9989121 0.445114599 O.07412508
0.80975609S O.594801SS 0.442932685 O.07379415
0,6ÃiOIKi608 O.8%IQSISZ 0.440772017 O.07346817
0.602409839 O.&8518008 0.438632347 O.OT31411
0.598802395 O.BSI�4648 0.436513351 O,D7281SSQ
0,595238095 O,87S7832S 0.434414729 O.07240061
0591 715976 O.87112958 0.4323381SQ O.07218292
0.56623MQI O.86684469 0.43027744S -0.071S890S
0.5&4795322 O.86200781 0.428238218 O.07155798
0.5813953IQ O.$575'lS1$ 0.428218224 O,07124952
0.$78034882 O.85307508 0,4242172 -0,07094373
0,574712&44 -0,84$8777Q 0,422234877 O,07084055
O.S71428571 O.&443255Q 0.420270993 O,07033995
0.5681S181$ O.$4001781 0.41$325294 O,0700410
0.564971751 O.83575378 0.41639T52S O.O8974837
0,581797753 -0,83153278 0,414487448 O.08848331
0.568859218 O.82735423 0.412594811 O.05918271
O.Mi555'i556 O.82321745 0.41071938 -0,06887454
O,S624861$8 O.819121SI 0,408880921 O.08858S75
0.5494.~9 O.81506879 0.407019206 O.08830533
0.5464480ST O.6110S188 0.405194007 -0.08802423
0.543478261 -0.80707594 0.403385105 O.08774545
0.54054I,'541 O.80313898 0.401S92283 O,08748893
0.537834409 O,79924025 0,39981S328 O.06719487
0,534759358 O,79537918 0.398054325 O.06892283
0.5319148SI O.79155524 0.396308174 O,0666627a
0.529100529 O.T877679 0.39457757 O.0883SSD
0,$28315789 -0.78401882 0.392882018 O.06811958
0.523560200 O.7803009 0.391 181314 -0.06585813
0,520833333 O.TTBeaul 0.389475274 O.OBSSQIS
0,518134715 O,77297414 0,387803708 O.065335/13
O.S15483918 O.78938211 0.388146428 O,0850783
0.512820513 O.78578388 0.384503249 O.06482MQ
0.510204082 O.7622383S 0.3$28739QS O.08458984
0.$07814213 O.TS872578 0,381258496 O,06431863
0.505 Xi0535 O.T5524837 0,37985557 -0, IBICISQ34
0.502512563 O.75179676 0.375068045 -0.06362196

0.5 -0,7483795 0.378492785 O.0635'TSS

103,504
103,235
102,970
102,708
102,450
102,196
101,945
101,697
101,453
101,213
100.975
100,741
100,510
100,282
100,057
99,835
99,616
99,399
99,1$6
98,975
98.787
98,582
98.359
98,158
97,981
97.785
97,572
97,382
QT,'l94
97,ODS
98,824
98,$43
98,484
96468
96,111
95,938
95.787
95,SQQ
95,432
98/66
96,103
94,942
94,783
94,82$
94,469
94.315
94,183
94,012
93,883
93,715
93,570
93,42$
93383
93,142
93,002
92.884
92,727
92.592
92.458
92,328
92,19$
92,068
91,937
91,S10
91.8$4
91,560
91,437
91,3'1$
91,1QI
91,074
50, Mb
90,$39

1. 035642254
1,0323 50455
1,029496802
1.027080533
1. 024800906
1. 021957199
1,019440743
1.016474732
1.014534813
1.01 2127892
1. 009753328
1. 007410898
1.005890793
1,00281041 9
1.000569195
B. 99$348 $$4
0. 998156949
0.093993833
8,991 5 5565 3
0.989750982
0.987870229
0;QS$815931
0.983587d1 1
0.981584797
0.979407034
0.077853873
0.975724477
0.073819417
0.07193787$ .
6.976878440
0.048242132
0.96642773
0. 904838079
0.982$8370$
0.041113407
0. 90038308

0. 9$7474408
0. 0809$4893
4.9$431 $30$
0.952084012
0.961033288
0.94042841 5
0.947025892
0~240410
0.944000400
O.QINIQIIQ
0.941828373
8.0461 1821
0. 930427486
0.9371 $3831
0.93$898401
0.9342$3309
0,932028734
0. 931I1 8829
8. 03801944$
0,92$83$2$0
0.927271733
8.92$910444
0.924801771
0.923207099
4.92194701 8
0,92986131 1
4.010$401$4
8.91 $000233
0814$41203
0.91 $807001
4.914346499
QW 3148331
4.$11930304
4.01074401d
O.SOM51 51 7
4.00$300224



CHAPTER Vl ~ YPR AND SSBPR E'er.spic 1

A2- 30

1,91
1. 92
1. 93
1.94
1.95
1.96
1. 97
1.98
1.99

2

14 14962802 70,396
14 2237D984 70,414
14.29779168 TQ.432
14,37187348 70,450
14. 4459553 70,488
14 52003713 70,486
14.59411895 70,503
14.66820077 70,520
14.1422 8259 70,537
14 81636441 70,554

1,414,963
1,422,371
1,429,779
1,437,187
1,444,596
1,452,004
1,459,412
1,468,820
1,474,228
1,461,636

0.497512438
0.4950495Q5
0 492610837
o.49O19e078
0.487804878
Q. 485436893
0.48309 t 787
0.480769231
0. 4784689

0,476190476

-0 74499317 0.374930554 -0.06333291
-0,74163735 0.373381254 C.063091 16
<.73831*62 0.3T1844708 O.06285129
-0.73501556 0,370320752 4.06261322
-0.73174885 0 368809239 <.08237894
-0.72851102 0,367310015 -0.06214244
<.72530172 0.385822929 -0,0619097
-0.72212057 0.364347637 <.06167869
-0.71896721 0 362684593 -Q.D614494
-0.71584126 0.361433054 -Q.oe1221et

90,723
90,608
90,494
90,382
90,270
90,160
90,051
89,942
89.835
69,729

0,907230478
0. 90808210 t
0. 904944939 i
0,903818832
0.902703623
0.9015991 58
0.900808288
0.89942 1 884
0.898348742
0. 897288779



CHAPTER Vl - YPR AND SBSPR Exarriple 1

Beverfort-Holt
Yield Per Recruit

Y2-1 Y2-2 Y2-3Y2-0 YieldF FW�EXP� ..! Yt
0

0.01
0.02
Q.Q3
0.04
0.05
Q.QB
O.Q7
O.DS

0.1
0.11
0.12
0.13
O. 14
0,15
0.16
Q,17
0.18
0.19
0.2
0.21
0.22
0.23
0.24
0.25
0,25
0.27
025
0.29
0.3
0.31
0.32
0.33
0.34
0.35
0.36
O. 37
0.38
0.39
0,4

0.41
0.42
0. 43
0.44
0.45

0
Q. 060653066
0.121308 1 32
0, 181959198
0.2426 1 2264
0. 30326533
0.36391 S396
0.424571462
0,485224528
0.545877594
0.6 0853068

0.6671 83726
0.727836 T92
0, 168489856
0. 849142924
Q. 90979599

0. 970440056
1.03'1 'f 02122
f.o91755187
1. 'l 52408253
1.213061319
1.273714385
1. 33436745 f
1. 3950 2051 7
1. 4556 73583
1. 51 6326640
1.57e979rfe
1.637e32781
1.698285847-
1.758$380f3
1.81 9801 070
1. 880245045
1. 94089611 1
2,00 t 551177
2. 062204243
2.1228S7309
2.1 83510375
2. 244 t 53441
2.304S'f6507
2. 365489573
2 4261 22639
2.486775705
2.547428771
2.808081837
2,668734903
2. 729387969

0
4,455
8.438
12,005
1 5,207
18,087
20,682
23,025
25,145
27,069
28,817

31,883
33,194
34,414
35,536
36,569
37,524
38,407
39,225
39,986
40,896
41,358
41,974
42,553
43,D96
43.607
44,066
44,542
44,971
45,377
45,762
Ie,f 27
46,4TI
46,805
47, 119
47,420
4T,TQT
47.9St
48+44
48,496
48,737
4S,989
49, 182
49,408
49,612

0
5,065
12,131
18,'f96
24,261
30.327
36,392
42,457
48,522
54,568
60.653
66,71S
72,784
78,84$
64,914
90,980
97,045
103,110
109,178
115,241
121,306
127,371
133,437
139.502
145,567
f 51,633
157,6$8
163,763
169.829
175,894
1 81,959
tee,025
194,090
200,155
20e,220
212.288
2 t 8,351
224,41 6
230,482
238,547
242,612
248,678
254,743
280,808
266,873
272,930

7.768698399
7. 345000831
6. 955842598
6.597891757
6. 26816837
5. 9640051 7

5.583012192
5.423049024
5.182191598
4.958714101
4. 151064658
4 557847015
4. 377 8037 55
4.20980 1 581
4. 05281 7 823
3.905929017
3. 768300341
3.63917639
3.51787294
3. 403769612
3.296303345
3,194962574
3.09928204
3,008636155
2.923244883
2, 842149947
2.76523172
2.592196062
2.622773775
2.558718207
2.49360312
2.433820778
2. 376560227
2.321905762
2.289635527
2.219620268
2, 1 71722206
2.1258'f4023
2.081 77 794S
2.039504914
1.998893831
1.959850894
1.922288971
1. 888 1 21053
1.851289742
1.817706803

-3.6379267
-3 52608314
~ 3. 42048644
-3. 3206691
-3 22620506
-3.1367056
-3. 05181 57
-2.97121075
-2.89459365
-2. 8216922
-2. 75225669
-2.666057SB
-2.62288502
-2. 58254418
-2. 50485675
-2.44965799
-2.39679585
-2.34612982
-2.29752992
-2. 2508757 8
-2.20605584
-2.1 6296655
-2,12151178
~ 2. 081 6021

-2, 04315431
-2. 00609089
-1. 97033956
-'f.93583254
-1.90250771
-1,87030522
~ 1. 8391 102 1
-1. 80905098
-1. 77988907
-1.751 S6901
-1.72431809
-1.69780613
-1. 87209538
-1.647 15024
-1 .62293721
-1 59942486
-1. 5 165s276
-1,55438333
~ 1. 53279974
-t 51180678
~ 1. 491 3806
-1 47149862

0 511582588
Q.T95710927
0 780460587
Q. T6577861'1
0.751634465
D. 737999595
Q. 7248474 t 5
D.712153104
0.699893474
0.68804684
0.676592908
0.685512662
0.654788276
0.644403018
O. 6343411 74
0,624587972
0.615129513
0.60595271 1
G. 597045233
Q. 56839545
0.5799923SS
0.571825672
Q. 5638855 1
0.556162632
0.548648392
0.541 334092
0.534212242
0.52727 5243
Q. 520516003
0.513927787
0,5075041 94
0. 501 239139
0.4951 28831
0,489tetrse
0.483338667
G. 477 6525SS
0.472098648
0.466672387
O. 48136943

0.456185621
0.45f 116992
Q. 446159748
0.441 310258
0. 43LK5046
0.431920792
Q.427374302

-0.07112242
4.0701 2097
N. 0691 473
-o.oee20027
4.06727881
4. 086381 89
-G. 08550857
4. 06485791
-O. 06382905
-O. 063021 1S
C. 06223345
-Q. 06146519
-0,06071588
-O. 05998418
-D. 05927012
%.05857285
4.0578918

O. 05722630
%.0585761 1
-0. 05594044
0. 05531580
A.OBIT f 1

-0,054t1632
4. 05353444
-0. 05296493
0.05240741
-Q. 0518815
-0.05'f32685
4.05060311
-0.05028995
4.04978705
-0.04929411
-0.04881 0S4
4.04833805
-0.04787217
4.04741625
4.04696893
-0,04852997
-0.046099f3
-0.04587821
0.04528097
-0,04485321
-0.04445274
<.04408835
-0.04387267
<.0432931

0
27,564
51,515
72,325
90,405
106,110
119. 749
'l 31,589
141, 563
150, TT4
158,497
165,184
1TD.968
175,965
1 80,276
153.987
157,175
1S9,906
192,238
194,221
195,900
197,312
198.492
199,469
200,268
200,91 1
201,419
201,807
202,092
202,267
202.402
202.449
202,43S
202,389
202.258
202,107
201,922
201,707
201,487
201,204
200,923
200.627
200,318
188,884
199,863
199.324

0
0275838322
0.515147
0.723251
0.004050880
1.0611
1,10148658t
1.315868543
1. 41 8632804
1. 507730802
1. 5840681 SB
1,55183780
f . 700882351
1. 750854074
1,802157700
1.830867825
1,S7174605
1.800055027
1.$22375780
1.9422%N1 I
1.958008204
1.973 1 24573
1.$84024224
1. 00488007
2,00287771

2.000111104
2.014188153
2.01 8073805
2,020024410
2.02288014

2.024023238
2. 024487715
2.024351 t 01
2.023601I48
2,022578702
2.021067233
2.01021 5817
2. 017088022
2.01 IBBSSII
2.012843082
2.000234035
2.006288223
2.0031 8236
1.800044807
1. 006832870
1. 003243044



Example 1CHAPTER Vl - YPR AND SSBPR

A2-32

0.47
0. 48
0.49
G,S

0.51
O. 52
O. 53
0.54
G. 56
G. 58
0. 57
0. 68
O.59
0.6
0,61
0,62
0.63
0.84
O. 65
0.56
0.67
0,68
0.59
0.7
0.71
0.72
0,73
0.74
0.75
O.rd
0.77
0.78
0.79
0.8
0.81
0,82
0.83
0.84
0.85
0.86
0.87
0,88
0.89
0,9
0,91
0.92
0.93
0.94
0,95
0,98
0.97
0.98
0,99

1
1.01
1.02
1.03
1 04
1.05
1.06
1,07
1,08
1.09
1.1

1.11
1.f2
1,13
1.14
1.15
1. te
1,17
1,18

2.850694101
2,91'I 347167
2.972000233
3.032553299
3. 093306365
3. 1 53959431
3.214612498
3.275265562
3. 33591 8828
3 396671694
3.45722476

3.517877826
3.578530892
3.639163958
3.699837024
3.7 6049009
3.821143156
3.88'l 796222
3,942449288
4,003102354
4. 0637 5542
4.124408488
4.185061552
4.245714618
4.30638T684
4.38702075

4.427673818
4.48S32 6882
4.548979948
4.609 @%1 4
4.67028608

4,730939146
4. 7 91592212
4.S522452 TB
4.91 2698344
4.97355141

5. 034204475
5.094857542
5.15551oeos
5.216 9263874
5.278816739
5.33T489805
5,39S122&71
5.458rr 5937
5.5 t 9429003
S.S&OI362069
S. 640735 1 35
5.701388201
5.782041267
S.&22694333
S. $83347399
5.944CGCllde
B.OO4853531
6.06530ee97
6.125959663
B.t&M12720
6.24728579$
8.30791 &&et
8.36S57 1927
6.429224993
6.489er&OSQ
S. 550531125
6.511184191
6,6T1837257
B, 732490323
6.793143389
6.553796456
6.91 4449521
8,97S1025S7
1.035765883
r. 0954087 t 9
7.15T061765

50, 002
50,167
SO,366
SO,53$
50,705
60,866
51,022
51,173
51,319
61,461
51,598
51.732
St,ddt
51,987
52,109
52.22&
52,344
52.456
52,565
52,672
52, 776
52.877
52,975
53,071
S3,165
53,256
53,345
53,432
53,517
53,600
53,881
53,761
53,838
53,914
53.98$
54,060
54,131
54,201
54,268
54,335
54,400
54,4S4
54.528
54,588
54,548
54,707
54,764
54,821
54,8TT
54,931
54,985
55,037
SS,OSQ
55,139
55,189
5S,23$
55,2&8
S5,333
S5,379
55,424
SS,469
55,51 3
55,556
55,590
55,640
55,882
55.722
55,762
55,801
5$,839
55.877
55,915

285,069
291.135
297,200
303,265
309.331
315,396
321,461
327.527
333,692
339,657
345,722
351,788
357,$53
363,916
369,984
375,049
382,114
3&&.180
394,245
400,310
408,376
412,441
418,508
424,571
430,837
436,702
442,Ter
448.833
454,898
480.963
467,029
473,094
479.150
4S5 +25
401~
497,3M
503.420
S09,486
515,85'1
521,618
527.662
533,747
539,812
545.87d
551,943
558,008
584,074
570.130
STM04
S82+80
588,33$
504,400
800,4M
808,531
812,596
81S.861
624,727
630,792
636.MT
642.922
548,08$
655,053
881,118
867,184
S73 +40
579,314
8S5,380
601,445
697,S10
703.876
709,641
7f S,708

1.754046412 -1 43328271 0 418582531 -0.04255305
1.723850714 -1.41490919 0.414291512 -0.04219243
1.694672234 1.39700058 0.410106773 4.04183787
1.668460984 -1.37953943 0.406005728 -0.04148922
1.6391701 31 .1.36250924 0 401985884 -0,04114834
1.61275576T -1.34589427 0.39804486 4.04080007
1 587176683 -1.32967952 0.39418038 -0.040IT729
1.552394174 -1.31365072 0.390390175 -0.04015088
1.538371864 -1,29839426 0.3886721&2 4.03982985
1.515075493 -1,28329717 0.363024339 4.03951355
1,492472867 ~ 1.28854707 0.379444679 -O,03920242
1.470533S73 -1.25413214 0.375931308 -O.O3$$9815
1.449228998 -1.24004108 0.372482401 4.03859463
1,428532091 ~ 1.22526312 0.389096202 4.03&29774
1 408417323 -'l 21278794 O 385771014 -0 0380054
1.388860556 -1.19960586 O.3825OS205 -0.0377174$
1.369838962 -1.18870684 0.359297196 -0.03743389
1.351330929 -t.! 7408244 0.358145469 4.03715453
1.33331599 -1.1617238 0,353048554 4.0368793f
1.315774743 -1.14962261 0.350006033 -0,03660814
1.298888784 -1.13777092 0.34T013538 4,036340M
1.2$2040649 -1.12816109 0.34407274r 4,03607759
1.26581 3749 -1.11478579 0.341181 38 4.03S61803
1.24999232 .1.10383799 0,338338203 4.03556210

1.234581372 -1.09271092 G.33554202 -0,03530998
t 219505644 -1,08199811 0.332791878 -0,0350$13Z
1,204814557 -1.0714933f 0.3300M063 4.03481813
1.190472176 .1,06119052 0.3274z407 4.0345743s
1.17&4671 74 -1.05108397 0.324804877 4.03433591
1.162787793 -1.0411681 0.322226883 4.03410073
1,149422815 -1.03143758 0.319689644 4.033M875
1.138381533 -1.02188724 0.317192069 4.033S3991
1. t 2359371d -1.01251214 0,314733216 4,03341414
1.111109568 -1.0033ors 0.312312191 -0.033f 9138
1.098899802 4,9942887 0.309928129 4.03297157
1.0889S541S 4.98530131 0,307580188 4.03275465
1,075267877 4.97Mr f 04 0,305267858 4.03254057
'1.0638280ST 4.968103rd 0.30208044 4,03232027
1.052630897 O.QSNSRT 0.300745073 4.03212060
1.041866088 4.95f 41232 0.29&533713 4.03191470
1.03092734 4.9432806 O.i%8354634 4.03171151
1.020407742 -0,9352867 0.204207137 -0.03f 5108
1.010100581 O.92742715 0.29209053Q O.03131262
0.999996694 O.91969859 0.2900041 78 4.03111892
0.990098749 4.9120977S 0.2870474'l1 4.03092384
0.980301935 4.90482157 0.2$5919612 4.0X73276
0,970873597 4 8972M92 0.283020174 4.03054421
0.961 5383 4.5900309 0.28194M07 -0, 0303579T

D.QS2380815 -0,8&291065 0.2800041334 4.0301 7308
0.943398100 4.87590343 02780M198 4.02900221
0.934579330 4.869006M 0.278194456 4.02961262
0.925925S41 4.8622'l 744 OM4328277 4.02983518
D.Q1743112 4.855533% 0.272487147 4,0294508

0.909t390847 4.s48952sd 0,270870588 o.02928851
0,9ÃQtX848 4.842472 0.26SS78048 4.02011524
0,892857098 4,&3IR8084 0.267109112 4,02804507
0.88496671l -0,82980325 02553b3$4.02877885
O.errt9295 4.82381069 0.283640182 O.o2&ef&2e

0.88958518Q 4.81750967 0.26193025$ 4.02644075
O.S&20$8942 O,af 149877 0.26028018 -0,02828611
O.SS4700834 -D.S0557542 0.2S$802452 4.02St 2820
0,$4745761 4.79973701 0,2560MTZ& O.02797028
0.84033612 O,7939644 0.255349591 O.OZTS14
0.833333321 -O,TSS313OQ 0253753668 -0,0276504$
0.82644627 4.782 7222 f 0.252177s48 4.02750667
0,819872122 4.T7721009 0.250&20SQS 4.02735563
0,813008122 4. T7177506 0.240%13343 4.02720805
0.$08461 606 4,768415d 0.247564513 4,0270681 0
0.7999!999I94 4.7811298S 0.246064151 4.02801103
0.7938507SQ -0.75591688 0.244581&37 4.02878724
0.787401571 4.75077437 0.243117275 4,0266241
O.ra124999e 4.7457015T 0.241e70149 4.02e46248

19$, 629
198,2T5
197,91$
197,559
197, i9$
19&,638
196,477
198,117
195,75$
195,401
195.04$
194,692
194,341
193,993
193,548
193,305
192,966
192,830
192,297
191,988
191.643
191,321
191,003
190,888
190,377
190,070
189,788
189,486
1$9,170
188,878
188,589
188,304
1$8,022
187,744
1$7,470
187,199
1 88,932
1M.MS
f 88,408
1$6,fdf
18S,&97
185.546
185,3QQ
185,155
1S4.915
f 84,677
184,ll2
'154,211
183,962
183,756
183,53i
1S3,314
183.007
182,883
182,671
'l82.462
182,258
182,052
181,851
181,653
t8f,457
1S1,263
1$1,072
180,8$3
1 60,807
180,512
180,330
180.151
179,973
t79,79$
179,625
179,453

1.9882871 Nl
1, 98 2745833
1.9791 7583.'i
1.97 6588775
1,971984154
1.96&37752C
1. Qdl771911
t.aa1 1 rZdar
1.9876841 79
1.9$4O t 072$
1.950455753
1,94892233
1. 943413119
1. 939930422
1. 93&478222
1.933062218
1,92085988
1. 92$300348
1.922974723
1. 9 1 9883829
1,91842838
'1. 91 3208834
1.91002S703
1. 908870272
1.$03769754
1.9008972$
1,$97defd

f .804$63$09
1.89170238 1
1.M$777$77
1.88$$$01$1
1.68393$007
1,NOZZ3$02 '
1. $77444&22
1.8747913er
1.871093252
1. 880320081
1 .Sddadf 443
1.8dl077000
1. 881 508381
1.MIIMfed
1. 8$84$4787
1. $5300207$
1.881M328$
1.8401 45282
1.$48788ldZ
1,$4442244$
1. &421087$1
1. 830$2f 010
f .$37884728
1. $38337450
1. $3313$7$$
t.d3I$48274
1.828$2$403
1.$2871001 5
1.824821 l1 0
1.&22$tlQZST
1.$2MZSZS4
1.& 1 as f 2782
1.8f $$27M7
1.814$87f 89
f.&f 2831 add
1.$1 07103$8
1 .&odd& 1 100
1.$0808$2$7
f.aodf 24& 1 a
'1.$03304&08
1.801S87&M
1. 7007322&2
1.7079783&7
1. 79824884

1. 704833703



CHAPTER Vl . YPR AHD 388PR Example 1

A2 ~ 33

1.'9
12

1. 2f
1.22
1.23
1.24
1 25
1.25
1 27
1.28
1.29
13

1,31
1. 32
1. 33
1.34
1.35
1.36
1.37
1.34
1 39
1.4
1.41
1.42
1,43
1.44
1.45
1.48
1 47
1.48
1,49
1.5
1.51
1.52
1,53
1,$4
1,5S
'I.se
1.57
1.54
l. 59
1.8
1.61
1,52
1.63
1.64
1,8S
1.86
1.87
1.68
1.89
1.7
1.71
1.72
1.73
1,74
1,75
l. 76
1.77
1.78
1.79
1.8
1.81
1.82
1.83
1,84
1.85
1.88
1,87
1.88
1.89
1.9

7 217714851
7.278387917
7.339020983
7. 3 9967 4044
7.4803271 14
7 520980'le
7 581833246
7.642286312
7 702939378
T.T63592444
7 82424551

7.884898578
7. 945551 842
8.008204708
B. 0664577 74
8.12751064

8.188163906
6.24661 8972
8.309470038
8.370123104
8.43077617
8.491429236
8.552082302
8.812735388
8.873388434
B. 734041 S

8.794894568
8. 855347832
8.916000894
d,g786537$4
9.D3730883
g. 0979S9896
9.15861 2962
9.219288028
9.27991 9094
9,340672 1 8
9,401225228
9.461878292
9.522531387
9.583184423
9.643437449
9. 704490555
9.765143621
9.825796M 7
9.686449T53
9.947102819
10.00 77 5589
1O.OBS40SQB
10.12908202
10.1697150S
10. 2503861 S
10. 31102122
10.37187 42S
10.43232735
10.49298041
10, 55383348
10.51428844
10,67493981
10. 7355928$
10. T9624574
10. 55689881
10, 917551ST
10. 97620494
11. 03885801
11. 09951107
11.16018414
11.2208'I 72
11.281 47027
11. 34212334
11.4027784
1 1. 48342947
11.52408253

55.951
55.98T
58,023
56,058
56,093
56,127
ss,leo
56,193
56,226
56,258
56,290
58,321
56,351
56,382
56,412
58,441
Se,470
56,499
58,527
56,555
56,582
Se,eio
ss,s3e
58,663
56,889
56,715
56,740
56,765
58,790
se,Bii
56,$38
58,862
SB,BSS
SB,BOQ
58.932
56,955
S6,977
56,999
57,021
57,043
57,084
S7,085
57,106
57,127
57,14T
57,187
57,187
57.207
57,228
57.248
57,28$
57,283
S7,302
57,320
57,339
57,357
57.37$
S7,392
57,410
57,427
57,444
57,461
57.478
57,494
57,510
57,527
57,543
S7,5$9
57,57I
57,590
57, BDB
57,620

721, 771
727,83T
733,902
739,967
748,033
752,098
758,183
764,229
770,294
778.359
7 82,425
786,490
794,555
800.620
eos,ese
812,751
818,816
824.882
830,947
837,012
843,078
849.143
855,208
861,274
867,339
873.404
879,469
865,535
Bgf.eoo
897,ees
903.731
909,798
91 5,861
921.927
927,992
934,057
940,123
948,188
952/53
958,318
964,384
970,449
976,514
9$2.580
988.$4$
994,71 0
1,000,776
1,008,S41
1,012,908
1,018,972
1,025,037
1,031,102
1.037.187
1,043~
1, 049~
1,055,383
1,0$1,429
1,087,494
1,073.5$9
1,079,42$
i.085.690
1,091, T5$
1,097,$20
1,103,8$8
1,109,9$1
i,iie,oie
1,122,042
1,128,147
1,134,212
1,140~8
1,146,343
1,152,408

0.775193795
0.769230767
0.783358778
0.757575756
0.751 879698
0.748268655
0.74074074

O. T 352 941 1 7
0.729927006
O. 72483768
0. 71 942446

O.T14285714
0.7092'I 9856
0. 704225352
D. 6993006 99
D. 694444 I44
0. 8896551 72
0.684931507
0,680272109
0,675675878
0,871140939
o.868666687
0,662251 8$5
0. 657 894737
0.653594771
0. 849 350849
0.64516129
0 641025641
0,636942675
O.e3291i 392
0.628930816

0.82S
0.821118012
0.617283951
o.ei 3496933
0.809756098
0.608060608
0.602409639
0.594802395
O.S96238095
0,$9171 5976
0.588235294
O. 584795322
O. 581 395349
0.578034662
0.57471 2844
0,57 1 428571
0.58s 1 dl s18
O. S8497175'1
0.561797753
O.SSes592ie
O.RI5555$$8
0.5524861 88
04494513549
0. 548444087
0.$434782Si
0.54 d340II41
0,$37834409
0.5347593SS
0.531 914494
O.S29100829
0.52631 5789
0.523560209
0.52M33333
O,Sl S134715
0. 51$463918
0. 51282051 3
0.5102040&2
0.507614213
0.5660I50938
0.5025l2563

0.5

-O. 74089688
4 73575888
4.73086631
4 72607784
4.72133224
4.71664826
-0.71202472
4.70748048
-0,70295435
4.6985DS27
-0.69411215
-0.68977395
4.68548 964
-0.66125822
-0 67707873
O. 8729502
4.86687171
4. 86484236
-0,68086 12T
-0,6$89275T
4. 65304043
4. 84919901
4.84540253
O.sif 8501 9
4.63794123
4.8342749

4.83065047
4,82708 723
4.62352448
O. 62002153
4. 81855772
4.6131324

O. 60974493
4.80839488
4. 50306105
4.59980344
4,5965812 6
4.59335394
4. 590'I 8092
4,58704168
4. 5$393562
4.58088228
4,57782111
4.57481163
4.57183333
-0.56888573
4.58596837
4.5630807e
4,$802225
4.55739309
4.5S459212
4,5818igie
4.54907379
O. 546355S1
4.5438642

-0.5409991 S
4.53836018
-0,53674878
4.53315881
4.53059535
4. S2805861
4.52554208
O.S230$134
4.52068411
4.51S14008
4. 51571884
4. 5133201 5
O.51094387
4,50858909
-0.50625811
-0,50394444
-D. 50165378

0.240240148
0 23882697

D 237430321
D. 23604991 3
0 234685462
0.233336695
0.232003343
0.230685142
0.229381838
0.228093i 74
O.22BS1891
O. 22 5558805
0.224312624
0 223080137
0.22186112
0.220855353
O. 219452821
0.21826271S
0.217115428
0.215960558
O. 21481791
0.213687289
D,212568508
0.211461 36
3.210365725
3.209281356
3.2082D8128
0.207145S42
0.2~
0.2lai3459
0.20402304

0.203002925
0.20199298
0.2009929M
D. 200002862
0.199022475
o. 1 98051834
0.19709021 8
D.i 9613$092
0.19519512
0.194261172
0,193336119
Q. 192419834
D.191S12193
0.190813075
D. 16972236
3.18883993

0.167965871
3.18709947

O. 1 86241 215
0.18S390799
0.1S4548114
0.183713054
0,162885514
D.i 62085403
0,18125281 t
0,150447044
0.179848808
0,178857203
0.174072741
0.177296131
0.176524282
0,175760108
0.175002521
0. 174251 438
0.173508773
O. f 72768447
0.172038377
0.171310485
0.170590893
0. 1 88476925
0.1891 69104

4.02834236
-O. 02820372
-0 02606653
-o. 02S930 T 8
4. 0257 9641
-0.02566344
-O.D2553183
4.02540157
4.02527262
-0. 02514498
O. 02501 863
-D. 02489353
4.02478969
4. 024647 06
-D. 02452585
4. 02440543
-0.02428637
O. 02416846
-0,02405172
-0,02393609
-0.02382158
-0.02370813
4.023595 7'T
-0,0234&447
-0,02337421
O. 02326499
4.0231 5678
4,02304957
4.02294338
4. 0228381
4,02273382
4.02283049
4.02252809
4.02242561
4.02232604
4.02222637
4,02212759
4.0220296$
4.02'193263
-0.02183643
-O,D2174108
4.02184655
4, 021552S4
4,02145994
4.02138784
4. 02127852
4,02118599
4.02109622
-0,0210072
4.02091894
O. 02083141
O. 02074481
4. 02066853
4.02057317
O,020468S1
-0.02040454
O.02032125
4,02023885
4.02015671
4.02007543
O. 01999IS1
O.of QQf 463
O. 01983549
O. 01975677
4.01987888
O. 01950121
-0,01952434
-0. 01944807
4.0193724
4.01 929731
O. 01 92226 l
-0,0191 4887

1 79,284
179,117
178,952
178,789
178,627
178,488
178,3ii
178,155
'lTB,DD1
177,849
177,698
177,550
177,403
177.258
177,114
175,9T2
i Te,83i
178.692
176,555
176,419
178.285
175,152
175,021
175,891
175,782
175,835
17S,509
175,384
175,261
175,139
175,019
174,899
174,781
174,684
174,549
174,434
174,321
174,209
174,098
173,988
173,879
173,771
173,$$4
i73.559
173,454
173,351
'l7324$
173,147
173,DIB
172,947
172,$4S
172,751
172.854
172,$$8
172,483
172,389
172,278
172.184
1 T2,093
172.002
171,913
171,824
1 T1,738
171,$49
171.582
171,477
171,392
171,30S
171,224
171,142
171,060
170,979

1. 792842242
1. 7911 70932
1.789519451
1,787847483
1. T8627471 7
1 . 784480444
1,78310557$
1. 781 54881
1. 740009457
1. 77$44$434
1, 7749S4841
1. 775498045
1, 774028377
1.772S75332
1.77113887

1.789718137
1. 748313483
1. 766924442
1.785550832
1.784f 9235$
1,78284880 3
1, 781519943
1. 788205454
1 .75SQO541 3
1.7$7819308
1.75834702
1,755088348
1.753443083
1.752$11 027
1.751391 Qef
1. 750185751
1.'744992149
1.74781OQSS
1.748442083
1 . 7454$$25$
1. 744348324
1,743207124
1. 742085485
I .74097523f
1.73947$2of
f. 738784238
1.73771117$
1.738444484
1.73$$89149
i 73444388
1.733 SOSSf
f .732444043
1.73 14492$4
1. 730484384
1.7204&1 $3
t. 724483442
1.72740741 7
1,728$40817
1.725683425
1. 7244344f 8
1.723494942
1.722764244
1.721842244
1.72 0928444
1.720023929
1.7191 27343
1.71 423469$
1.71 735$944
1.71 8448849
1.71 5428%0
1.71 4786384
f.Tf 39f 778
1.71 3078784
f.7f 2243334
1.71 141731 4
1.7f 0599434
1.7$9787f 94



CHAPTER Vl - YPR AHO SSBPR Exarch pie 1

A2 - 34

1.91
1 92
1.93
1 94
1. 95
1. 96
1.97
1.98
1 99

2

11 5847356
1 f 64538867
11. 70804173
11. 7668948
1 1.62734768
11.88800093
11 948654

12. 00930706
' 2.C6996013
'2.13061319

57,838
57, 850
57,665
57,680
57, 694
57, 709
5T,723
57,737
57,751
57,765

1,1 58,474
f,164,539
1,170,604
1,176,669
f,f 82,735
1,188,800
1,194,M5
1,200,931
1,206. 996
1,213,061

0 497512438
0.495049505
Q. 492610837
0.490196078
0,487604878
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A2- 35
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A2- 37
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Based on these values, the characteristics of the individuals and the cohort of idealized
roundfish are shown in the figures below.

A2- 38

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

unfished

Maturity Spawning
biomass

Length Weight BiomassAge

An individual idealized roundfish reaches an asymptotic length and weight of 100 cm and
10 kg respectively. Maturation is assumed to occur 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 initial
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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246.5969639 1054.55643 1035.588955

201,896518 1026.3759 1019.506518

165.2988882 961.308779 958.9318246

135.3352832 874,891605 874,0945337

110,8031584 779.015097 778,7538541

90.71795329 682.007408 681.9232523

74.27357821 589.226574 589.1998244

60.81006263 503,773993 503.7655788

49.78706837 427.14897 427.1463459

40,76220398 359.779576 359,7787627

33,37328996 301.42215 301,4218991

27.32372245 251.448061 251.4459845

22.37077186 209.027536 209.0275121
18.31563889 173.27571'f 173,2757039

14.99557682 143.310403 143.3104011
12.2773399 118.306698 118.3066969

10,05183574 97.5175422 97.51754204

8.229747049 80.2822842 80,28228417
6.737946999 66,0266286 66.02662854
5.516564421 54.2576969 54.25769693

4,516580943 44.5M5842 44.55658424

3.697863716 36.5699264 36.56992637

3.027554745 30.0013965 30,00139651

2,478752177 24.6036519 24,60365192
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The LCDF and NPDF for size selection are shown in the figures below, 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 to100 cm, and a representative standard deviation of 5 is specified,

PL, for L~

50 70 80 1009060Len th
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4. 4085E-71

1. 7557E-63

2,5722 E-56
1. 3863E-49

2,7488E%3

2,005 E-37

5.3802E-32

5,3111E-27

1,9287E-22
2.5768E-18

1.2664E-14

2.2897E-1 1

1. 523E-08

3.7267E-06

0.00033546
0.011109

0.13533528

0.60653066

1

0.60653066

0.13533528

0.011109

0. 00033546

3. 7267E46
1.523 E-08

1.3839 j-87

4.07236 E-79

4.40853E-T1

1 75569E43

2.57221E-56

1. 38634E-49

2.74879E-43

2.00501E-37

5. 3801 9E-32
5.31109E-27

1,92875E-22

2.57676E-18

1.26642E-14

2.28973E-11

1.523E-08

3, 72665E46

0.0|N335463

0.011108997

0.135335283

0.60653066

1

0.60653066

0,135335283

0,011108997
0.000335463



CMAPTER Vf - 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 L > and L �, �0, 60, 70, 80, 90, and 100 cm! using
F values of 0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5, 2,0, 2.5, 3,0, 3.5, and 4,0.

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 D65 to 077 for 50 cm; D81 to D93 for 60 cm;
D97 to D109 for 70 cm; K65 to K77 for 80 cm; K81 to K93 for 90 cm; K97 to K109 for 100 cm!.

A2-43



Example 2

Example: L sa and L ~ = 100 crn and
F = D.D

Standard deviatian = 5
stae ress = 0.33

Yield Per Recruit Model

SSB 5$BnS om ace Gill TrawlSSB
0.000 0.000
0.000 0.000
0.000 0.000
0. 000 0,000
0.000 0.000
0. 000 0. 000
0 000 0.000
0.000 0.000
0.000 0,001
0 004 0 004
0.028 0.011
0.088 0.026
0, 193 0.048
D. 332 0.079
0.477 0.116
0.609 0,162
0.717 0.207
0.800 0.249
0.861 0.289
0 905 0.323
0.935 0,3$3

Yield/SSB 0 10832
VPR'SSBPR 0.000 10.832

Operators:

0
0.000

10032
10,832

hyatt nt!i
P  t~e<-~i' i 4'!!!'

50 cm

SSBtwetF Yge
0

0.0789
10.S32
9,82S

7.6222
6.7899
B.MI
3 468
2.063
'!.296
0.873
0,838
0.507
OA32

SSBr~
0 10.832

D.t 356 9.4504
02491 8,2855
0.3493 7.2492
DA391
0.520
0.821
0,99S
1,099
1.159
1.194
1.215
1.229

e.3772
5.629
3.198
2.045
1.486
1.206
1.059
0.977
0.929

CHAPTER Vt . YPR Alt 0 SSBPR

Age L  cm! W kg!
0 D.O 0.0
1 16,' 0,1
2 330 04
3 45.1 0.9
4 551 17
5 63.2 2.5
6 699 34
7 T53 43
8 79B 5.1
9 635 58
10 66,5 6,5
1 1 66.9 7.0
12 90.9 7.5
13 92.6 7.9
14 93.9 8 3
15 950 86
16 95,9 S. 8
17 98.7 9.0
18 973 92
19 97.8 9,3
20 98.2 9,5

0
0.1
02
0.3
0.4
0.5
1

1.5
2

2.5

3.5
4

0
0.1
0.2

0.4
0.5

1.5
2

2,5
3

3,5

0. 05
0.12
027
O. 50
0.73
0.88
0.95
0. 96
0.99
1.00
1. DD
1.00
1.0D
1 00
1 00
1.00
1. 00
1.00
1.00
1.00
1.00

0.1461
0.2061
0.2608
0.3«
0.514
0.858
0,754
0.621
0.888
0.900
0,923

t 000
619
670
549
449
368
301
247
202
165
135
1«
91
74
61
50
41
33
27
22
18

0
49
240
504
750
929
1028
105$
1026
96t
875
779
682
589
504
427
360
301
251
209
173

0
0.731655
1.D01 873
1.«e154
1,169429

1.196
1.216
1.202
1,187
1.174
1.162
1.152
1.141

0
0.705559
0.999488
1.142221
1220702

1.288
1.351
1.369
1.372
1.371
1.366
1. 354
1.359

0
6

252
549
616
979
t 036
1020
959
874
779
682
589
504
427
360
301
251
209
173

10.S32333
8,510«3
4,451198
3.333544S
2. 6601963

2.22'1
1.294
0.9S9
0.840
0,751
0.891
0.646
0.81 1

10.632333
7.1856401
5,3247729
4.2818169
3.6295501

3.190
2,195
1.825
1.629
1.504
1.41$
1. 347
1.293

0 0
0
I

0 0

0 0 0
0 0 0
0 0 0 0
0 0 0
0 0

0
0.1
02
0.3
0,4
0.5

1.5
2

2.5
3

3.5
4

0
0.1
02
0.3
OA
0.5
1

1 .5

2,$
3

3.$
4

0
6
65

252
549
616
979
1 036
1020
959
874
779
682

504
427
380
301
251
209
173

0
0.31228
0.55162
0.73743
0,88237
0.996
1293
1.397
1,443
1.467
1.482
1,492
1.499

0
0.37698
0.51377
0.7687
0.87445
0.950
1.134
1210
'l 255
1285
1.307
1.324
1.338

0 0 0
0 0 0 0
0 0 0
0 0 0
0 0 0 0
0 0 0 0

10.832
9.1979
7,9T12
7.0449
8.3407
5.801
4,434
3,946
3.709
3.562
3,457
3.378
3,310

10.
9.4277
e.5154
7,5990
7.4678
7.152

5.985
5,783
5.607
BAST
5.391
5.311

0 6
65

252
549
618
979
1036
1020
959
674
779
682
589
SG4
427
360
301
251
209
1T3

0
0.$035511
0. 7546972
0,9't 7549
1.0166577

1.086
1260
1.334
1.376
1ADI
1.424
1.439
1.451

0
02937039
OA763017
0. 5977309
0,~

O.T48
0,925
1.015
1.072
1.113
1.144
1.169
1,190

1 000
619
670
549
449
366
301
247
202
t65
135
111
91
74
61
50
41
33
27
22
18

10.83233
8.901229
7.77382

7.058743
6.566159

6.210
5.274
4,840
4. 574
4.366
4.242
4,127
4.031

10.83233
9.940451
9.32049
8,870427
8.53031 6

8.264
7.475
7.057
5,781
6,577
6.4t B
6.284
6.1'T2

1003
5

67C
546
449
366
30'
247
202
165
135
t't
91
74
61
50
41
33
27
22
16



CHAPTER Vl ~ YPR AND S$8PR Example 2

70 cm

A2-45



CHAPTER VI - YPR AHO SSBPR t 6
14

1 2

t.0

c. 0.8

06

04

0.2

0.0 0.0
2. 1.0 Rehlng tao

70� 50 � 60

The YPR and SSSPR graphs can be transformed into ieopieth diagrams by taking the YPRMAX and dividing by any
Other YPR value tNhk4t wt4 give a percentage. This vttlt create s grid of data points of percentages that can then be
contoured.



CHAPTER VII - PRQOUCTION MODELS Errampie 1

Consider the following time series of catch snd effort for s trawl fishery. Determine the MEY for this fishery by
fitting the Fox model, Recommend a level of effort to achieve MEY.

FOX MODEI.

Linear Regression

Year Catch Effoit CPUE In CPUE

r -22

.24

-2.8

w-2 8

"- 3

'32

-34

-3.8

-38

From Tools, Data Analysis, Regreaaioft:

1988
1989
1990
1991
1992
1993
1994
1995
1998

49
47.5

51

88
58
52

623
828
520
513
661
919
'l 158
1970
1317

0.0803 -2.52252
0.078 -2,55072
0.0913 -2.3931
0.0877 -2.43361
0.0772 -2. 56193
0 0609 -2. 79793
0.057 -2.88479
0,0294 -3,52535
0.0395 -3,23187

There are 2 methods to calculate the slope end ysntercept:

 >! Go to Tools, Data Analysis, Regression, select the input snd
output ranges, then dick OK. The two numbers that are important
are the X venable 1 which is the slope and intercept which is the y-
intercept,

�! Select the data senes on the graph, rfght click, and choose Add
Trendline. Choose "linear' for the Type. In the Options tab, dick
'dis a uatlon On Chart,



CHAPTER Vlf - PRODUCTION MODELS Example 1

Before Solver After Solver

Catoh Ell'Ort CPUE Catoh~  Y~-Yeexl Catoh~  Y - Y~Year

0 gra curve, crea e a senes x va uea
effort and calculate catch usi the enerallzed Pox

60

50

.0

20

to

1000 Effort 1500

Calculate frrav e 1ld arfd Yeev = �/d!*e"

AZ-48

1988
1969
1990
1991
1992
1993
1994
1995
1996

50
49

47 5
45
51
56
66
58
52

623
628
520
513
661
919
1158
1970
1317

0.0803 49.68019
0,078 49.68271

0.0913 44. 95918
0.0877 44.59839
0.0772 51.1611
0.0609 58.08768
0.057 60.67162

0.0294 54 56029
0.0395 80.90441

0.102276255
0.779175349
6.455784376
0.161293202
0.025953514
4 358400548
28.39168623
11.8316067

79.26855109
131,3947273

49.49646
49.69921
44,77456
44. 41402
50.97959

57 941
60,57596
54,65043
60 64684

0.253552518
0.488901314
7.428012778
0.343375463
0.000416453
3.767498895
29.42026297
11,21963268
78.26659198
131.1882451



CHAPTER Vll - PRODUCTION MODELS Example 1

FOX

Microsoft Excel 8.0a Answer Report
Worksheet: [ProductionExamples.xls]f ox �!
Report Created; 11/23/98 11:32:31 AM

Target Cell  Min!
Cell Name Original Value f inal Value

$G$13  ~ass ~pres! 131.3946451 131,188245

Adjvstable Cells
Cell Name Original Value Final Value

$F$19 c -2.039824532 -2.04599982
$F$20 6 0.000785099 0.00078113

Constraints

NONE

A2-49



CHAPTER Vll - PRODUCTION MODELS Example 1

Consider the following time series of catch end effort for a trawl fishery, Determine the MEY for this
fishery by fitting the Schsafer modal. Recommend s level of effort to achieve MEY.

There are methods to calculate the slope and y-intercept:S HAEFER MODEL

Linear Regression

Year Catch Effort CPU E

From Tools, Data Analysis, Regression.

Multiple R
R Square

lusted R Squae
Standard Enor
Observa6ona

VA
Af F 5 nlffcence F

Regression
Residual
Total

1 0.00345783 0.00345783 69.9818487 3.0265E-05
7 0.00028Q 3.6426EO5
6 0.00372683

Coe i~ Erro f Sfaf P-vaftie Lower 95% U 95% Lower 950% 9$.0%
intercept 0.10838158 O.fk3465462 22.8550379 7.7788E48 0.09537516 0.11738802 0.09537516 0.11738601
X Vartabfe 1 <285EES 4,5177E-06 -9A858763 3,0265E45 -5.354E4$ -3.217E4$4.354EOS -3.217'l5E

A2-50

1988
1989
1990
1991
t 992
1993
1994
1995
1996

50
49

47.5
45
51
56
66
58
52

623
626
520
513
661
919
1158
1970
1317

0.96323494
0.92782155
O.Q1751034-
0.00619904

9

0.08025682
0 07602546
0. 091 34615
0 0877193
0.07715562
0.0609358
0.05699482
0,02944162
0.03948368

�! Go to Tools, Data Analysis, Regression, select the input and
output ranges, then dick OK, The lwo numbers that are important
are the X venable 1 which is the slope and intercept which is the y-
intercept.

�! Select the data sense on lhe graph, right diCk, and chcoee Add
Trandilna. Choose linear' for the Type. In the Options tab, dick
dis a uation on chart.'



CHAPTER Vll - PRODUCTIOH MODELS Examqla 1

Ron-linear Regreeeion Y ~ atr - bf
Before Salver Alter Solver

CUE Catch   Y~- Y~!' Cat~   Y~- Y~!'Year Catch

70

10

0
0 1500 2000 25001 000

Calculate f~ a l2b and Y~ * a /4b

19SB
1989
1990
1991
1992
1993
1994
1995
1996

50
49

47.5
45
51
56
66
58
52

623
628
520
513
661
919
1158
1970
1317

0.08025682
0.07802548
0. 09134615
0 0677193
G. 0 7715582
0.0609358
0.05699482
G. 02944162
0.03948368

82.9088556
S3.7086161
66 9061798
65.851 6X5
89. 042094
133 957595
180,655706
375 884264
2 1 4.434544

1082.97961 46.8425821
1204 88803 47,1057779
376.599814 41.0213204
434.790497 40.5960523
1447.20092 48.7978424
6077.38667 59.3308866
13145.931 84.8231022

101050.405 52.8393972
26384.9811 66.2046537
151204.963

9.96928776
3.$8807753
41 9732B96
1 9. 3771437
4 849497 S9
11 0948054
1.38508833
28.6318211
201.772165
320. 641197



C HAP TE R Vfl ~ P ROD UC TION MODELS Example 1

SCHAEFER

Microsoft Excel S.oa Answer Report
Works hect: [Productio nExarnp les.xls]Schaefe r
Report Created: 2/23�0 10:20:39 AM

Target Ceil  IVlin!
Cell Name Original Value Final Value

$H$68   obs pied! 151204.9628 320.641197

Adjustable Cells

Cell Name Original Value Final Value

$C$73 a 0.106381591 0.09755879
$C$74 b -4,28541E-05 3.5907E-05

Constraints

NONE

A2-52



CHAPTER Vill - STOCK AND RECRLJITMENT Exa rnpie 1

Given the fol owing stock recruitment data, solve for a and P using the Beverton-Holt model.

LINEAR

From Tools, Data Anatysls, Regresston:

3.0

2.5

2.0

g 1.5

1,0

0.5

0.0
1510 25 ,'

Stock

A2-53



CHAPTER VIII - STOCK AND RECRUITMENT Example 1

NON-LINEAR

Before Salver After Salver
R~  ,R~-R~! R~  R~-R~Year

8.0

70

5,0

g 4.0

3.0

2.0

1.0

0.0
10

Stock
15 20

A2-54

1

2 3

4 5 6
7 8 9
10
11
12

6,8
74
4,5
'3.2
14.6

1
3.1
7.7
10.7
e.e
15.4
2

7.1
6,4
64
7

7.7
1

5.4
6,1
e.e
6

6.2
3.5

6.551909
6.3877907
5.7993427
6.8625616
6. 9255383
6. 3308311
5 2427743
6.427218

6. 7138091
6.531281e
6,9568046
4. 482294 9

0. 30040376
0.00014907
0 38078914
0. 01 688931
0.59979409
0 44778895
0.02471993
0.10707163
0,00742816
0 28228035
0 57275315
0.96490334
3.68694949

6.630~i64668
6.431922605
5.735844194
7.012124314
7.090374883
6 363447961
5.099821184
6.479461025
6.828502767
6.605487957
7.12934205
4.263958565

0. 22036953
0.00101905
0.44110294
0.000141

0.37164305
0.4051985
0. 09010696
0. 1439906'7
0.00081241
0 36661587
0.86367685
0.58383269
3. 48831511



CHAPTER Vill - STOCK AND RECRUITMENT Example 1

Microsoft Excel S.Ga Answer Report
Worksheet: [Chapter 10 - Stock Recruitment Examples.xlsJB-H
Report Created: 4/4/00 2:55:21 PM

Target Ceil  Min!
Ceil Name Original Value Final Value

$G$88  ~a<6-Rpred! 3.686949491 3,48831511

Adjustable Cells
Cell Name Ori inal Value Final Value

$C$91 a After Solver 0.1319 0,126196972
$C$92 After Solver 0,1824 0 216653767

Constraints

NONE

A2- 55



CHAPTER Vill - STOCK AND RECRUITMENT Example 2

Given the following stock recruitment data, solve for a and p using the Rlcker model.

LINEAR

From Tools, Data Analysis, Regression:
SUMMARY 0

0. 972868801
0. 946489424
0,941118368
0.114883895

12

OVA
F F

1 2.33358151 2.333582 178,509123 f.f 067&47
10 0.131983094 0,0'l3198
11 2.465564604

0.742720114 0.078702839 9.683085 2,1338E48 0.571815508 0.91382472 0.571815508 0,91362471
4.107143987 0.ÃI605778 -13.297 t.1 067EO7 4.1 25097822 O.0891 901 <.1 2509782 E!.0891 90f 1

intercept
X Variable 1

00

-0.5

.1 0

-1 5

A2 ~ 56

Multiple R
R Square

justed R Square
Standard Error
Observations

Rag ressicMr
Residual
Total

rrcr t StW F-vefue Lower 959f V 95% Lower . U 95.0%



CHAPTER Vlf l - STOCK ANO RECRUfTf4EffT Example 2

NON-LINEAR

Before Solver After Solver
R~  R~ R~! R~  R~ R~!Year

8.0

1.0

5.0

50

g 4,0

30

20

10

00
15 20'f0

Steak

2 3
4 5

6 7 8 9
10
11
12

8.8
74
4.5
13.2
14.6
1

3.1
7.7
10.7
6.6
15.4
2

71
6.4
6.4
1

T.T
1

54
6.1
6.$
6

6.2
3.5

7 206408 0.01132274 T.096082333
7.040217 0.4098775 6.878576576
5.840558 0.31297525 5.615042153
6.14768 0.08367544 6 809159182
6.424125 1.827S5614 6 533415S92
6.951164 0.00238497 6.716456294
4 674354 0.52656144 4.456987512

T.094 0.98803504 6.942713968
7.149002 0,12180207 7.114415723
1.195107 1 4282799 7.077046693
6.21973 0.00038927 6,353787411
3.392766 0 01149888 3.218889257

5.~3

1,5505iE-05
0. 22903554
0.61615882
0 03642022
1 38091648
0.04997179
0.68554214
0. 7101 6683
0.09885725
1.1600300'f
0.02365057
0,08027631
5.25104347



CHAPTER Vill - STOCK AND RECRUITMENT Example 2

Target Cell  Min!
Cell Name Original Value Final Value

$G $89  < ebs ~ prea! 5.504658428 5.251043466

Adjustable Cells
Cell Name Original Value Final Value

$C$92 a After Solver 2.1016 1.97044872
$C$93 After olver Q,1Q71 Q,1Q1531Q21

Constraints

NONE

A2- S8

Microsoft Excel 8.0a Answer Report
Worksheet: [Chapter 10 - Stock Recruitment Examples.xls]Example 2
Report Created: 4/4/00 3:32:00 PM





APPENDIX 3

ANSWERS TO EXERCISES



CHAPTER il ~ MATHEMATICS AND BIOSTATISTICS RP/I'll Exercise 1

Given the following data points  x, y vsioss!, plot the points, hi the linear model and obtain the
beat estimates ot the parameters m and 6, On the same graph, plot the predicted model.

80
70
60
50

30
20

10 0
2010From Tools, Oats Analysis, Regression: 11

52



CHAPTER II - MATHEMATICS ANO 8IOSTATISTICS REVIEW

Calculate the following;

A3-3

Exercise 2



~ ~ ~

Exercise 3

Calculate the following:

CHAPTER II - MATHEMATICS AND BIQSTATISTICS REVIEW



CHAPTER II - MATHEMATICS AND BIOSTATISTICS REVIEW

Determine the value of x:

A3 - 5

Exercise 4



Exercise 5

Calculate J> / for the following functions
/z»

y=5x -2x2r
y=a y =4-6x

The

derivative

of e" is
x

e'

A.3 - 6

CHAPTER II - MATHEMATICS AND BIOSTATISTICS REVIEW



Exercise 8

Integrate the foIIowtng

The int ratIon = 28 - 10 = t8

CHAPTER II ~ litATHEMATICS AND BIOSTATISTICS REVIEW

1

Je~ f�+ 2x!dr
2



CHAPTER $1 - MATHEMATICS AND SIOSTATISTICS REVIEW Exercise 7

Compare the following length-frequency distrlbutlon using unlvariate descriptive statlstlcs
for each data set. Plot both L-F dlstrlbutlons as histograms on the same graph. Compare the
means and the distrlbutlons around the means using confidence intervals.

35

A3-8

30

25I

c 20

' I'15

10

10 15 20 25 30 35 40 45 50

Length  cm!



CHAPTER Il ~ MATHEMATICS AND BIOSTATISTICS REVIEW Exercise 7

20

25

25

25
25

25

25
25

A3-9

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

30

30

30

30

30

30

30

30

30

30

30

30

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

The conclusion that can be made is that the C.I. do not averts p sc the re,
there is a difference between the means of the two rou



CHAPTER II - MATHEMATICS AND BIOSTATISTICS REVIEW Exercise 7

A3- IO



CHAPTER ill - GROWTH Exeiw lee 1

Given the following age-length dsts set far mackerel, deterrnlns tf, l.
and t4 using Fcrd-Wslford and ncn-linear methods.

Linear Method

45

30

25

45

10

0
0 10 20 50

Lr
40 50

From Tools, Oats Analysis, Regression:
SUMMARY OUTPUT

Muftipie R 0.998333704
R Square 0,992IMOBB

d lusted R Square 0.990241133
Standard Error 0.572840754
0baerretkxar 8

NOVA

1 133.4242477 133A242477 408,8838872 0,00028834
3 0.983782299 0.327917433

134,408

11 48448388 0.998493924 11 49478818 0.0014'l3384 8.283192179 14.82877494 8,283192179 14.8257749
0.733892011 0.038388004 20.1713878 0,00028834 0.817882883 0.849331339 0.817882883 0.84933134

intercept
X Varlabl ~ 1

R~en
Residual
otra

Saandent rror t P~ Lower V 98 Lower 95. V 95.0
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Non-linear lieth oel

A3-12



Exerc hie 1

ro 75

-0.78145188

0 2 3 4 5
6
7

0.00
7.48
15,44
21.91
27.15
31.42
34.88
37.69
39.97

0. 7336
1 1.4544
0.2082

49.82811887
tp W. 78145188

A3- l3

CHAPTER lll ~ GROWTH

.5 0 5 lo 15 20 25 I 35 40 45 50

To plot the von Bertalanfry curve, create s series
f sgss  t ! and solve for f. i using the von

Bertatanffy egestion and the parameter values
obtained from Solver.

8 9
10
11
12
'l3

14
15
18
17
18
19
20
21
22
23
24
25
28
27
28
29
30
31
32
33
34
38
38
37
38
39
40
41
42
43

4S

41.82
43.33
44,56
45. 54
46.35
47.00
47.53
47,98
48. 32
48.80
48,83
49.02
49.17
49.29
49.39
49.48
49.54
49,60
49.64
49.87
49.70
49.73

49.7461
49.7615
49,7741
49.7842
49,7925
49.7992
49,8048
49.8090
49,8128
49.8156
49.8179
49,8'l 98
49.8214
49,8228
49.8237
49,824S
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CHAPTER III - GROWTH Exercise 1

Microsoft Excel 8.0a Answer Report
Worksheet: [Chapter3 - Growth Exercises.xls]Exercise 1
Report Created: 4/24/00 1:45;32 PM

Target Cell  Min!
Cell Name Original Value Final Value

$F$116  L pps L pree! 1207.50 2.00

Adjustable Cells

Cell Name Original Value Final Value
$D$ t 21 K After Soiver 0.3854 0.2082

$D$122 L After Sol ver 57.47513115 49.82811687

$D$123 ~a After Solver -0.491991033 -0.78145166

Constraints

NONE

A3- t5



CHAPTER III ~ GROWTH Exercise 2

Given the follovrrng age-length data set for herring, determine K. L, and t, using
Gulland-Holt and non-linear methods.

Linear Method

3.0

00
0 10 20 30

Mean Length
40

From Tools, Data Analysis, Regression:
SUMMARY OUTPUT

R resaron Statraacs
Multiple R 0.87215823
R Square 0. 76065998
Adjusted R Square 0.73672598
Standard Error 0.31578
Observations 12

AIVOVA
df SS MS F ~SiM F

Regression
Residual
Total

10
11

Coefficients Standard Error t Stet P-value Lorirer 9556 U 95% Lorirer 95.0% U r 95 0%
Intercept
X Vartabl ~ 1

7.87016633 1 223470359
-0.20492666 0.036350538

- 2.5

E20
4.
ct5

VL0

~05

4 481893887 4.487893887 31 78156264 0.000216153
1.412106113 0.141210611

5.9

6.432657949 7.51218E-05 5.144104018 10.59622864 5.144104018 10.59622884
-5 63751387 0. 000216153 -0 285920121 %.1239326 -0.285920721 O.1239326



Exert tee 2

Before Solver
"o~  I. ~-< ~!'

After Solver
 L~ f.~!

CHAPTER III - GROWTH

Non-lineer Iiethod

3

4 5
6 7
8
9
10
11
'12

13
14
15

25.7
28.4
30 2
31.7
32 8
33 7
34 4
34 9
35.8
36

35.9
37

37.7

25.54
27 92
29.88
31 45
32.74
33 79
34.64
35. 34
35.91
36. 37
36.75
37 06
37. 31

003
023
0.11
0.08
0.00
0. 01
0.06
0.20
0. 10
0 14
0.72
000
0.15
1.82

25. 99
26.21
30. 02
31. 50
32. 71
33. 70
34. 51
35.17
35. 71
36. 15
36.51
36 80
37.05

0. 08
0.04
0.03
0.04
0. 01
O. 00
0.01
0.07
0.01
0.02
0.37
0.04
0.43
1.16



CHAPTER III - GROWTH
Ersrc sa 2

55 60 65 70 ~

-2.680111 193

0 1
2 3
4 5
6 7

0.000
15.912
19.967
23.281
25.991
28. 208
30.017
3'1 497
32. 707

-0.2049
7.8702
0. 2015

38. 1263766
-2. 6801 1 1 19

-5 0 5 10 15 20 25 30 35 40 45 50

f

To plot the von Bertalanffy curve, create a senes of
ages  f! and solve for f, using the von Bartalanffy
equation and the parameter values obtained from
Solver

8 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
38
37

39
40
41
42
43

45

33.696
34.505
35 166
35.706
36.148
36.509
36.804
37.048
37.243
37.404
37.536
37. 644
37.732
37.804
37.863
37.911
37.950
37.982
38.009
38,030
38.048
38.082
38.074
38.083
38.091
38.098
38,103
38.107
38.111
38.114
38.116
38.118
38.'119
38.121
38 122
38.123
38.123
38. 124
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CHAPTER ill - GROWTH Exercise 2

Microsoft Excel 8.0a Answer Report
Worksheet: [Growth.xls]Exercise 2
Report Created: 2/24/00 9:23:12 AM

Target Cell  Min!

Cell Name Original Value Final Value

$F$«8  ./:;L.�o!
2

2.66 'i,16

Adjustable Cells

Cell Name Original Value Final Value
$D$123 K After Solver 0,2049 0.2015

Constraints

NONE

A3 -20

$D$124 / After Sol ver 38.40995608 38.12637658
$D$125 tr After Solver .2 625 -2.680111193



CHAPTER IV - ESTIMATION OF MORTALITY RATES

Given an initial population size of Nq s 25,000 fish, a survival rate of $ > 0.47, and a commercial
harvest of 10,500 fish, determine N �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 ln the second half of the year.

Part 1: Type 1 fishery



CHAPTER IV - ESTIMATION OF MORTALITY RATES Example 1

Part 2: Type 2 flahery

A3 -22



CHAPTER IV - ESTIktATIOft OF faORTALITY RATES Exercise 2

Weakfish caught by HEFSC autumn bottom trawl survey wore aged by applying annual
age-length keys from pooled commercial snd research samples to survey caught fish. Catch-
atwge  expressed ss CPUE! for the 1985 and 1990 y ar c»sse» ~ shown below. Estimate
total and fishing mortality for the two different years, assuming hf s 0.2S.

-3.00

-4.00

From Tool ~, pate Analys», Regression:
SUMMARY OU

OVA
hl F nitfcance F

1 25.3S7S9189 25.3S7592 79.77787S 0.002980871
3 0.953559898 0.3178532
4 28.31115159

nfa andanf &ror t P-value Lower 95% LI 95% Lower 95.0% U 95.0%
Intercept 2,557844989 0.438705781 5.0858848 0.00890971 'I 287550985 4.04743899 1,28785098 4.047
X Variable 1 -1.59240873 0.178284389 %.931835 0.00298087 -2.15978775 -1.0250257 .2.1597878 -1.02S025702

A3- 23

Multiple R
R Square

lusted R Square
Stsndaro Frror
QbaeNationa

Regression
Residual

otal

0,981711948
0.983758344
0.951877792
0 58378474

5

0.00

K -1.00
c

-2.00



CHAPTER IV - ESTIMATION OF MORTAlJTY RATES
Exerolss 2

1 00

0.00

-5.00

-5.00

From Tools. Data Analysts, Regression:
UIH Y OUT U

NOVA

1 22.43047543 22.430475 100.348 0,000558237
4 0.894107528 0.2235289
5 23.32458295

vacate Lower 95 U Lower 9 . 95.0
Intercept 0.791002143 0,342177599 2,3118713 0,08188183 4.15903715 1.74104143 O, 1590371 1.741041431
X Variable 1 .1.13214021 0.113017541 -10.01738 0,00055824 -1.44592788 -0,8183528 -1.4459279 -0,81835258

A3 ~ 24

Mul5ple R
R Square

djvsted R Square
Standard Error
Observations

Regression
Residual
Total

0.98064078
0.96168673

0. 952083413
0 472788298

6

-1.00

-2.00
a

-3 00



CHAPTER IV - ESTtMATION OF MORTALITY RATES Exercise 3

The following data are taken from the Cooperative Striped Baaa Tagging program,
conducted by the U.S. Fish and Wildlife Service and the Agent!c States Marine Fisheries
Comm!salon, The purpose of the program ia to monitor mortality and migration of striped
bass for he maJor producer arose  Hudson River, Chesapeake Say, snd De!aware Bay!. This
program comprises 4 critical operations: tagging hsh, recowrfng fags, managing records of
releases and recoveries, and ana!yalng racowry data Total releasee of tagged striped base
haW eXCeeded 170,000 flah In ten yaara, thrcugh paitlolpatcn of 10 staba. Analyala Of
these data Ia performed on an annual basis by the Atlantic States Marine Flsherlea
Comrnlsslon tagging group. Data from the Hudson Rlwr 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 1998. Natural mortality for striped bass ls If e 0.15.

2.00

1.00

0.00
1988 1990 1992 1994 1996 1998

Year

A3- 25



CHAPTER lV - ESTIMATtOH OF MORTALITY RATES Exerotse 3

From Tool ~, Data Analysts, Regression.
SUMMARY OUTPUT

R ression Statfsttas
Multiple R
R Square
Adjusted R Square
Standard Error
Observations

ANOVA
SS l/S F niNcence F

1 11.03195446 11.031954 79.094059 0.000299118
5 0,697394545 O.t 394789
6 11.72934901

Coalttotanta Standard Error t Stet P-valve Lower 9594 U r 95% Lower 95.0% U 95.094
Intercept 1253AS19 140.6639383 8.910826 0.0002984 891.8443045 1615.019452 891.8443045 1615.019452
X Vartabte '. a.6278929 0.07057898 4.893485 0.0002991 -0.80912159 4.4462642 -0,80912159 -0.4462642

4.00

0.00
1992 1993 1 994 1995 1996 1997

Year

Frpm TOOle, Data Anahyale, Re9reaetOn:
SUMMARY OUT T

R
Muldple R
R Square
Adjusted R Squee
Standard Error
~ttona

AHOVA
SS AIS F ntttcanoe F

1 1.080636593 1.0606388 46.486983 0.020841271
2 0.045631552 0.0228158
3 1. 106268145

Cpetltoienta Standard Enpr t Stat P-value l.OWer 959t U 95% LOwer 95.Hi U 95.0%
Intercept 922.09868 134.7307505 8.8440061 0.0206889 342.3980478 1501.798117 342.3960476 1501.798117
X Varteble ' 44805728 0.067551 1 3 4.818 1 38 00208413 075 122207 O. 1 5992356 -0.75122207 -0. 18992356

Regression
Reatduet
Total

Regression
Rsstduat
Total

0. 969815848
0. 940542775
0.92665133

0. 373468752
7

0. 979158729
0.968751618
0,938127724
0.15104891 9

3.00
lt'.

2.00
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CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS
Exercise 1

TRAWL COD-END SELECTION PROBLEM
COVERED COD.END EXPERIMENT

Yellowtail flounder on Georges Banit

Codend ~ 14 cm, diamond mesh; Cover ~ 5 cm, square mesh

Part 1: Determine the selection c~rve by linear regression'on cnatural log transformed data.

Number in Number in Total Probability 1-P In PJ t-P!!
Cod-end Cover cod end I total

Fish Length l.ength
clrl ITlid int

-2.42
-1.61
-0. 84
-0.20
0.57
1.76
3.00

10-12
13-15
16-18
19-21
22-24
25-27
28-30
31-33
34-36
37-39
4042
4345
4648
49-51
52-54

11
14
17
20
23
26
29
32
35
38
41

47
50
53

0
0
10
20
33
48
107
95
87
60
60
20
12

2 0

0

102
90
60
43
21

5 0
0 0

0 0 0

0
50
112
110
93
91
128
100
87
60
60
20
12

2 0

0.00
0.09
0.18
0.35
0.53
0 84
0.95
1. 00

1 00
1.00
1.00
1 Xl

1. 00
1.00
0. 91
0.82
0 66
0,47
0.16
0.05
0.00
0 00
000
0.00
0.00



CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS
Exercis r 1

Fish length  cm!

From TOOIS, Data Analysis, Regression:
SUMMARY OUTPUT

Re iession Statlstt'cs

ANOVA

SS MS F Si nificence F
1 21.22051024 21.22051024 326.229144 9.55737E46
5 0 325239339 0,065047868
6 21. 54574958

Regression
Residual
Total

Coefficients Standard Error t Stet P-value Lower 95% U r 95N Lower 95.ON U r 95 ON
Intercept -7.507936 0.42870274 -17.5131514 1.1128E-05 -8.60994966 -6.405922309 -8.6099497 -6.40592231
X Variable 1 0.29018679 0.016066314 18 06181452 9 5574E-06 0 248887083 0.3314865 0 24888708 0.3314865

Part 2: 8ased on the selection curve, esdmate the L~ SF, SR for yellowtaiI Rounder,
using a 14 cm diamond mesh cond.

Multiple R
R Square
Adjusted R Square
Standard Error
Observations

0.992423654
0 98490471

0 981885652
0 255044835

7

6

4 2 0
c

-2



CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS Exercise f

1.00

0 75
V

0. 50

0.25

I 0.00

0 804020

Length  cm!

A3- 3I3



Exercise 2CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS

TRAWL COD-END SELECTION PROBLEM
ALTERNATE TOW EXPERIMENT

Cod on Georges Bank

Exp Trawl ~ 14 cm, diamond mesh; Lined Trawle 5 cm

Part 1: Determine the selection curve by non-linear regression of PL, versus L.



CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS Exercise 2

Number in Number in pi, Before Solver
lined trawl Exp Trawl  exp I lined! Expected  Observed-

pL, Expected!'

FiSh Length Length
 cml Midpoint

After Sotver
Expected  Observed-

pL, Expected!'

Sum of squares 0.337302849 0.025765418

Step 4 Use the new values of L vi and a2 to solve for tx and �

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

A3-32

11-15
16-20
21-25
26-30
31-35
3640
4145
46-50
51-55
56.60
51-65
66-70
71-75
76-80
61-85
86-90
91-95

96-100
101-105
106-110

13
16
23
28
33
38
43
48
53
56
63
58
73
78
83
BB
93
98
103
108

0 5
7 2
10
30
36
42
50
63
64
53
42
19
11
7

6 4 1
0

0 0 0 0 0 2 6 8
20
35
42
47
38
20
10

7 5 3 1
0

0 0000
O.OOOO
0 XOO
lO. 0000
0 0667
0 1667
0.1905
0.4000
0 4217
0.6563
0.6868
0.9048
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

0. 0001
0.0002
0.0006
0.0017
0.0045
0,0121
0 0323
0 0832
0 1978
0 4013
0 6457
0 8320
0 9309
0 9734
0 9900
0 9963
0 9986
0 9995

6 84214E-Og
5 05426EZB
3. 73174E-07
2.75162E-06
0.003865158
0. 023882065
0.025021142

0. 1 0037954
0.050118061
0 064993211
0 058146641
0 00529162

0 004780121
0 0007074

9 90384E-05
1 35736E-05
1.84558E-06
2. 50201E-07

0.0031
0.0065
0.0133
0 027'I
0.0546
0 1069
0.1988
0.3395
0.5158
0.6882
0 8206
0.9046
0.9516
0.9760
0.9883
0.9943
0.9972
0.9987

9. 75622 E~
4.16139 E-05
0.000176243
0.000735694
0.00014519

0.003570094
6.8721 5E-O5
0.003657349
0.008855943
0.001021939
0.004381618
3.84895E-OB
0, 00234 7 1 1

0 000575073
0. 000137311
3.23689E-05
7.58277E-06
1. 77094 E-06



CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS Exercise 2

1 00

I a, 075
C7

~ 050

025
0

L 000 0 20 40 60 90 100 120
Length  crn!

A3- 13



Microsoft Excel 8.0 Answer Report
Worksheet: [Chapter 5- Selectivity Exercises.xts]Exercise 2
Report Created: 5/17/00 9:09;52 AM

$l$72

Original Value Final ValueName

$F $76

$F$77

Target Cell  Min!
Cell

Adjustable Cells
CeH

Constraints

NONE

Name

Sum of Squares

L,~ After Solver
a2 A ter olver

Orig inal Value Final Value
0.026148906 0.025765418

52,59095727 52.56635074

0,140893899 0.145721666



Target Cell  Value Of!
Cell Name Originai Value Final Value

$F $105 PL, 0.75

Ad!ustable Cells
Cell Name Original Value Final Vaiue

$F$104 L rs 65.00 62,67

Constraints

NONE

A3 -35

Microsoft Excel 8.0 Answer Report
Worksheet: [Chapter 5- Selectivity Exercises.xls]Exercise 2
Report Created: 5/17/00 9:19:01 AM



Microsoft Excel 8.0 Answer Report
Worksheet: [Chapter 5 - Selectivity Exercises.xlsIExercise 2
Report Created: 5/17/00 9:20;21 AM

Target Cell  Value Of!
Cell Name Original Value Final Value

$1$105 0.20 0. 25

Adjustable Cells
Cell Name Original Value Final Value

$1$104 ~ zs 45.00 46.97

Constraints

NONE

A3-36



CHAPTER V SELECTIVITY OF MARINE FISH HARVESTING GEARS Exercise 3

GILLNET SELECT'ION PROBLEIsl FOR COO

Part 1: Determine parameters a and 6 for each paired comparison,

Sfe 1 Determine In B / Al far eaCh ccmpanSOn

2 1
C

-Iaf
E -2

-3

4 -5
-6

Lenttfh  cml

e ln B/Aj fa In C/A! x In C/B!

A3 � 32



E~era re 3CHAPTER V - SELECTIVITY OF MARINE FISH HARVESTING GEARS

Part 2: Determine SD fcr each Paired ccmpartacn.

Part 3: Determine L ~ far 13.5, 14.5, and t5.0 webbintt



CHAPTER V ~ SELECTIVITY OF MARIftE FISH HARVESTING GEARS Exercise 3

Part 4: Average the parameters ~ . b. SD and L~a resulgng from the two paired comparisons.

400

0
40 80

Part 5. Plot L-F and selectivity curve for each webbing.

Use the on inel data to lot L-F

~ 300

200cre

100

50 60 70
Length  cm!

13.6 ~14.8 ~16



CHAPTER V ~ SELECTIVITY OF MARIIIE FlSH HARVESTI7IG GEARS Exeraee 3

PIV  
A

PN 
6

PN 
C

Length
'I CP

Q. 75

4050

0.25

0 QQ

~'38 ~>48 ~ '6

40
41
42
43

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
TO
71
T2
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

Q. 00
0. 00
0 00
0 00
O. 00
0.01
Q. 01
0 02
0 04
0 07
0. 12
0. 19
0. 28
Q. 39
0 52
0.66
0. T9
0 90
0. 97
1 QO
O. 98
0,91
Q. BO
0 67
0 53
0.40
0. 29
0.20
0. 13
0 08
0.05
002
0 01
0,01
Q. 00
Q. 00
Q. 00
0 00
0.00
Q. 00
Q. 00
Q. 00
0 00
Q. 00
Q. 00
Q. 00
0 00
Q.QO
0 00
0.00
O. QQ

0.00
0 00
0 00
0.00
Q.QQ
0.00
Q.OQ
0 01
0 01
0 02
0 03
0 05
0. 07
0.11
0.16
023
0. 31
Q. 40
051
0,62
0 74
0 84
0. 92
0 98
1 00
0 99
0 94
0 87
0. TT
0. 66
0.55
0 44
0 34
0.25
018
0.13
Q. OB
0 05
Q.O3
0.02
0 01
0 01
0 OO
0 OO
0 Qp
0. QO
0.00
Q. 00
0.00
0 00
0 00

0.00
0.00
0 00
Q.OQ
0.00
0.00
Q. 00
Q. 00
Q. 00
Q. 00
0.00
0 00
0.00
0. 01
0. 01
0.03
0.04
Q. 07
0. 11
0.17
0. 24
0. 33
0 44
0.56
0.69
0.80
0 90
097
1 00
O. 99
Q. 94
Q. 85
Q. 74
0.62
0.50
Q. 38
0.28
0 20
0.14
0.09
0 06
0.03
0.02
0 01
0 01
0.00
0.00
0. 00
0. 00
0. 00
Q. 00

40 50 60 70 80 90
Length {cm!





CHAPTER Vl - YPR AND SSBPR Exera ree

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

Spe cise K hf M/K W L�

Given this variability in M/K 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 SOluticn to the yield per recruit problem, compare the
harvesting strategies  age at entry to the fishery, and fishing mortality! to maximize yieid for cod,
siiver hake and yellowtail flounder, Note that silver hake and cod have a IWK 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 yegowtail flounder,
respectively, and that management seeks to match trawl selection  L ra! lo YPRMAX, targets,
determine the appropriate mech SiZe for each epeciee. Recall that the simplified vOn Bertalanffy
age.length relationship is I � L  l

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

Notes

A. Summer flounder maturity parameters are a1 ~ 5 and iy1 ~ 2.37 and length-width relationship
parameters are a u 0.000, and b u 3,07,

B. NPDF SD is 5, and the LCDF steepness 0.33.

C. Develop the discrete time YPR and SSB per recruit curves at F intervals of 0.1 in the range of
0.0 tO 0.5, and intervale Of 0,5 in the range Of 0.5 tO 3.0,

D, When evaluating the SSB curve, nota the 20'4 of virgin SSB line.

A3-4!

'cod
haddock
'silver hake
winter flounder
'yellowtail flounder
plaice
summer Rounder

0.12 0.2
03$ 02
0.16 0 4
0.37 0.2
0. 63 0.2
0.17 0.2
0. 21 0.2

17 33 7 148
0.5 4.4 74
22 20 65
05 35 63
03 09 46
1.2 2,4 65
1.0 7.6 84



CHAPTER Vl - YPR ANO SSBPR

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
maxirnurn yield is reached.

Copy and Paste Special as Values the YPR column  cells K12 to K262! for each t, value,

Graph all t, series versus F.

From the graph. select the t, that gives the highest yield. To obtain 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,�soive for mesh length by using the equation m/ = L,+SF.

A3 -42



CHAPTER Vl - YPR AND BSBPR Exercise 1

Y2-1 Y2-2 Y2-3FW�EXP .. C Y1 Y2O Yieid

A3-43

0

0.01

0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1

0.11
0.12
0.13

0.14

0.15
0.18
0.17
0.1$
0,19
0.2
0.21'

0.22
0.23
0,24
0.25
0.26
0.27
0,28
0.29
0,3
0.31
0.32
0.33
0.34
0.35
0.36
0.37
0.38
0.39
0.4

0.41
0.42
0,43
0.44
0.45
0,46

0

0.068039127

O. 136078253
0.20411738

0.272156506
O. 340195833
0.40&234759
0,47$273$$8
0.544313013
0.612352 1 39
0.680391268
0,746430392
0.816489519
0.8$4508645

0,952547772

1.0205$6$98
1.086626025
1,156685152
1.22470427$
1.292743405
1.360782531
1.428821658
1.496860784
1.584899911
1.63293903$
1.700978184
1.769017291
1.837056417
1,905095544
1.97313467

2.041173797
2.109212923
2.17725205
2.245291177
2.313330303
2.38136943

2 449408558
2,517447683
2.5$54$8809
2.653525938
2,7 2 i 565063
2. 7$96041SS
2.$57843318
2.925682442
2.993721569
3.081760695
3.129799822

0

$84

1, 704

2,487
3,178
3,837
4,453
5,029
5,56$
6,073
B,S48
8,990
7,40$
7,$02

$,173

8,523
$,854
9,187
9,463
9,745
10,012
10,268
10,507
10,737
10,956
11 ~ 168
11,388
11,557
11,740
ii,sie
12,084
12,245
12,400
12,549
12,893
12,$30
12,983
13,092
13,215
13,334
13,450
13,581
13,$89
13,773
13,674
t 3,972
14,066

0

S,S04

13,608
20,412

27,218
34,020
40,623
47,827
54�431
61,235
68,039
74,$43
$1,647
88,451

95,255

102,059
108,$63
115,667
122,470
129,274
136,oTe
142,882
14S,BN
158,490
163,294
170,098
178,902
183,708
190,51 0
197,313
204,117
210.921
217,725
224,529
231,333
238,137
244,941
251,745
258,549
26$,353
272,157
278,SBO
285,764
292,568
299,372
308,176
312,980

4.5464
4.378$
4.2211

4,0728
3.9328
3,8009
3.6783
3.5587
3.4474
3.342

3.2423
3,1476
3.0578
2.9725

2.$914

2.$143
2,7408
2.6708
2.604

2.5403
2.47S4
2.4212
2.3655
2.3'[ 22
2.2612
2.2122
2.1852
2.1201
2.0768
2.0351
1.995

1.9565
1.9193
1,8835
1.$49

1.8157
1.7S38
1.7525
1.7225
1,B935
1.$654
1.6383
1.812

1.5865
1.5618
1.5378
1.5148

4.512
4.414

-3.321

4,233
%.14$
-3.068
-2.991
-2.91$
-2.S4$
-2.781
-2.717
-2.658
-2.597
-2.541

~ 2.4$7

-2.435
-2.38S
-2.33$
-2292
-2.247
-2205
-2.164
-2.124
-2,0$8
-2.049
-2.013
-1.979
-1,S45
-1.913
-1 882
-1,852
-1.822
-1.7S4
-1,766
-1.74

-1.714
-1.689
-1,864
-1.641
-i.Sie
-1.595
-1.573
-1.552
-1.531
-1,511
-1.492
-1.473

0.9S45
0.973

0,9523
0.9325

0.9134
0.$951
0.&775
0.8605
0.&442
0.&284
0,8132
0,7SM
0.7844
0. T708

0.7sTe

0.7448
0.7325
0.7205
0. 709
0.697$
0.6869
0.6764
0.$682
0.6582
0.8486
0.6373
0.6282
O,B193
0.8108
0.6024
O.SS43
0.5884
0.5786
0.5711
0.5838
0.5567
0.5497
0.543

0.5383
0.5299
0,5238
0.5174
0.5114
0.5055
0.4998
0,4942
0.4887

O. 1 0.0000
O.098 12511.4685

-0,09T 23886.4939
-0.095 34237,0335
-0.093 43663.5046
O.092 52258.0066
O.OS $0095.4109

O.OBS B 7254.3344
-0.068 73796.0078
-o.ose 79785,osis
O.065 $5288.1672
-0.084 90294.7569
-O.OS3 94907.4750
-0,0$1 99i 44.7216

O.OB 103041.0639
O.079 106627.7300
-0.078 'f 09932.7614
-0.077 112981.52S3
-0.078 115796.9110
-0.075 118399.5728
O.074 120S08.1843
O.073 123039.6274
-0.072 125109.1743
-0.071 12T030,6503
-0.07 128816.5789

O.OBS 130476.3117
O.OBB 132026.1448
4.088 133469.4239
O.067 134618.6371
O.OSB 1%075~
O.OBS 137253.0312
O.065 138355.$185
O.0$4 139389.0819
O.083 140358.7274
-0.062 141269.3958
-0.0$2 142125.507S
O.061 142931.103'i
O.OB 143889.8767
O,oe 144405.2107

O.059 145080.2039
O.058 145717.6975
-0.05S 146320.2992
O.057 146690.4039
O.057 147430.2138
O.058 147941.7543
-D.058 148428.$918
-0.055 148887.3460

0
0.125115
0.2388BB

0.34237
0 436835
0,52258

O.S00954
0.872543
0.73798

0.797651
0.852$S2
0.902948
0.949075
0.991447

1.G3041 1
1.080277
1.09932$
1.129815
1.157QSQ
1.183998
1.208082
1.230390
1.251 G92
1.270307
1.288'ISO
1.304783
1,320281
1334094
1.348188
1980755
1.37253

1.383558
1.393891
1 403587
1 412894
1.421258
1 429311
1 430899
1.444052
1.450802
1A57177
1.483203
1A68904
1.l74302
1.479418
1,404200
1.486873
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0.47
0.48
0.49
0,5
0.51
0.52
0,53
0.54
0.55
0.56
G,57
0.58
0.59
G.B
0,61
0.62
0.63
0.64
0.65
G,BB
0.67
0.6&
0.69
0.7
0,71
0.72
0.73
0.74
0.75
0.76
G.T7
0,78
0.79
0.8

0.81
0.82
0.83
0.&4
0.85
0.86
0.67
0.88
0.89
0.9

0.91
0.92
0.93
0.94
0,98
0.98
0.97
0.98
0.99

1.01
1.02
1.03
1,04
1,05
1.06

3.197838949
3,26567&075
3.333917202
3,401956326
3.469995455
3.5360345&1
3,606073708
3,8741 1 2834
3.742151981
3.&101 910&&
3.87&230214
3.946269341
4.014308467
4,082347594
4.15038672

4.21 8425847
4,286464974

4. 354504 f
4.422543227
4.490582353
4.5586214&
4.629N06Ce
4,694899733
4.782738859
4, 830777968
4.89&S17113
4.966856239
5.03489538&
5.102934492
5,170973619
5.239012745
5,307051672
5.375090999
5.443130125
5.511169252
5.57 9208378
5,647247505
5.71528&631
5,783325758
5.851384885
5.91940401 1
5.987443138
6.055482284
6,123521391
6.19156051 7
6.259599844
8.32763877

8.395677897
6.4S3717024
6.53175815
6.599795277
B.eer~
6.73587353

6,803912658
6.871951783
8.93999091
7.008030038
7.076069163
7.144108289
7.212147418

14,158
14,247
14,334
14.418
14,500
14,$79
14,658
14,731
14,804
14,&75
14,944
15,012
15,077
15,141
15,204
15,265
15,324
15,382
15,439
'f 5,494
15,548
15,801
15,652
15,703
15, T52
15,800
15,&48
15,894
15,939
15,963
16,027
16,oea
16,1f 1
16,152
16,192
16,231
16.2&a
18,307
1&,344
18,380
16,418
18,451
fe,485
fe,519
18,552
16,584
fe,efe
16,648
fe,er&
16,709
16,73S
fe,re&
fe,rae
16,625
18,853
18,680
16,907
16,933
16,959
16,985

319,764
326,588
333.392
340,196
34T,GOO
353,803
360,607
367,411
374,215
381,019
387,623
394,827
401,431
408,235
415,039
421,843
42&,648
435,450
442,254
449,058
455,SS2
462,688
469,470
476,274
483,078
489,882
498,886
503,490
510,293
517,097
523,901
530,705
537,509
544,313
551,117
557,921
564,725
571,529
57&,333
585,13&
591,940
598,744
605,548
612,352
619,158
825,980
S32,764
639,568
848,372
853,176
859,9&0
666,783
873,587
680,3af
667,195
893,999
700,803
707,807
714,41 1
721,215

1.4921
1.4702 -1.438
1,4469 -1.418
1.4283 -1.40f
1.4082 -1,384
1.3&86 -1,387
1.3698 -1,351
1.3512 -1,338
1,3332 -1.32
1,3158 -1.305
1.2988 -1.291
1.2819 -1.278
1.2657 -1.282
1.2499 -1.249
1,2345 -1,235
1,2194 -1,222
1.2048 -1.209
1.1904 -1.197
1.1764 -1.1&4
1.162& -1.172
1.1494 -1.16
1.1383 -1.149
1.1238 -1.137
1.1111 -1.128
1.0989 -1,115
1.0669 -1,104
1.0753 -1.094
1.0638 -1,084
1,0526 -1,074
1.0417 -1.064
1.0309 -1.054
1.0204 -1,044
1.010'I -1.035

1 -1.028
0.9901 -1.017
0.9804 -1.008
0.9709 4.999
0.9615 4.99
0.9524 O,Q&2
0.9434 4.973
0.9348 4.968
0.9259 4.957
0,9174 4.949
0.9091 4.942
D.9009 4.934
0.8929 4.926
0.885 4.919

0,8772 4.912
0.8898 4,904
0.8821 4.&97
0.&547 4.89
0.&475 O.BBI
0.8403 4.677
0.&333 O.&7
0.8264 4.884
0.8197 -O.S57
0.813 4.851

0.&085 4 &45
O.B O.83B

0,7937 4.832

0.4&33
0.4781
0.4729
0.4679
0.463

0.4581
0.4534
0,4488
0.4443
0.4398
0.4355
0.4312
0.427

0.4229
0.41&9
0.4149
0.411

0.4072
0.4035
0.3996
0.3982
0.3927
0.3&92
0,3858
0.3825
0.3792
0.3759
0.3727
0.3698
0.3685
0,3835
0.3808
0.3576
0.3547
0.3519
0,3491
0.3463
0,3438
0,3409
0,3383
0.3357
0.3332
0.3307
0.3282
0.3258
0.3234
0.321
0.3187
0.3184
0.3142
0.3119
0,3097
0.3078
0.3054
0,3033
0.3012
0.2992
0,2972
0,2952
0.2932

4.054
4.054

4.053
-0.052
-0.052
4.051
-0.051
4.051

4.049
4.049
-0.04S
-0.048
4.048
-0.047
-0.047

-0,048
-0.045

4.044

4.043
-0.043
-0,042
-0.042
-0.042
-0.041
-0.041
-0.041
4.04
4.04
4.04

4.039
4.039
-0.039
4.038
4.038
-0.038
-0.038
-0.037
4,037
4.037
4,037
4.038
-0,038
4.038
4.038
-0.038
-0.035
-0.035
-0.035
4.035

149324.703&
149740.4302
150135.&795
150512.3044
150870.S849
151212,6358
15153&.6140
151 &49.7252
152146.8293
152430.7261
152702.1601
152961.&247
153210.3685
153446.3890
153676.4556
153895.0931
154104.7943
154306.0205
154499.2040
154884.7501
154&63,0391
155034.4283
155199.2535
155357.&303
155510.4560
155857,4105
155798.9577
155ass.3463
156068.8112
156193.5743
156315,8450
158433.8217
156547.69 1 7
156657.6327
156763.8129
15&Bee.39 1e
156965.5201
157061.3418
157153.9930
157243.6030
157330.2948
157414.1853
157495.3859
157574,0024
157850.1358
157723.&817
157795.3322
157864.5744
157931,6917
157998.7835
158059.&859
158121,0712
1581&0.4489
158238.0851
158293.9832
158348.2839
158400.9851
15S452.1423
158501.8488
158550.1358

1.493247
1 497404
1.$0f 359
1.$0$f 23
1.508709
1.5121 2$
1.$1$3SB
1.$18497
1,$2f 48&
f,$24307
1,$27022
1.529818
1.$32104
1.$344&4
1.$36785
1.$38951
1.$4f 048
1.$4308
1.54I992
1.$48648
1.$4883

1.$50344
1,$51993
1,$5357&
1.$$$1 0$
1,$$$$74
1.$8799

1.559353
1.$80888
1.5S1938
1.$S31$8
1.$84338
1.585477
1.588578
1.587838
f,$88884
1.569855
1,$70813
1,$71 $4
1.572438
1.$73303
1.$74142
1.574964
1.$7574
1.$78501
1.$77239
1.$77953
1.$78848
1.$7931 7
1.$79988
1.$&0$9Q
f,5&f 211
1.$81&04
1.$823&1
1.$8294

1.$S34&3
1.$840 f
1.$84521
1.58501 8
1,$85501
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A3-45

1.07
1,08
1.09

1.11
1.12
1.13
1,14
1.15
1.16
1.17
1,18
1,'19
1.2

1,21
1,22
1.23
1,24
1.25
1.28
1.27
f,28
1.29
1.3
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
1,48
1.47
1.48
1.49
1.5
1.51
1.52
1.53
1.54
1.55
1,58
1.57
1.58
1.59
1.e
1.61
1.62
1.83
1.64
1.68
1.86

7,280186542 17,010
7.348225669 17,035
7.416264795 17,059
7.484303922 17,084
7.552343049 17,107
7.620382175 17,131
7.588421302 17,154
7.75646042S 17,178
7.824499555 17,199
7,892538681 17,221
7.960577808 17,242
8.028616935 17,264
8.098658061 17,285
8.164695188 17,305
8.23273431 4 17,326
8.300773441 17,34S
8,388812587 17,386
s.436851894 17,388
S. 504890821 17,405
S.572929947 17,424
8.640969074 17,443

8.7090082 17,481
8.777047327 17,480
8.845086453 f 7,498
8,91312558 'f7,516
8.981164708 17,533
9.049203833 17,550
9,11724298 17,568
9.165282086 17,585
9,253321213 17,601
9.321380339 17,B18
9.389399468 17,634
9.457438592 17,850
9.525477719 17,688
9.593516846 17,682
9.661555972 17,897
9.729595099 17.712
9.797834225 17,727
9.865673352 17,742
9. 933712478 17,757
10,0017516 17,772
10. 06979073 17,788
10.13782988 17,8OO
10.2 ISBBBQB 17,814
10.27390811 17,828
10.34194721 17.842
10.4OIKNI538 17,858
10.47802S49 17,869
1 0.54606462 17,882
10.61410374 1 7,895
10.88214287 17,908

10.750182 17,921
10,81822112 17,934
10.88828025 17,948
1 0.95429938 17,959
11.0223385 17.971
11.09037783 17.983
«.15841 676 17,995
11.22645588 18,007
11.29449501 18,019

728,019
734,823
741,628
748,430
755.234
7S2,038
758,842
775,846
782,450
789,254
796,058
802,862
809.686
818,470
623,273
830,077
838,881
843,685
850,489
857,293
M4,097
870,901
877,705
884,509
891,313
898,118
904,920
911,724
918,528
925,332
932,138
938,940
945,744
952,548
959,352
968,158
972,960
979,763
988,587
993,371

1,000,'ITS
1,008,979
1,013,783
1,020,587
1,027,391
1,034,195
1,040,999
1,04T,B03
1,054,808
1,081,410
1,068.214
1,075,018
1,081,822
1.088.826
1,095,430
1,102,234
1,109.03S
1,115,842
1,122.648
1, 129,450

0.7874
0.7812
0.7752
0.7692
0.7834
0.7578
0.7519
0.7463
0.7407
0.7353
0.7299
0,7248
0.7194
0.71 43
0.7092
0,7042
0.6993
0.8944
0.6897
0,6849
0.6803
O.BTST
0.6711
0.6687
0.6623
O.BS79
0,6538
0.6494
0,8452
0.641
0,8389
0.6329
0.8289
0.825

0.621'I
0.6173
o.ef as
0.609S
0,6081
0.6024
0.5988
0,5952
0.5917
0.5882
0.5S48
0.5S14
0.578

0,5747
0.5714
0,5882
0.585

0,5618
0.5587
0.5558
0.5525
0.5495
0.5484
0.5435
0.5405
O.5376

O.B26 0.2913 -0.034
-0.82 0,2894 -0,034

O.B15 0.2875 -0.034
O.SOQ 0.2856 O.O34
o.a03 0,2838 O.034
O.798 0.2819 -0.033
O,792 0.2801 -0.033
o,787 0.2784 O.033
o,781 0,2788 -0.033
-0.776 0.2749 -0.033
O.771 0.2732 -0,032
O.TSB 0,2715 -0.032
O.761 0.2698 O.032
O.756 0.2682 -0.032
O.751 0.2668 O.032
O.748 0.285 O.032
O.741 0.2634 O.031
O.738 0.2618 O.031
O.732 0.2602 -0.03'I
O.727 0,2587 -0,031
O.722 0.2572 -0.031
-0,718 0.255'7 -0,031
O.713 0.2542 O.03
O.709 0.2528 -0.03
O,705 0.2S13 -0,03

-0.7 0.2499 O.03
O.BQB 0,2485 -0.03
O.692 0.2471 O,03
O.688 0.2457 -0.029
O.684 0.2443 -0,029
-O.BB 0.243 O.029
4.876 0.2417 O.029
O.B72 0.2403 O,029
O,B68 0.239 -0.029
O.664 0.2377 -0,028
-0.66 0.2385 -0.028

O.SSB 0,2352 -0.02S
O.653 0.2339 -0,028
-0.649 0.2327 O.028
O.64S 0.2315 O,028
-0.642 0.2303 O,028
O,638 0.2291 O.O28
o.a3s 0.2279 o.o27
O.631 0.2287 O.O27
O.628 0.2255 O.O27
O.B24 0,2244 -0.027
O.B21 0,2233 -0.027
O,S18 0.2221 -0.027
-O.Bf4 0.221 -0.027
-0.611 0,2199 O.028
O.608 0.2188 O,028
O.eos 0.2177 o.028
O.601 0.2167 O.028
O.598 0.2158 O.028
O.596 0.2145 -0.028
O.592 0.2135 O.028
O,589 0.2125 -0.026
O.588 0.2115 O,026
O.583 0.2104 -0.025
O.SB 0.2094 -0,025

158597,0513
158842.8429
158688.9553
158730.0314
158771.9128
156812.8390
158852.2481
158890,7768
158928.2602
158984.7321
159000.2249
159034,7700
159068.3973
159101.1359
1 591 33.01 34
159164.0567
159194.2916
159223.7428
159252.4345
159280.3S95
159307.6302
159334.17SO
159360.0534
1593S5.2765
159409.8665
159433,8420
159457.2207
159480,0202
159502.2589
159523.9471
159545.1083
159565.7496
1 59585.8915
159605.5461
159824.7269
159643.4471
159661.7195
159679.5563
159898,9694
159713.9703
159730.5701
159748.7797
159782.6098
f59778.0897
159793.1699
159807.9197
159822.3283
159838.4048
159850.1572
159883.5948
159876.7248
1 59889.55s7
159902.0949
159914.3499
159926.3278
159938.0355
159949.4800
159960,6877
159971.6050
159982.2980

1,585971
1.58842$
1.SB887
1.5873

1,58771 9
1. 588128
f.588522
1. S88908
1. S89283
1. 589847
1.590002
1.590348
1.S90$84
1.591011
1.59133
1. S91 $41
1.S91943
1.592237
1.592524
1.592804
1.593078
1.593342
1.$93801
1.593853
1.594099
1.594338
1.594572

1.S948
1.595023
1.595239
1.595451
1.59$8S7
1.5958 S9
1.598055
1.598247
1.598434
1.598817
1.S98798
1.58897
1.59714

1.59raO8
1.597488
1m7e28
1,597781
1.597932
1.888079
1.598223
1.598384
1.598502
1.s98e38
1,SQ8787
1.SQ8898
'f.599021
1.599143
1.599283
1.$9938
1.$9949$
1.S99807
1.S997'f 8
1.59982$



CHAPTER V1 - YPR AND SSSPR ExeN;lee 1

A3-46

1.&7
1.68
1.69
1.7

1,71
1,72
1.73
1.74
1.75
f.r&
1.77
1.78
1,79
1.8

1.81
1.82
1.&3
1.84
1,85
1.&6
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
2.01
2.02
2.03
2.04
2.05
2.06
2.07
2.08
2.09
2.1
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.2
2,21
2.22
2.23
2.24
2.25
2,28

11.36253414 1&,030 1,138,253
11.43057326 1&,042 1.143,057
11A9861239 18,053 1,149,861
1 1.56885152 18,064 1,156,665
11.63469064 f&,OTB f,f &3,469
11.70272977 1S,087 1,170,273
f 1.7707889 1 8,097 1,177,077

11.&3880&02 18,108 1,183,8&1
11.90884715 18,119 1, 1 90,685
11.974&8828 18,129 1,197,489
12.0429254 18,140 1,204.293
12.11096453 18,150 1,211,096
12.17900365 18,16 f 1,217,900
12.24704278 18,171 1,224,704
12.31508191 f&,181 1,231.508
12,38312103 f&,191 1,238,312
12.45116016 18,20f 1,245,116
12.51919929 18,210 1,251,920
1 2.58723841 18,220 1,258.724
12.65527754 18,229 1,265,52S
12.72331667 18.239 1,272,332
12.79135579 1S,24S 1,279,136
12,85939492 18,258 1,2&5,939
12.92743405 18,287 1,292,743
12,99547317 18,278 1,299,547
13.0635123 18,2&5 1,306,351

13.13155143 18,294 1.313,155
13,19959055 18,303 1,319,959
13.28782968 18,312 1,326,783
13.33586881 18,320 1,333,587
13,40370793 18,329 1,340,371
13.47f 74706 18,337 1,347,175
13,53978619 18,346 1,353,979
13.60782531 18,354 1,360,783
13,87586444 18,383 1,367,586
13,74390357 1S,371 1,374,390
13.&1194289 18,379 1,381,194
13,&TQQS182 18,387 1,3&7,998
13.94802095 18,395 1,394,802
14.01806007 18,403 1,401,606
14.0840992 18,411 1.408,410

14.15213833 18,419 1,415,214
14.22017748 18,428 1,422.018
14.2882 f 658 18,434 1,428,822
14,35625571 18,442 1,435,628
14.42429483 18,449 1,442,429
14.49233398 f&,467 1,449,233
14.56037308 18,46I 1,458,037
14,62841 22f f 8,47«,482,841
14.89845134 18,479 1,489,648
14.78449048 18,488 1,478,449
14,83252959 18,493 1,483,253
14.90058872 1&,500 1,490,057
f 4.96&60784 18,507 1,498,&81
15.03864897 18,614 1,503,665
15.1048881 1&,521 1,510,469
1 5.17272522 18,528 1,517,273
f 5.24078435 f 8,538 1,524,078
15,30880348 18,542 f,530,SBO
15.3768426 18,548 1,537,884

G.5348
G.5319
0.5291
0.6283
0,5236
0.5208
0,51&1
0.5155
0.5128
0.5102
0.507S
0.505 1
0.5025

0.5
0.4975
0.495

O,4926
0.4902
0.487S
OAB54
0,4831
0.480S
0.4785
0.4762
0.4739
0.4717
0.4695
0.4873
0.4651
0,463

0.460S
0.4587
0.4566
0,4545
0.4525
0.4505
0.4484
0.4484
0,4444
0.4425
0.4405
0.4386
0.4367
0.4348
0.4329
0.431

0.4292
0.4274
0,4255
0.4237
0.4219
0.4202
0.4184
0,4187
0,4149
0.4132
0,4115
0.4098
0,4082
0.4065

O.577 0,2084
O.574 0.2075
O,571 0.2065
o.569 0.2055
-0.568 0.2048
O.563 0.2036
-0.58 0.2027

o.558 0.2018
O,555 0.2008
O.552 0.1999
O.55 G,199
O.547 0.1981
4,544 O.f972
O.542 0,1983
-0,539 0.1955
O.537 O.f946
O.534 0.193S
O.532 0,1929
O.529 0.1921
-0.527 0.1912
O.525 0.1904
O,522 0.1898
O.52 0.1&SB

O.517 0,188
O,515 0.1872
O.513 0.1884
O.511 0.1858
O.508 0.1848
O.508 0,184
O.504 0.1S33
-0.502 0,1825
O.499 0,1817
o.497 0.181
O,495 0,1803
O.493 0.1795
O.491 0.1788
OA&9 0.17&1
O.4&7 0.1773
O.4&5 0,17SB
O.483 0.175a
O.4&1 0.1752
O.479 0,1745
O.477 0.1738
-0.475 0.1732
O.473 0.1725
O.471 0.1718
O.469 0.1711
OAB7 0.1705
OABS o.fe98
O.463 0.1692
O,461 0,1685
O.459 0.1879
O.458 0.1672
O.458 0.1868
OA54 0.168
O.452 0.1863
-0.45 0.1847
-OA49 0,1641
OA47 0.1835
O.445 0.1629

-0.025 159992, 7529
o.025 feooo2.9754
O.025 160012.9713
O.025 160022.7459
O.025 160032.3047
-0.025 160041,8529
-0.025 160050.7955
O.024 160059.7374
-0.024 160068.4835
O,024 160077.0382
-0.024 160085.40&3
O.024 160093,5920
O.024 160101.5996
-0.024 160109.4333
-0,024 1 So 1 17.0971
-0.024 160124.5949
-0.023 160131,9306
-0.023 160139.1079
-0.023 180146.1306
-0.023 160153.00 1 7
-0,023 160159.7251
O.023 160166.304 f
-0.023 1 60172.7418
-0.023 180179.0415
O.023 1601&5.2082
O,023 1 SOl 91.23&9
O.023 1&0197.1427
O.022 180202.9202
O.022 160208.5744
O.022 160214.1078
-0.022 160219.6233
O.022 180224,8232
-0,022 160230.0103
-0.022 160235.086S
-0.022 160240.0552
O.022 160244.9178
-0.022 180249.8770
O.O22 160254.3348
O.022 160258.8934
O.021 180263.3551
O.021 180287.7217
O.021 180271.9954
O.021 160276,1781
O.021 180280.2716
O.02 1 160284.2779
-0.02f 160288.1988
O.G21 180292.0361
O.021 160295.7914
O.021 160299 A865
O,021 1 80303.0830
O.021 180308,5828
o.02 1 80310.0268
O,02 160313.3971
O,02 160316.8952
O.02 160319.9223
O.02 180323.0800
O,02 160326.1897
-0,02 160329.1928
O.02 180332.1505
O.02 160335.0442

1.599928
1.80003
1.80013
1.800227
f.800323
1,8004f 7
f.eooeoe
f.eooeal
1,eooeee
1.&0077
1.Booe54
f.eoO93e
1.eof of e
1.d01094
f.eoffrf
f,eo1 248
f.eof 31 9
1.8013af
1.801 481
f.80163

f.eofeal
1.801ee3
1.601727
f .eo179

f,eo1852
1.&01912
f.eof Qvf
f.602029
1.&020&8
1.eo2141
1.802195
1.602248
1.e023

1.&o2351
1.802401
1.802449
f.802497
1.802543
1,602589
1.802834
1.802 B77
1.60272

f.B02782
1.802803
1.802843
f.e02882
1.80292
f.eo2988
1.802995
1.803031
1.803088

1.8031
1.803134
1.803187
1.803199
1.80323f
1.803282
1 .B03292
1.803322
1.80335



CHAPTER VI - YPR AND SSBPR
Exerc ao 1

A3 ~ 47

2,27
2.28
2.29
2.3

2.31
2.32
2,33
2.34
2.35
2,36
2.37
2,38
2.39
2,4

2.41
2.42
2.43
2,44
2,45
2.46
2.47
2.48
2.49
2.5

15.44468f 73 18,555 1,544,488
15.51292086 18,561 1,551,292
15.58095998 18,568 1,558,096
15,64699911 18,574 1,564,900
15.71703824 18,5S1 1,571,704
15.78507738 18,587 1,578,508
15.85311649 16,594 1,585,312
15.92115562 f8,600 1,592,116
15.96919474 16.608 1,596,91 9
16.05723387 18.61 2 1,605,723
16.125273 18,818 1,612.527

16.19331212 18,625 1,619,331
1B.26135125 1S,631 1,626,135
16.32939038 18,637 1,632,939
1B.3974295 1S,643 1,839,743
18.46546883 18,848 1,846,547
16.53350778 18,654 1,653,351
18.60154688 18,660 1,660,155
16.66958601 18,666 1,666,959
16.73762513 18,672 1,6r3,re3
1 6.80566426 18,677 1,680,566
16.87370339 18,683 1,687,370
16,94174251 18,689 1,694,174
17.009781 64 18,694 1,700,978

0.4049
0.4032
0.4016

0,4
0.3964
0.3968
0.3953
0.3937
0,3922
0.3906
0.3891
0.3876
0,3861
0.3846
0.3831
0.3817
0,3802
0.3788
0.3774
0.3759
0.3745
0.3731
0.3717
0.3704

-0 444 0.1623 O.02
O.442 0.1617 O.O2
-0.44 0.1611 -0.02

-0.438 0 1605 O02
-0.437 0.1599 O,02
O,435 Q.1594 O.Q19
-0.433 0.1588 -0.019
-0,432 0.15S2 O.019

0.15r8 -0.019
o.429 0.1571 -0.019
o.427 0.1565 -0.019
O.425 0,156 O.019
O.424 0.1554 O.019
O.422 0.1549 O,019
-0.421 0.1543 -0.019
-0.419 0.1538 O,019
-0,418 0,1532 -0.019
O.416 0.1527 O.019
-0.415 0,1522 O.019
-0.413 0.1517 O.019
-0.412 0.1511 -0.019
O.41 0.1508 -0,018

O,409 0.1501 -0.018
O.407 0.1496 -0.018

160337.6751
160340.6446
160343.3538
160346.0039
160348.5982
160351, 1 316
160353.6115
1B0356.0367
160358.4085
160360.7276
160362.9957
160365,2132
160367. 3813
1 eo369.sooe
160371.5728
1B0373.5981
160375.5777
1 60377.5124
160379.4031
180381.2506
160383.0558
160~.81 94
160386.5422
160388.2251

1.8033T9
1.803408
1.803434
1.80348

1.8034ed
f.eo3811
1.803538
1.80358

1.803884
1.803807
1.803d3

1 .803852
1.803874
f .803898
f.e03rf e
1.803738
1.803788
1.803775
1.803794
1,80381 3
1.S03831
1.803848
1.803885
1.803882



CHAPTER Vl - YPR AHO SSBPR Exercjse 1

F t, = 1 t = 2 t, = 3 t, = 4 t, = 5 t = 8 t = 7 t, = 6 t, = 9
0 0 0 0 0

0.0'I 0,1781 0.1787 0.1769 0.1719
0.02 0,325 0.3292 0.3286 0,3218
0.03 0.4456 0,4556 0.4588 OA52
0.04 0.5442 0.5618 0.5699 0.5857
0.05 0.6242 0,6502 0,8852 0.6847
0.08 0.6685 0.7239 0.7465 0.751
0.07 0.7397 0.7846 0.8159 0,8282
O.OS 0.7798 0.835 0.8748 0.8917
0,09 0.6106 0.876 0.9249 0.9486
0. 1 0.8338 0.909 0,9672 0.9982

0.11 0.8501 0.9354 1.0028 1.0412
0.12 0.8811 0.9561 1.0328 1,07SB
0.13 0.8675 0.9719 1.0574 1.111
0.14 0.8701 0.9835 1.0779 1.139
o.15 O.SS98 O,9916 1,0948 1.1632
O,16 0,8884 0.9967 t.foa».fa4
O.f7 O.SBft 0.9993 1,1188 1,2019
0.18 0.854 0.9998 1.127 1.2171
0.19 0.8455 0.9984 1.1332 1.2301
0.2 0.6358 0.9955 1. t 375 1.2411
0.21 0.5252 0.9913 1.1403 1,2503
0.22 0.8139 0.9881 1. 1 417 1.258
0,23 0.802 0.9799 1. 1 419 1.2643
0,24 0.7897 0.973 1.1412 1.2694
0.25 0.7772 0.9655 1.1 395 1,2734
0,26 0,7644 0,9578 1.1372 1.2765
0.27 0,75f 5 0.9492 1 . f 342 1 .2788
0.28 0.7385 0.9405 1.1308 1.2803
0.29 0.7258 0.9318 1.1266 1.2813
o.3 0.7128 0.9225 1.1223 1.2816

0.31 0.7 0.9133 1.1175 1.2815

0 0
0.1638 0.152569
0.308 0,268754

0.4356 0.410416
0.5483 0.5f 9195
0.648 0.616535

0.7362 0.703715
0.8142 0.761 862
0.6834 0.851 972
0.9448 0.914927
0.999 0.971505
1.047'f 1.022397
1,0899 1.068213
1,1278 1.109494
1.1614 1,146722
1,1913 1.180321
1.217S f.2'10872
1.2413 1.2381 08
1.2622 1.262931
1.2607 1,285406
1 2971 1.30577
1.3117 1,324234
1.3245 1.3409S7
1,3359 1.356198
1.346 1,3700f6

1.3548 1.382578
1.3826 1.393998
1,3894 1 AO4391
1.3754 1.413851
1.3808 1.422485
1.3852 1.4303 1 1
1.3891 1.437458

0 0 0
0,1395 0.1251 0.1102
0.2852 0.23S9 0.2112
0,3786 0.3424 0.3039
oAsf o.4368 0.3669
0.5735 0.5228 0.487
0.6573 0.601 0.5368
0.7331 0.6725 0,6048
0.8018 0.738 0,6856
0.8641 0.7979 0.7217
0.9207 O.S527 0.7734
0,9722 0.9029 0.8211
1.019 0.9491 0.6652
f.0817 0.9914 0.908
1,1008 1.0304 0,9438
1. t 381 1.0683 0.9788
1.1685 1.0993 1,0113
1.1982 1.1298 1.0414
1.2254 1.158 1,0695
1,2503 1.184 1.0955
1.2732 1.2081 1.1f 96
1,2942 1.2304 1.1425
1.3135 1.2511 1.1636
1.3312 1.2703 1.f 833
1.3476 1.2882 1.2018
1.3627 1,304S 1.219
f,3757 1,3203 1.2352
1,3898 1,3347 1,2504
1.4015 1.3482 1 .2648
1 A128 1.360S 1.278
1.4228 1.3725 1.2906
1.4323 1.3836 1.3025



CHAPTER VI - YPR AND SSBPR
Exerc/se 1

1.3924
1.3953
1.3977
1.3997
1,4013
1.4026
1.4038
1.4044
1.4049
f .4052
1.4053
1,4052
1.4049
1.4046
1.404

1.4034
1.4027
f .4019
1.401

1.4
1.399
1.3978
1. 3967
1.3955
1.3942
1.393

1, 3916
1.3903
1.3&89
1.3875
1,3861
1.3847
1.3S33
1,3818
1,3804
1,3789
1.3774
1.37e

1.3745
1,373
1.3716
1.3701
1.3688
1.3672
f.3657
1.3843
1,3828
1.3614

1.38
1,3586
1.3571
1.3557
1.3543
'f.353

1.3518
1.3502
1,3489
1.3475
1.3482
1,3449

A3 - 49

0.32
0,33
0.34

0.39
0.4

0.41
0,42
0.43
0.44
0.45
0.48
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
O,B

0.81
0.62
0,53

0.85
0.66
O.B7
0.68
0.89
0.7
0.71
0.72
0.73
0.74
0.75
0.76
0.77
0.78
0.7I
0.8

O,W
0.82
0.83
0.84
0.85
0.86
0.87
0.88
o,&e
0.9

0.91

O.BB74
0.6749
0,6627
0.6506
0.8387
0,6271
0, 6157
0.6046
0.5938
0,583
0.5725
0,5823
0.5524
0,5427
0.5332
0.524

0.5149
0.5062
0.497 e
0.4892
0,4811
0.4731
0,4654
0.4578
0.4505
0.4433
0.4363
0.4295
0.4228
0.4164

0.41
0.4039
0.3978
0.392

0.3863
0,3807
0.3752
0.3899
0.3647
0,3598
0.3547
0.3499
0.3452
0.3405
0.338
0.3317
0.3274
0,3232
0.3191
0.3151
0.3111
0.3073
0,3038
0.2999
0.2963
0.2928
0,2894
0.286

0.2827
0.2795

0.9041
0,8948
0.8854
0,8761
0.8689
0.&577
0,8486
0.8396
0.8307
0.8219
0.8132
0.8047
0.7963
0.788
0.7799
0.7719
O. 7641
0.7564
0.7489
0.7415
0,7342
0,7271
0.7201
0,7133
0.7085

0.7
0.6935
0.6872
0.881
O.B75
0,669

0.6632
0.8575
0,6519
0.6485
0.6411
O.B358
O.B307
0.8256
0.6207
O.e 158
0.6111
0.6084
0.6019
o.sa74
0.593

0.5887
0.5845
0.5803
0.5762
0.5723
0.5683
0.5845
0,5607
0.557
0.5534
0.5498
0.5464
0.5429
0.5395

f.11 28
1.1074
1,102

1.0964
1.0908
f, 085

1.0792
1,0733
1.0674
1,0815
1.0558
1.0498
1,0439
1.03S1
1.0323
f, 0265
1,0209
1,0152
f, 0098
1,0041
0,9987
0.9933
0.988

0.9828
0.9778
0,9725
0.9675
0.9626
0.9577
0,9529
0.9482
0.9436
0.939
0.9345
0.9301
0.9257
0.9215
0.9172
0.9131
0.909
0.905

0.9011
0,8972
0.8933
0.&see
0.&85e
0.8823
0,8787
0.8752
0.8717
0.8883
0.8849
0.8618
0,8584
0.8552
0.852
0.8489
O.&459
0.8429
0.8399

1.2809
1.2799
1.2786
1.277

1,2752
1,2731
1,2708
f,2684
1,2658
1.2631
1.2603
1.2574
1.2544
f.2514
1.2483
1 .2452
1.242
1.2388
1,2358
1.2324
1.2291
1.2259
1.2227
1,2195
1.2183
1.2131
1.2099
1.2087
1.2038
1.2005
1.1974
1. 1943
1.1913
1. 1883
1,1853
1.1824
1,1795
1.1766
1.1737
1.1709
1.1881
1. f 654
1.1627

1,16
1.1573
1.1547
1,1521
1.149S
1,147
1.1445
1.1421
1,1396
1.1372
1.1349
1,1325
1.1302
1.1279
1.1257
1.1234
1.1213

1.443971
1.449905
1.455313
1.48024

1.464l28
1.488815
1.472535
1.47592

1.478997
1.481793
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1 .486627
1.488708
1.490587
1.492281
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1.495172
1.496394
1,497483
1.498448

1.4993
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1.500895
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1,502455
1.502718
1.502916
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1.503059
1,502939
1.502788
1.502602
1,502389
1.502151
1.50f BS7
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1.500968
1.500623
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1.499887
1.499497
1.499095
1.49868

1.496255
1.49782

1,497376
1.496923
1.498484
1.495997
1.495524
1.495048
1,494563
1.494075

1.44f 1
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1.4569
1.464

1.4707
1.4788
1.4826
1.488
1.493

1.4977
1.5021
1.5082
1.5101
1.5137
1,5171
1.5203
1,5233
1.5281
1.5288
1.5313
1,5336
1.5358
1.5379
1.5399
1.5417
1.5434
1.5451
1,5468
1.5481
1.5495
1.5508
1.552
1.5531
't.5542
1.5553
1,5562
1.5571
1,558

1.5588
1.5596
1.5803
1.561

1.5817
1.5823
1.5828
1.5634
1.5639
1.5644
1.5648
1.5653
1.5658
1.568

1.5664
1,5887
1.567

1.5673
1.5878
1.5678
1.5681
1.5683

1.3136
1.3242
1,3341
1,3436
1.3525
1.3609
1.3889
1,3765
1.3837
1,3905
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1,4032
1.4091
1.4147
1,4201
1.4252
1.4301
1,4348
1.4393
1.4438
1.4477
1.4517
1.4554
1.4591
1.4826
1,4659
1.4892
1,4723
1.4753
1.4781
1.4809
1,4836
1.4862
1.4&87
1.4911
1.4934
f.4957
1.4978

1.5
1.502
f.504

1,5059
1.5077
1,5095
1,5113
1.513
1.5146
1.5182
1.5177
1.5192
1,5207
1.5221
1.5235
1.5248
1.5262
1.5274
1.5287
1.5299
1.531

1.$322

1.3939
1.4036
1.4127
1.4213
1,4293
1.436a
1.444 1
f.4508
1.4572
1.4632
1.4689
f .4743
1.4794
1.4843
1.4&Be
1.4932
1.4ar4
1.5014
1.5051
1.5087
1.5121
1.5154
1.5185
1.5215
1,5243
1.527

1.5298
1.5321
1.5345
1.5368
1,539
1.54 1
1,5431
'f.545

1.5468
1.5486
1.5503
1.552

1.5536
1,5551
1.5566
1 .558

1.5594
1.5807
1.5819
1.5832
1.5643
1.5855
1,5688
1.567e
1.5687
1,5697
1.5708
1.5715
1,5724
1.5733
1.5741
1,575

1.5757
1,5765
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0.92

1.01
1.02
1.03
1.04
1.05
1.06
1.07
1,08
1.09
1.1

1.11
1.12
1.13
'f.14
1.15
1,18
1.17
1.18
1.19
1,2
1.21
1,22
1.23
1.24
1.25
1.26
1.27
1.28
1,29
1.3

1.31
1.32
1.33
1.34
1.35
1.36
1,37
'f.38
1.3%.
1.4I.

f.~
1.43
1.44
1.45
1.46
1.47

1.49
1.5
1.51

0.2764
0,2733
0.2703
0.2673
0.2644
0.261 6
0.2588
0.256 1
0,2534
0,2506
0,2482
0.2457
0.2433
0.2409
0,2385
0.2362
0.2339
0.2316
0.2295
0.2273
0.2252
0.2231
0,2211
0.2191
0.2171
0.2152
0.2133
0,2114
0.2098
0.2078
0,2061
0.2043
0.2026
0.201
0.1993
0.1977
0. 1 961
0.1948
0.193
O.f916

0.19
0.1888
0.1871
0,1S57
0.1843
0.183

0.1818
0.1S03
0. 119

0.1777
0.1784
0.1752
0.174

0.1728
o.171 e
O.f 704
o.f893
0.1881
0.167
0.1659

0.5362
0.533

0.5298
0.5268
0,5238
0.5205
0.5178
0.5148
0.5118
0.5089
0,5061
0.6034
0.5007
0.4981
0,4955
0.4929
0,4904
0.4879
0.4855
0.4831
0.4808
0.4785
0.4762
0,4739
0,4717
0.4695
0.4674
0.4663
0.4832
0.4612
0.4592
0.4572
0,4552
0.4633
0.4514
0.4495
0.4477
0.4459
OA441
0.4423
0.4406
0.4389
OA372
0.4355
OA339
0.4322
0.4308
0.4294
0.427$
0.428

OA245
0.423
0.4215

0.42
0.4186
0.4172
0.4158
0,4144
0.4131
OA117

0.837
0.8342
0.8313
0.82es
0.8258
0.8231
0.8205
0.8179
0.8153
0.8128
0.8103
0.8078
0,8054
0.803

0.8007
0,7984
0.7961
0.7938
0.7918
0.7894
0.7873
0.7851
0.763
0.781
0.7789
o.7769
0.7749
0.773
0.771

0.7B91
0.7673
0,7854
0.7636
o.7efe

0.76
0.7583
0.7565
0.7548
0.7531
0.7515
0.7498
0.7482
0.7468
0.745
0.7434
0,7419
0.7404
0.7389
0.7374
0.7359
0.7344
0.133

0.7318
0.7302
0.7288
0.7274
0.7261
0.7248
0.7234
0,1221

1,1191
1.117

1.1148
1.1128
1.1107
1.1087
1.1067
1.1047
1.1027
1.1008
1,0969
1.097

1.0952
1.0933
1.0915
1.0897
1,088

1.0862
1.0845
1.0828
1.0S11
1,0795
1.0778
1.0762
1 .0748
1.073
1.0715
1.0699
1.0684
1.0669
1.0654
1.064

1,0625
1.0611
1.0597
1.0583
1.0689
1.0555
1.0542
1.0528
1.0515
1,0502
1.0489
1.0478
1.0464
1.0451
1,0439
1.0427
1.0416
1.0403
1.0391
1.0379
1.0368
1.0358
1.0346
1.0334
1,0323
1.0312
1.030'I
1.029

f .3436
1.3423
1.341

1.3397
1,3384
1 3372
1.3359
1.3347
1.3335
1,3323
1.331 1
1.3299
1.3287
1,3276
1.3264
1.3253
1.3241
f .323
1,3219
1.3208
1,3197
1.3187
1.3176
1.3165
1.3166
1.3146
'f.3134
1.3124
1.3114
1,3104
1.3094
1,3085
1.3075
1.3065
1.3058
1.3047
1.3037
1,3028
1.3019
1.301
1,3001
'f.2992
1.2983
1.2975
1.2968
1,2958
1,2949
1.2941
1.2933
1.2924
1,2918
1.2908

1.29
'f,2893
1.2885
1,2877
1.2S89
1.2862
1,2654
1.2S47

1,493584
1 493089
1.492591
1.49209

1.491588
1.491083
1.490577
1,49007

1.489562
1.489053
1.488544
1.488035
1.4S7528
1,487017
1,486509
1,486001
1.485495
1.484989
1.484484
1. 483981
1.48348
1.48296

1.482481
1.481985
1.4ef 49

1.480997
1.480508
1.48001S
1.479531
1,479047
1.478566
1,478088
1,477609
1.477136
1.478863
1,478193
1.475727
1.475282
1.474801
1.474342
1.473888
'f.473433
1.472982
1,472534
1.472089
1.471646
1,471207
1.47077

1.470338
1,469905
1.469476
1.469051
1.468628
1.468208
1.48779
1.467378
1,486984
1 A66556
1.486149
1.486746

1.5685
1.5687
1.5888
1.569

1,6891
1.5693
1,5694
1. 5695
1,6696
1.5697
1,5698
1,5699
1.5899

1.57
1,57

1,5701
1.5701
1.5701
1.5701
1.5702
1.5702
1.5702
1.5702
1.5701
1.5701
1.5701
1.5701
1.5701
1.57
1.67
1.51

1.6699
1.5699
1.6698
1,5698
1.sea1
1.5698
1.5896
1,5895
1.5894
1.5694
1.5893
1.5692
1.5692
1,5691
1.689
1.5589
1.588S
f.5687
1,5887
1.6888
1.5688
1.5884
1.5683
1.5682
1.Mef
f.ses

1.5679
1,5878
1.SS77

f .5772
1.578
1.5786
1.5793

1.58
1.5808
1.6812
f.sefe
1.5824
1.5829
1.5835
1.584

1.5845
1.585

1.5855
1,586

1.5884
1. sesa
'1.5873
1,5877
1.5881
1. 5885
f.seea
1,5893
1.6896
1.59

1.5903
1.5907
1.591
1.59'f 3
1.6916
1.5919
1.5922
1.5925
1.5928
1.5931
1.5933
1,5938
1.5939
1.594 1
1.5943
1.5948
1.5948
f.595

1.5952
1,5958
1.5957
1.5969
1,5981
1.5982
1,5984
1.5988
1.5968
1.597

1.5971
1.5973
1.5975
f.sa7e
1.5978
f.5979

1,5333
1.5344
1.5354
1.5385
1.5375
1.5385
1.5394
1.5404
1.5413
1,5422
1,543
1.5439
1.5447
1.5455
1.5463
1.5471
1 .5479
f. 5486
1,5493

1.55
1.5507
1.5514
1,5521
1.5527
1.5634
1.554

1,5548
1.6552
1,5558
1. 5584
1.5569
1,5575
1.558
1,5586
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1,5596
1.5801
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1,5611
1.561 6
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1.5825
1.5629
1.5834
1.5838
1.5642
1.6648
1.5651
1.5855
1 .5659
1.5682
1.5666
1,567

1.5874
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1.5684
1.5688
1,5691
1,6695
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1.61
1.62
1.63

1.65
1.56
1.57
1.68
1.69
1.7

1,71
1.72
1.73
1,74
1.75
1.76
1.77
1.78
1.79
1.8

1.61
1. 62
1,83
1.84
1.85
1.86.
1.87
1.88
1.69
1,9

1.91
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
2.08
2,07
2.08
2.09
2.1

2.1 I

0.1848
0.1638
0.1627
0.1617
0.1607
G. 1 596
0,1587
0.1577
0.1567
0.1558
0.1548
0.1539
0.153
0.1521
0,1512
0.1503
0.1495
0.1486
0,1478
o.148a
0.1481
0.1453
0.1445
0.1437
0.1429
0,1422
0.1414
0.1407
0,1399
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0,1385
0,1378
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0.1364
0.1357
0,135

0.1344
0.1337
0,1331
0.1324
0.1318
0.1312
0,1305
0.1299
0.1293
0.1287
0.1281
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0.127
0.1264
0.1259
O.f 253
0,1247
0.1242
0,1237
0,1231
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0.1221
0.1218
0.1211

0.4104
0.4091
0,4078
0,4065
0.4052
0,404

0.4028
O.4O16
0.4004
0.3992
0.396

0.3968
0.3957
0,3948
0.3935
0.3924
0.3913
0,3902
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0.388 f
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0.385
0.384
0.383
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0.381

0.3801
0.3791
0.3782
0.3773
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0.3745
0.3737
0.3728
0.3719
0.371
0,3702
0.3894
0.3685
0.3677
0,3889
0.388 1
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0.3637
0.3629
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0.3814
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0.3599
0.3592
0.3584
0.3577
0,357

0,3583
0.3556
0.3549
0.3542
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0.701

0.7
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0.6909

0,89
0.689
0.6881
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0.6854
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0.6818
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0.6801
0.6793
0.6785
0,8776
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0.6752
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0.6738
0,6728
0.672
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0.6705
0.6698
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0.6676
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1,0249
1,0238
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1,2778
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1.275

1,2743
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1.485345
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1,461861
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1.457543
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1.458182
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1,454534
f.454211
1,453eaf
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1.447371
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1.5668
1.5887
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1.5884
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1.5656
1.5855
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1.5641
1.584

1.5839
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2.12 0, 1 206 0.3535 0,684
2.13 0.1201 0,3528 0.6833
2,14 0.1196 0.3522 0.6828
2.15 0.1191 0.3515 0.6619
2.16 Q. 1188 0.3509 0,6612
2.17 0.1181 0,3502 0.6605
2.18 0.1177 0.3496 0,6599
2,19 0.1172 0,3489 0,6592
2.2 0.1167 0,3483 0.6588

2,21 0. 1163 0.3477 0.6579
2,22 0. 1158 0.347 1 0.6573
2,23 0.1154 0.3484 0.6586
2,24 0.1149 0.3458 0.656
2.25 0.1145 0.3452 0.8554
2.26 0.1141 0.3446 0.8548
2.27 0.1136 0.344 0.8541
2.28 0.1132 0.3434 0.8535
2.29 0.1128 0.3429 0.6529
2.3 0.1124 0.3423 0.6523

2,31 0.112 0.3417 0.6517
2.32 0.1118 0.3412 0.6511
2.33 0,1112 0.3408 0,6505
2.34 0.1108 0.34 0.65
2.35 0.1104 0.3395 0.8494
2,38 0.11 0.3389 0,648S
2.37 0, f 096 0.3384 0.6482
2.38 0.'l 092 0.3379 0.64TT
2.39 0.10SB 0,3373 0.6471
2,4 Q. 1085 0.3388 0.6488

2.41 0.1081 0.3383 0.848
2.42 O. f 077 0.3358 0.6455
2.43 O. 1 073 0.3352 0,6449
2.44 0.107 0.3347 0.6444
2.45 0.1068 0.3342 0.6439
2.48 0.1063 0.3337 0.6433
2,47 0.1059 0.3332 0.8428
2 48 0.1056 0,3327 0.6423
2.49 0.1052 0.3322 0.64 f 8
2.5 0. 1049 0.3318 0.84 1 2

0.9601
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0.9784
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0.9772
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0,976
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0.9716
0.9711
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0.970f
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0.9675
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0.05463

0.05094
0.05092
0.05091
0.0509

0.05088
0.05467
0,0547
0.05473
0,05476

0.05087
0.05086
0.05084
0,05083

0.05479
0.05481
0.05484
0.05467

0.05081
0.05079
0.05078
0.05076

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
0.05517
0,05518

0.05075
0.05073
0.05071
0.05069
0.05068
0.05066
0.05064
0.05062
0.05061
0,05059
D.05057
0.05055
0,05053
0,05051
0,05049

0.0552
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
D.05539
0.05541
D.05542
0.05543
0,05544

0.05047
0,05046
0.05044
0,05042
0.0504
0.05038
0.05038
0.05034
0.05032
0.0503
0.05028
0.05026
0.05024
0.05022
0.05021
0.05019
0,05017
0. 05015
0. 05013

0,92
0.93
0.94
0.95
Q. 96
0.97
0.98
0.99

1
1.01
1.02
1.03
1.04
1.05
1.06
1.07
1.08
1.09
1.1
1,11
1.12
1.13
1.14
1.15
1.16
1.17
1.18
1.19
1.2

1.21
1.22
1,23
1.24
1.25
1.26
1,27
1.28
1.29
1.3

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.$
1.51

0.02415 0.04038
0.024 0.0403

0.02386 0.04022
0.02371 0.04014
0.02357 0 04006
0.02343 0 03998
0.02329 0.0399
0.02315 0.03962
0.02301 0.03974
0.02268 0.03967
0,02274 0.03959
0.02261 0,0395'1
0.02248 0.03943
0.02235 0.03936
0.02223 0.03928
0.0221 0.0392

0.02198 0.03913
0.02185 0.03905
0. 02173 0.03898
0,02161 Q. 03891
0.02149 0.03883
0.02138 0.03876
0.02126 0.03869
0.021 15 0.03861
0.02103 0.03854
0.02092 0.03847
0,02081 0.0384
0.0207 0.03833
0.02059 0.03826
0.02049 0.03819
0.02038 0.03812
0,0202S 0.03806
0.02017 0.03799
0.02007 0.03792
0.01997 0.03785
0,01987 0,03779
0.01977 0.03772
0.0'f968 0.03766
0.01958 0.03759
0,01949 0,03753
0.01939 0.03747
0.0193 0.0374

0.01921 0.03734
0.01912 0.03728
0.01903 0.03722
0,01894 0,03716
0.01885 0.03709
0,01876 0.03703
0.01868 0.03697
0.01859 0.03692
0.01851 0. 03688
0.01843 0.0368
0.01834 0,03674
0.01826 0.03668
0.01818 0.03663
0.0181 0.03657

0.01803 0.03651
0.01795 0,03646
0.01787 0.0364
0. D178 0.03635

0.05067
0.05075
0.05083
0.05091
0.05099
0 05108
0.05113
0.0512
0.05127
0.05134
0.05141
0.05148
0.05'f 54
0.0516
0. 05167
0.05173
0.05179
0.05184
0.0519
0.05196
0.05201
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
0,05299
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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1.52
1.53
1.54
1. 55
1 56
1.57
1. 58
1.59
1.6

1.61
1.62
1.63
1.64
1.65
1.66
1.67
1.68
1.69
1.7

1.71
1.72
1.73
1.74
1. 75
1.76
1.77
'l.78
1.79
1.8

1.81
1 82
1. 83
1. 84
'l. 85
1. 86
'l.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
2,01
2. 02
2.03
2.04
2.05
2.06
2,07'
2.08
2,09
2.1

2,11

0. 01772
0.01765
0.01757
0.0175
0.01743
0.01736
0,01729
0 01722
0 01715
0. 01708
0. 01701
0.01694
0.01688
0.01681
0,01675
0.01668
0.01662
0.01656
0.01649
0.01643
0.01637
0,01631
0.01625
0.01619
0.01613
0.01608
0.01602
0,01596
0,01591
0.01585
0.0158

0.01574
0.01569
0.01563
0.01558
0.0 l 553
0.01548
Q.D1542
0.01537
0.01532
0,01527
0,01522
0.01517
Q. 01512
D. D1508
0,01503
0.01498
0.01493
0.01489
0.01484
0.0148
0.01475
D. 01471
D. 01466
0.01462
0.01457
0.01453
0,01449
0.01445
0,0144

Q. 03629
D. 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 03557
0.03553
0 03548
0.03543
0.03538
0 03534
0 03529
0 03524
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
0.03459
0.03455
0.03451
0.03447
0.03443
0,03439
0.03435
0,03431
0.03427
0.03424
0.0342
0.03416
0.03412
0.03408
0.03405
0.03401
0.03397
0.03394
0.0339

0.03387
0.03383
0 0338
0. 03376
0. 03373

0.05011
0.05009
0.05007
0,05005
0.05003
0.05001
0.04999
0.04997
0.04995
D. 04993
Q. 04992
0. 0499
0.04988
0.04986
0.04984
0.04982
0.0498
0.04978
Q. 04976
Q. 04975
0.04973
0.04971
0.04969
0.04967
0.04965
0.04964
0.04962
0.0496
0.04958
0.04956
0.04955
0,04953
0,04951
0,04949
0, 04947
D. 04946
0.04944
0.04942
0.0494
0.04939
0.04937
0.04935
0.04934
0.04932
0,0493

0.04928
0.04927
0.04925
0,04923
0.04922
0,0492

0.04918
0.04917
0.04915
0.04914
0.04912
0.0491

0.04909
0 04907
D 04905

0.05545
0.05546
0.05547
0.05548
D. 05549
0.05549
0.0555

0,05551
0.05552
0.05553
0.05553
0.05554
0.05555
0.05556
0.05556
D.05557
D. 05558
D. 05558
Q. 05559
0,05559
0 0556
D. 05561
0.05561
D. 05562
0.05562
0.05563
0.05563
0.05564
0.05564
0.05564
0.05565
Q. 05565
0. 05566
Q. 05566
0.05567
0.05567
0,05567
D. 05568
0.05568
0. 05568
Q. 05569
0.05569
0.05569
0.05569
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

0.05357
0.05359
0.05362
0.05365
0,05367
0.0537

0.05372
0.05375
0. 05377
D. 0538

0.05382
O.D5385
0.05387
0.05389
0.05391
0.05394
0.05396
0.05398

0.054
0.05402
0.05404
0.05406
0.05408
0. 0541

0.05412
D. 05414
Q. D5416
0.05416
0.0542
0.05422
0.05424
0,05425
0. 05427
0,05429
0.05431
D. 05432
0,05434
0.05436
0.05437
0.05439
0.05441
0.05442
0,05444
0. 05445
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
D 05466
0,05468
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0.01436
0.01432
0.01428
0. 01424
0.0142
0.01416
0.01412
0.01408
0.01404

0.03369
0.03366
0.03362
Q. 03359
0. 03356
0. 03352
Q. 03349
Q. 03346
0,03342
0.03339
0.03336
0.03333
0.0333

0.014
0.01396
0.01393
0 01389

2.12
2.13
2.14
2,15
2.16
2.17
2.18
2.19
2.2

2.21
2.22
2.23
2.24
2.25
2.26
2.27
2.28
2.29
2.3

2.31
2.32
2.33
2.34
2.35
2.36
2.37
2.38
2.39
2.4

2.41
2.42
2.43
2.44
2.45
2,46
2.47
2.48
2.49
2.5

0.01385 0.03328
0.01381 0.03323
0.01378 0.0332
0.01374 0.03317
0.0137 0.03314
0.01367 0.03311
0.0'�63 0,03308
0.0136 0.03305
0.01356 0.03302
Q. 01353 Q. 03299
0.01349 0.03296

0.01346 0.03293
0,01343 0,0329
0.01339 0.03287
0.01336 0.03284
0.01333 0.03282
0.0133 0.03279

0.01326 0.03276
0.01323 0.03273
0.0132 0.0327

0.01317 0.03268
0,01314 0.03265
0.0131 0 03262

0.01307 0.0326
0.01304 0.03257
0.01301 0.03254

0.04904
0.04902
0.04901
0.04899
0.04898
0.04896
0.04895
0. 04893
0.04892
0 0489

0.04888
0.04887
0.04885
0.04884
0.04883
0.04881
0.0488

D.04878
0.04877
0 04875
Q. 04874
0.04872
Q. 04871
0.04869
0.04868
0.04867
0.04865
0.04864
Q. 04862
0.04861
0,0486
0.04858
0.04857
0.04856
0.04854
0.04853
0.04852
0.0485
Q. 04849

0 05573
G. 05573
0.05573
0, 05573
Q. 05573
G. 05574
0,05574
0.05574
Q. 05574
0,05574
G. 05574
0.05574
0.05574
0.05574
0,05574
0.05574
0.05575
0.05575
0.05575
0.05575
0.05575
0.05575
0.05575
Q.D5575
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
Q. 05575
0.05575

0.05469
0.0547

0.05471
O. 05473
Q. 05474
0.05475
0.05476
Q. 05477
0.05478
0.0548
Q. 05481
0.05482
0.05483
0.05484
0.05485
0,05486
0. 05487
0.05488
0.05489
0.0549

0,05491
0 05492
0,05493
0.05494
0,05495
0.05496'
0.05497
0 05498
0.05499

0.055
0.05501
0.05502
0.05503
0.05504
0.05505
0.05505
0.05506
0.05507
0.05508
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Y2-1 YPRFW EXP ..! YieldY2-2Y2-0 Y2-3Y1

0

0.01

0.02

0.03

0.04
0.05
0.06
0.07
0.08
0.09
0.1

0.11
0.12
0.13

0.14

0,15
0.16
0.17
0.18
0.19
0.2

0.21
0.22
0.23
0.24
0.25
0,26
0.27
0.28
0.29
0.3

0.31
0.32
0.33
0,34
0.35-
0.36
0,37
0.38
0.39
0.4

0.41
0.42
0.43
0.44
0.45
0.46

0

0.0049393

0.00987861

0.01481791

0.01975722
0.02489652
0.029635S3
0.03457513
0.03951444
0.04445374
0.04939305
0.05433235
0.05927166
0.06421096

0.06915027

0.07408957
0,07902888
0.08396818
0.08890749
0,09384679
0.09878609
0. 1037254
0. 108664T

0.1 1 360401
0.11854331
0,12348262
0.12842192
0.13336123
0.13830053
0,14323984
0.14817914
0.15311845
0.15805775
0.16299706
0.16793638
0.17287567
0.17781497
0.18275427
0.18769358
0.19263288
0.19757219
0,20251149
0.2074508
0,2123901

0.21732941
0,22226871
D.22720802

0

2,540

4,871

7,015

8,992
10,820
12,512
14,084
15,546
16.909
18,182
19,374
20,491
21,541

22,528
23,459
24,338
25,169
25,958
26.702
27,410
2S,083
28,724
29,335
29,918
30,475
31,00T
31,517
32,005
32.473
32,922
33,353
33.768
34,167
34,551
34,921
35,278
35,622
35,955
36,276
36,586
36,686
37,177
37,458
37,730
37,994
38,250

0
494

988

1,482

1,976
2,470
2,964
3,458
3,951
4,445
4,939
5,433
5,927
6,421

6,915

7,409
7,903
8,39'7
8, 891
9,385
9, 879
10,373
10,668
11,360
11,854
12,348
12,842
13,336
13,830
14,324
14,818
15,312
15,806
16,300
16,794
17,288
17,781
18,275
18,769
19,263
19,757
20,251
20,745
21,239
21,733
22,227
22.721

4.8331
4.6278

4.4375

4.2607

4.0962
3.9429
3. 7999
3,6661
3.5408
3,4234
3.313
3. 2092
3,1114
3.0192

2.9321
2. 8497
2.7717
2.6977
2. 6275
2.5607
2.4972
2.4367
2.3791
2.324
2.2714
2.2212
2.173
2.1269
2.0827
2.0403
1,9996
1.9604
1,9228
1. S866
1,8517
1.818
1. 7856
1.7543
1. 724
1.6948
1,6666
1.6393
1.6129
1.5873
1.5625
1. 5384
1.5151

-0.546
-0.54

-0.533

-0.527

-0.521
-0.515
-0.509
-0.504
-0.498
-0.493
-0.487
-0.482
-0.477
-I3.472

-0,467

-0.462
-0.458
-0.453
-0.449
-0.444
-0,44
-0.436
-0.432
-0.428
-0.424
-0.42

-0.416
-0.412
-0.408
-0.405
-0.401
-0.398
-0.394
-0.391
-0.387
-0.384
-0.381
-0.378
-0.375
-0.371
4.368
-0.365
-0.363
-0.36

-0.357
-0.354
-0.351

0.0469
0.0466

0.0463

0.046

0.0456
0.0453
0.045
0.0448
0,0445
0.0442
0.0439
0. 0436
0.0433
0.0431

0.0428

0.0425
0.0423
0.042
0.0417
0.0415
0.0412
0.041
0.0408
0.0405
0.0403

0.04
0.0398
0.0396
0.0393
0,0391
0.0389
0.0387
0.0385
0. 0383
0.038
0.0378
0.0376
0,0374
0. 0372
0.037
0.0368
0.0366
0.0364
0.0382
0.036
0,0358
0.0357

-0.002
-0.002

-0.002

-0.002

-0.002
-0.002
-0.002
-0.002
-0.002
-0.002
-0.002
-0,002
-0.002
4,002

-0.002

-0.002
-0.002
-0.002
-0.002
-0.002
-0.002
-0.00'I
-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
-0.001
-0,001
-0.001
<,001
-0.001
%.001
-0.001
-0.001
-0.001
-0.001

0.0000 0
2041.5245 0,020415

3900.9791 0.03901

5598.2441 0,055982
7150.747D 0,071507
8573.7875 0.085738
9880.81S7 0.098808
11083.6885 0.110837
12192.S483 0.12'1928
13217.5329 0.132175
14165.9157 0.141659
15045.2431 0.150452
15861.9512 0.15862
16621.7657 0.166218

17329.7901 0.173298
17990.5810 0.179906
18608.2139 0.166082
19186.3411 0.191863
19728.2409 0.19T282
20236.8616 0.202369
20714.8593 0.207149
21164.6312 0.211646
21588.3447 0.215683
21987. 9627 0.21988
22365.2661 0.223653
22721 8736 0.227219
23059.2585 0.230593
23378.7645 0~708
23681,6189 0.236616
23968. 9442 0,239689
24241.7691 0.24241 8
24501.0377 0.24501
24747.6175 0.247476
24962,3070 0.249823
25205.8420 0.252058
25418.9020 0.254189
25622.1147 0.256221
25816.0612 0.258161
26001.2798 0,260013
26178.2701 0.261783
26347.4961 0.263475
26509.3892 0.265094
26664.3513 0.266644
26812,7568 0.2681 28
26954.9551 0.26955
27091,2726 0.270913
27222.0145 0.27222
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0.47
0.4$
0.49
0.5

0.51
0.52
0.53
Q. 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
0.6$
0.69
0.7

0.71
0.72
0.73
0.74
0.75
0.76
0.77
0.78
Q. 79
0.$

Q. 8'f
0.$2
0.83
0.84
0.$5
Q. 86
Q. $7
0. BB
0.89
0.9
0.91
0.92
0.93
0.94
0.95
0,96
0.97
0.98
0.99

1
1.01
1.02
1.03
1,04
1.05
1.06

0.23214732
0.23708663
0.24202593
0.24696524
0.25 1 90454
0.25684385
0.26178315
0.26672246
0 27166176
0.27660106
0.28154037
Q. 28647967
0,2914189$
Q. 29635828
0.30129759
Q 30623689
0 3111762
0 3161 155
Q. 32105481
Q. 3259941 1
Q. 33093342
0.33587272
0.34081203
0.34575133
Q. 35069064
Q. 35562994
0. 36056924
0. 36550855
Q. 37044785
0.37538716
0.38032646
0. 38526577
Q. 39020507
0. 39514438
0,40008368
0.40502299
0 40996229
0.4149016
0.4198409

0,42478021
0.42971951
0.43465882
0.43959812
0.44453743
0.44947673
0,45441603
0.45935534
0,46429464
0.46923395
0.47417325
0.47911256
0.46405186
0.48899117
0.49393047
0.49886978
0.50380908
0.50874839
0.51368769

0.518627
Q. 5235663

36,498
36,739
38,973
39,201
39.421
39,636
39.845
40,048
40,246
40.439
40,626
40,809
40,967
41,161
41,330
41,495
41,657
41,814
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
44,623
44,718
44,8'f 1
44,903
44,993
45,081
45.168
45,253
45.337
45,419
45,500
45,579
45,657
45,734
45,8'f 0
45,884
45,957
46,029
46,100
46,170

23,215
23,709
24,203
24,697
25,190
25,684
26,178
26,672
27,166
27,660
28,154
28,648
29,142
29,636
30,130
30,624
31,118
3 1,612
32,105
32,599
33,093
33,587
34,0$1
34,575
35,069
35,563
36.057
36,551
37,045
37,539
38,033
38,527
39,021
39,514
40,006
40,502

41,490
41.984
42.478
42,972
43,466
43,960
44,454
44,948
45,442
45,936
48,429
46,923
47,417
47,911
48,405
48,699
49,393
49, S87
50,381
50.875
51,369
51,S63
52,357

1.4925 -0.349 0.0355 -0.001 27347.4664 G.273475
1-4706 -0.346 0.0353 -0.001 27467.8957 0.274ff79
1 -4493 -0.343 Q. 0351 -0.001 27583.5533 0 275836
1.4286 -0.341 0.0349 -0,001 27694,6746 G.276947
1.4084 -0.338 0.034$ -0.001 27801.4808 G.278015
1.3$$9 4.336 0,0346 4,001 27904.1796 G.279042
1.3699 -0.333 0.0344 -0001 26002.9666 0,28003
1 3513 -0.331 Q. 0342 -0.001 28098 0260 G.28098
1.3333 -0.328 0.0341 -0.001 28189.5312 G.281895
1.3158 -0.326 0.0339 -0.001 28277.645$ G.282776
1 2987 -0.324 0,0337 -0,001 28362.5242 G.283625
1.2$2 -0.321 0.0336 -0.001 2S444.3123 0,284443
f.265S -0.319 0.0334 -0.001 28523.1476 G.285231
1.25 -0.317 0.0332 -0 001 28599.1605 0.285992

1 2346 -0.315 0.0331 -0.001 28672.4743 0,286725
1 2195 -0.313 0.0329 -0.001 28743.2056 0.287432
1.2048 -0.31 0,0328 4.001 28811.4650 G.288115
1.1905 -0.308 0.0326 -0.001 28877.3572 G,288774
1.1765 -0.306 0.0324 -0.001 28940.9817 G.28941
1.1628 -0.304 0.0323 4.001 29002.4327 G.299024
1,1494 -0,302 0.0321 -0.001 29061.7998 G.290618
1.1364 -0.3 0.032 -0.001 29119.1680 G.291192
1.1236 -0298 0.031S -0.001 29174.6183 G.291748
1.1111 -0.296 0.0317 -0,001 2922$,2276 G,292282
1.0989 -0294 0.0316 -0.001 29280.0689 G.2928G1
1.087 -0 292 0.0314 -0.001 29330.2120 G.2933G2
1.0753 -0 291 0.0313 -0.001 2937$.7233 G.293787
1.063$ -0289 0.0311 -0.001 29425,6658 G,294257
1.0528 -0 287 0.031 -0.001 29471.0999 G.294711
1.0417 -0.285 0 0308 -0.001 29515.0830 G.295151
1.0309 -0 283 0.0307 -0,001 29557.6701 0.295577
1.0204 -0.282 0.0306 -0.001 2959$.9132 0.295989
1.0101 -Q.2B 0.0304 -0.001 29638.$626 G.296389

1 -0.27S 0.0303 -0.001 29677.5859 G.296776
0.9901 -0.276 0.0302 -0.001 29715.0686 G.297151
0.9804 -0.275 0,03 -0.001 29751,4146 G.297514
0.9709 -0.273 0.0299 -0.001 29786.6453 G.297866
0.9615 -0.271 0.0298 -0.001 29820.8009 G.298208
0.9524 -0.27 0.0296 -0.001 29853.9194 G.298539
0.9434 -0.268 0.0295 -0.001 29886.0374 G.29886
0.9346 -0.267 0.0294 -0.001 29917.1900 G.299172
0.9259 -0.265 0.0293 -0.001 29947.410$ G.299474
0.9174 -0.263 00291 -0,001 29976.7318 0,299767
0,9091 -0.262 0.029 -0.001 30005,1840 G.3G0052
0.9009 -0.26 0.0289 -0,001 30032.7970 0.3G0328
0.8929 -0.259 0.0288 -0.001 30059.5990 9.3GG596
0.885 -0.258 0.0286 -0.001 30085.6174 0.30085ff
0.8772 -0.256 0.0285 O.001 30110.8783 0.381109
0.$696 -0.255 0.02S4 4,001 30135,4066 0.381354
0.8621 -0.253 0.0283 -0.001 30159.2271 0.391592
0.$547 4,252 0.0282 -0.001 30182.3622 0,301824
0.8475 -0.25 0.0281 -0.001 30204.8346 0.392048
0.8403 -0.249 0.0279 -0.001 30226.6655 0.3G2267
0.8333 -0,248 0,027$ -0,001 30247.8757 0.3G2479
0.$264 -0.246 0.0277 -0.001 30268.4848 0.302685
0.$197 -0.245 0.0276 -0.001 30288.5120 0.302885
0.813 -0.24I 0.0275 -0.001 30307.9757 G.39308
0.8065 -0.242 0.0274 -0.001 30326.8934 0.303269

0.8 -0.241 0.0273 -0,001 30345.2823 G.303453
0.7937 -0.24 0.0272 -0.001 30363,1586 G.303632
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-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

0.7874 -0.239 0.0271
0.7612 -0-237 0.027
0.7752 -0.236 0.0269
0.7692 -0.235 0.0267
0.7634 -0.234 0.0266
0,7576 -0.232 0.0265
0. 75 1 9 -Q. 231 0.0264

30380,5382 0.303805
30397.4362 0.303974
30413.8674 0.304139
30429.6459 0.304298
30445,3653 0,304454
30460.4987 0.304605
30475.1989 0.304752
30489.4981
30503.4081
30516.9404
30530,1058
30542.9152
30555.3787
30567.5063
30579.3077
30590.7920
30601.9682
30612.8451

0. 7463 -0.23 0.0263
0.74OT -0.229 0.0262
0.7353 -0.228 0.0261
0,7299 -0.227 0.026
0.7246 -0.225 0.0259
0.7194 -0.224 0.0258
0.7143 -0.223 0.0257
0.7092 -0.222 0.0256
0.7042 -0.22'I 0.0255
0.6993 -0.22 0.0255
0.6944 -0219 0.0254

0.304895
0.305034
0.305169
0,305301
0.305429
0.305554
0.305675
0.305793
0,305908
0.30602

0.306128

-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0,001
-0.001
-0.001

30623,431 1 0,3062340.689T -0.218 0,0253 -0,001
-0.001
4.001
-0.001
-0.001
-0.001
-0,001
-0 001
-0,001
-0 001
-0. 001

0.6849 -0,217 0.0252
0.6803 -0.216 0,025'I
0.6757 -0.215 0.025
0.671 f -0.214 0.0249
0.6667 -0.213 0.0248
0.6623 -0.212 0.0247
0.6579 -0.211 0.0246
0.6536 4.21 0.0245
0.6494 -0.209 0.0245
0.6452 -0.208 0.0244

30633.7341 0.306337
30643,7622 0.306438
30653.5229 0.306535
30663.0235 0.30663
30672.2712 0.306723
30681.2729 0.306613
30690.0352 0.3069
30698,5647 0.306986
30706.8676 0,307069
30714.9499 0.307149

0.307226
0.307305
0.307379
0.307452
0,307523
0.307591
0.307658
0.307723
0.307787
0.307849
0.307909

0,641 -0.207 0.0243
0.6369 -0.206 0.0242
0.6329 -0.205 0.0241
0.6289 -0.204 0.024
0.625 -0.203 0.0239
0 6211 -0 202 0.0239
0.6173 -0.201 0.0238
0.6135 -0.201 0.0237
0.6098 -0.2 0.0238
0.6061 -0.199 0.0235
0.6024 -0.198 0.0234

-1E-03 30722. 8176
-1E-03 30730.4763
-1E-03 30737.9317
-1E-03 30745.1890
-1E-03 30752.2534
-1E-03 30759.1300
-1E.03 30765 8237
-1E-03 30772.3392
-1E-03 30778.6812
-1E-03 30784.8540
-1E-03 30790.8621
-1E-03 30796.7096 0.3079670.5988 -0.197 0.0234

0.308024-1E-03 30802.40060.5952 -0.196 0.0233
0.3080790.5917 -0.195 0.0232 -1E-03 30807.9391

0.5862 -0.195 0.0231
05848 -o,194 0.0231
0,5814 -0.193 0.023

0,308286-1 E<3 30828.64350.578 -0.192 0.0229
0.308335

0.5714 -0.19 0.0227
0.5682 .0.19 0.0227
0.565 -0.189 0.0226
0.5618 -0.188 0,0225 -9E-04 30851.5235 0.308515

0.308557-9E-04 30855,73160.5587 -0.187 0.0224

0.5464 -Q.184 0.0222
0.5435 -0.183 0.0221
0.5405 -0.183 0.022
0.5376 -0.182 0.0219

-9E-04 30871.4354
-9E-04 30875.0926
-9E-04 30878.6475
-9E44 30882.1025

0.308714
0.308751
0.308786
0.308821

1 07
1.08
1.09
1,1

1.11
1. 12
1 13
1 14
1.15
1.16
1.17
1.18
1.19
1.2
1.2'I
1.22
'I.23
1 .24
1.25
1.26
1.27
1.28
1 29
1.3
1.31
1 32
1.33
1.34
f,35
1.36
1.37
1.38
1.39
1.4

141
1.42
1.43
1.44
1.45
1.46
1.47
'I,48
1.49
1.5
1.51
1.52
1.53
1.54
1 55
1.56
1.57
1.58
1.59
'f.6

1.61
1.62
1.63
1,64
1.65
1.66

0. 52850561
0. 53344491
0. 53838422
0.54332352
0.54826282
0.55320213
0. 558141 43
0. 56308074
0. 56602004
0 57295935
0.57789865
0,58283796
0.58777726
0.59271657
0.59765587
0.60259518
0.60753448
0.61247379
0.61741309
0.6223524
0.6272917
0.632231

Q. 63717031
0.64210961
0.64704892
0.6515%22
0.65692753
0.66186683
0,66680614
0.67174544
0.67668475
0,68162405
0.68656336
O.691 +266
0,69644197
0.70138127
0.70ff32058
0.7 f 125988
0.7 1 ef 991 9
0,721�849
0.72607779
0.73'I 017 1
9.735 564
O!74 571
0.7
0.7%77432
0,7557 f 362
0.74%5293
6.78559223
'IT:Vfi053154
0'77547Q84
h.'N$1015
o.TSW945
0: -79d28876
%79622806
0:S60 f 6737
O. 60510667
0,81004597
0.81498528
0.81992458

46,23B
46,306
46,372
46,438
46,502
46,566
46,626
46,690
46,751
46, 810
46. 869
46,927
46,985
47,041
47,097
47,151
47,205
47,259
47,311
47,363
47,414
47,465
47,515
47,564
47,612
47,660
47,707
47,754
47, 800
47, 845
47,690
47,934
47,978
48,021
48,064
48,106
48,147
48,188
48.229
48,269
48,309
48,348
48,386
48,425
48,462
48,500
48,537
48.573
48.609
48,645
48,680
48,715
48,749
48,783
48,817
48,850
48,883
48,916
48.948
48,980

52,851
53,344
53, 838
54,332
54, 626
55,320
55,814
56.308
56,802
57,296
57, 790
58,284
58, 778
59,272
59,766
60,260
60,753
61,247
61,741
62,235
62, 729
63,223
63,717
64,211
64,705
65,199
65,693
66,1 87
66,681
67,175
67,668
68,162
68,656
69,150
69,644
70,138
70,632
71,126
71,620
72,1 f4
72,608
73,102
73,596
74,090
74,584
75,077
75,571
76,065
76,559
77,053
77,547
78,041
78,535
79.029
79.523
80,017
80,511
81,005
61,499
81,992

-f EO3 30813.329G 0.308133
-1E-03 30818.5739 0008fe6
-1E+3 30823.6778 0.308237

0.5747 -0.191 0 0228 -9E44 30833.4751
-9E-04 30838.1757 0.308382
-9E-04 30842.7485 0.308427
-9E-04 3084T,1968 0.308472

0.5556 -0.187 0,0224 -9E-04 30859,8241 0.308598
0.5525 -0,186 0 0223 -9E-04 30863,8038 0.308638
0.5495 -0.185 0,0222 -9E-04 30867.6733 0.308677
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0.5348
0.5319
0.5291
0 5263
0 5236
0 5208
0 5'IB1
0 5I55
0 5128

-D. 181
-0. I 81
-0. 18

-0 179
-0.178
-0.178
-0.177
-0.176
-0.176

0,308855
0.308887
0.308919
0,30898
0.30898
0.30900$
0.309037
0.309084
0.309091

-0.175
-0.174
-0.174
-0. I 73
-0.172
-0.172
-0.171
-0.17

0.5102
0,5076
0.5051
0.5025

0.5
0 4975
0.495
0 4926

-9E-04 30911.6534
-9E-04 30914.1540
-9E-04 30916.5796
-9E-04 30918.9318
-9E-04 30921.2124
-9E-04 30923.4229
-9E44 30925.5651
-9E-04 30927. 6405

0.0213
0.0212
0.0211
0. 0211
0 021
0.0209
0.0209
0.0208

0.309117
0.309142
0.309186
0.309189
0.309212
0.309234
0.309258
0.309278

0 4902
0.4878

0.309297
0.309318

-0 17
-0.169
-0.168
-0.168
-0.167
~ 0.167
-0. ~66

0.4854
0.4831
0.4808
0.4785
0,4762

-9E-04 30942,0137Q. 165 0.02030.4739 0.30942
0.3094360.02030.4717 -9E-04 30943.5520

-0. 1640.4695 0.0202 -9E-04 30945. 0373 0.30945

1 67
1.68
1 69
1.7

1.71
1 72
1 73
1.74
1.75
176
1.77
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
1.91
1.92
1.93
1. 94
1.95
1. 96
1,97
1.98
1.99

2
2.01
2.02
2.03
2,04
2.08
2.06
2.07
2.08
2.09
2.1
2.11
2.12
2.13
2,14
2.15
2.16
2.17
2.18
2.19
2.2

2.21
2.22
2.23
2.24
2.25
2.26

0.82486389
0.82980319
0 8347425
Q. 8396818
0.84462111
Q. 84956041
0. 85449972
Q. B5943902
0. 86437833
0.86931763
D. 87425694
D. 87919624
0. 88413555
Q. 88907485
D. 8940141 6
Q. B9895346
0. 90389276
0 90883207
0. 913771 37
0.91871068
0.92364998
0.92858929
0.93352859
0.9384679
0.9434072

0. 94834651
0. 95328581
0.95822512
0,96316442
0.96810373
0 97304303
0 97798234
0 98292164
D. 98786094
0. 99280025
0.99773955
1.00267886
1 00761816
1.01255747
1. 01 749677
1.02243608
1.02737538
1.03231469
1.03725399
1.0421933
1. D471326

1.05207191
1.05701121
1.06195052
1. 06688982
1. 07182913
1. 07676843
1.08170773
1.08664704
1.09158634
1.09652565
1.10146495
1, 10640426
1.11134356
1.1 t 628287

49,012 82,4&6
49,043 82,980
49.074 83,474
49,104 83,968
49,134 84,462
49.164 84,956
49,194 85.450
49,223 85,944
49,252 86.438
49,2S1 86,932
49,309 87,426
49,338 87,920
49,365 88,414
49,393 88,907
49,420 89,401
49,447 89,895
49,474 90,389
49,501 90.883
49,527 91,377
49,553 91,871
49. 579 92,365
49.604 92,859
49,629 93,353
49,654 93,847
49,679 94.341
49,704 94,835
49,728 95,329
49,752 95,823
49,776 96,316
49,800 96,810
49,823 97,304
49, 846 97,798
49, 869 98.292
49,892 98,786
49,915 99,280
49,937 99,774
49,959 100,268
49,981 100,762
50,003 101,256
50,024 101,750
50,046 102,244
50,067 102,738
50,088 103,231
50,109 103,725
50,130 104,219
50,150 104,713
50,170 105,207
50,190 105,701
50,210 106,195
50,230 106,689
50,250 107,183
50,269 107,677
50,289 108,171
50,308 108.665
50,327 109,159
50,346 109,653
50,364 110,146
50,383 'I 10,640
50,401 111,134
50,419 111,628

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
0.4386
0.4367
0.4348
0.4329
0.431

0.4292
0.4274
0.4255
0.4237
0.4219
0.4202
0.4184
0.416'7
0.4149
0,4132
0.4115
0.4098
0.4082
0.4065

+,164
-0 163
-0. '62
-0.162
-0.161
N.161
-0.16
-0.16
-0.159
-0.158
-0.158
-0.157
-0.157
-0.156
-0.156
-0.155
-0.155
-0. 154
-0.154
-0.153
4,153
-0.152
-0.152
-0.151
-0.151
-0.15
-0.15
-0.149
-0,149
-0.148
-0.148
-0.147
-0.147

0.0219 -9E-04 30885.4600
0.0218 -9E-04 30888,7223
0.0217 -9E-04 30891.8917
0.0217 -9E-04 30894.9703
0.0216 -9E-04 30897.9604
0.0215 -9E-04 30900.8640
0,0215 -9EM 30903.6832
0.0214 -9E-04 30906.4199
0.0213 -9E-04 30909.0760

0,0207 -9E-04 30929.6506
0.0207 -9E44 30931.5969
0.02D6 -9E-04 30933.4809 0.309335
0.0206 -9E-04 30935.3039 0.309353
0,0205 -9E-04 30937.0673 0.309371
0.0204 -9E44 30938,7726 0,309388
0.0204 -9E-04 30940.4209 0.309404

0.0201 -9E-04 30946,4705 0.309485
0.0201 -9E-04 30947.8530 0.309479

0.02 -9E~ 30949.1858 0.309492
0.02 -BE~ 30950.4701 0.309505

0.0199 -BE44 30951.7068 0.309517
0.0198 -BE-04 30952.8972 0.309529
0.0198 -BE-04 30954.0421 0.30954
0.0197 -BE-04 30955.1427 0.309551
0.0197 -BE-04 30956.1998 0.309562
D.D196 -SE-04 30957.2144 0.309572
0,0196 -BE-04 30958.1876 0,309582
0.0195 -BE-04 30959.1201 0.309591
0,0195 -BE-04 30960,0129 0.3096
0.0194 -BE-04 30960.8668 0.309809
0.0193 -BE-04 30961.6828 0.309817
0.0193 -BE44 30962.4615 0.309625
0.0192 -BE-04 30963.2039 0.309832
0.0192 -BE-04 30963.9107 0.309839
0.0191 -BE-04 30964.5828 0.309848
0.0191 -BE~ 30965.2207 0.309852
0.019 -BE44 30965.8254 0.309858
0.019 -BE-04 30966.3975 0.30$B84

0.0189 ~~ 30966.9377 0.309889
0.0189 4E44 30967.4468 0.309874
0.0188 -BE-04 30967.9253 0.309679
0,0188 4E44 30968,3740 0.309684
0.0187 4E-04 30968.7934 0.309688
0.01ST -BE-04 30969.1843 0.309892
0,0186 -BE-04 30969.5473 0.309695
0.0186 -BE-04 30969.8828 0.309699
0.0185 -BE-04 30970.1916 0.309702
0.0185 -BE-04 30970.4742 0.309705
0,0184 WE~ 30970.7312 0.309707
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2.27
2.28
2.29
2.3

2.31
2.32
2.33
2 34
2.35
2.36
2.37
2.38
2.39
2.4

2.41
2.42
2.43
2,44
2.45
2.46
2.47
2.48
2.49
2.5

1 12122217
1 12616148
1.13110078
1.13604009
1 14097939
1 1459187
1.150858

1 15579731
1.16073661
1.16567592
1.17061522
1.17555452
1.18049383
1.18543313
1.19037244
1. 19531174
1. 20025105
1. 20519035
1 21012966
'I. 21506896
1 22000827
1.22494757
1.22988688
1. 23482618

50.437
50,455
50,473
50,491
50,508
50,526
50,543
50.560
50,577
50,594
50,610
50,627
50,643
50,660
50,676
50,692
50,708
50,723
50. T39
50,755
50,770
50, 786
50,801
50.816

112,122
112,616
113,110
l 13,604
114.098
114.592
115,086
115,580
116,074
11 6,568
11 7,062
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 -0.146 0.0184 -BE-04 30970.9631 0.30971
0.4032 -0.146 0.0183 -BE-Q4 3Q971,17Q4 0,309712
0.4016 -0.145 0.0183 -BE-04 30971 3537 0.309714

0.4 0.145 0.0182 -BE-04 30971.5136 0.309715
0.3984 -0.144 0.0182 -BE-04 3097'f.6504 0.309717
0.3968 0.144 0.0181 -BE-04 30971.7647 0.309718
0,3953 -0.143 0.0181 -BE-04 30971.8570 0.309719
0.3937 -0.143 0 018 -BE-04 30971.9277 0.309719
0.3922 -0.143 0.018 -BE-04 30971.9774 0.30972
0,3906 -0.142 0.0179 -BE-04 30972.0064 0.30972
0.3891 -0.142 0.0179 -BE-04 30972,0152 0.30972
0.3876 0.141 0.0178 -BE-04 30972.0043 0.30972
0.3861 0.141 0.0178 -BE-04 30971.9740 0.30972
0.3846 -0 14 0.0177 -BE-04 30971.9248 0.309719
0.3831 -014 0.0177 -BE-04 30971.8570 0.309719
0.3817 -0.139 0.0176 -BE-04 30971.7712 0.309718
0.3802 -0.139 0.0176 -BE-04 30971.6676 0.309717
0.3788 -0.139 0.0176 -BE-04 30971.5466 0.309T15
0.3774 -0.138 0.0175 -BE-04 30971.4087 0.309714
0.3759 -0.138 0.0175 -BE-04 30971.2541 0,309713
0.3745 -0.137 0.0174 -BE-04 30971.0833 0.309711
0.3731 -0.137 0.0174 -BE-04 30970.8966 0.309709
0.3717 -0.137 0.0173 -BE-04 30970.6943 0.309707
0.3704 -0.136 0.0173 -BE-04 30970.4767 0.309705
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0 0 0
0.01 0.02416 0.02289
0.02 0.04568 0 04356
0.03 0.06488 0.06227
0.04 0.08203 0.07923
0.05 0.09736 0.09465
0.06 0.1111 0.10868
0,07 0.12342 0.12148
0. 08 0.13447 0. 13318
0.09 0.14439 0.14388
0.1 0,15331 0. 15369
0.11 0.16134 0.1627
0.12 0.16855 0,17098
O. 13 0.17505 0.17861
0,14 0.18089 0,18565
0.15 0.18615 0.19214
0.16 0.19088 0.19815
0.17 0.19513 0.20371
0,18 0.19895 0,20686
0.19 0.20239 0.21364
0.2 0.20546 0.21808
0.21 0,20821 0,2222
0.22 0.21067 0.22604
0,23 0.21286 0.22961
0,24 0.21481 0.23294
0.25 0.21653 0.23604
0.26 0.21806 0,23894
0.27 0.21939 0.24164
0.28 0.22055 0.24416
0.29 0,22158 0.24652
0.3 0.22242 0.24873
031 0 22318 0.25079

0
0 020415
0.03901
0 055982
0 071507
0.085738
0.098808
0.1'f0837
0.121928
0.132175
0.141659
0.150452
0.15862

0. 166218
0.173298
0.179906
0.186082
0.191863
0.197282
0.202369
0.207149
0,211646
0.215883
0.21988

0,223653
0.227219
0.230593
0.233788
0.236816
0.239689
0.242418
0 24501

0
0.01748
0.03348
0.04817
0 06167
0.07411
o.08559
0.09621
0. 10605
0.115'I 9
0.12369
0.13161

0.139
0.14591
0,15238
0.15845
0.16415
0.16951
0,17457
0.17933
0.18384
0,18809
0.19213
0.19595
0,19958
0.20303
0,20631
0.20943
0.2124

0.21524
O. 21 795
0.22054
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Q.32
Q. 33
0.34
0.35
0.36
Q. 37
0.38
0.39
0,4
0.41
0.42
0.43
0.44
0.45
0.46
0.47
0.48
0.49
0.5
0.51
0.52
0 53
Q. 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
0.7

Q. 71
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
0.87
0.88
0.89
0.9
0.91

0. 22377 0. 25272
0.22427 0.25453
0.22467 0.25622
0.22497 0.2578
0.22519 0.25929
0.22533 0.26068
0 22539 0.26198
0.22539 0.2632
0.22532 0.26434
0.2252 0.26541
0.22503 0.26641
0.22481 0.26734
0.22454 0.26822
0.22423 0.26904
0.22389 0.26981
0.22351 0.27053
0 2231 0.2712
0.22266 0.27183
0.22219 0.27241
0.2217 0.27296
0.22118 0.27346
0.22065 0.27394
0.22009 0.27437
0,21952 0.27478
0.21893 0.27516
0.21S33 0.27551
0.21772 0.27583
0.2171 0.27613
0.21646 0.27641
0.21582 0.27666
0.21516 0.27689
0.2145 0.2771
0.21384 0.27729
0.21316 0.27746
0.21249 0.27762
0.2118 0.27776
0.21112 0.27788
0.21043 0,27799
0.20974 0.27808
0.20905 0.278'l 7
0.20835 0.27823
0.20766 0.27829
0.20696 0.27834
0.20627 0.27837
0.20557 0.2784
0.20488 0.27841
0.20418 0.27842
0.20349 0.27841
0.2028 0.2784

0.20211 0,27838
0,20142 0,27836
0.20074 0.27832
0.20005 0.27828
0.19937 0.27824
0.1987 0.27818

0.19802 0.27812
0.19735 0.27806
0,19668 0.27799
0.19602 0.27791
0.19535 0.27784

0.247476
0.249823
0.252058
0.254189
0,256221
Q. 258161
0.280013
0.261783
0.263475
0.265094
0.266644
0.268128
0.26955
0.270913
0.27222
0.273475
0.274679
0.275836
0.276947
0.278015
0.279042
0.28003
0.28098
0,281895
0.282776
0.283625
D.284443
0.285231
3.285992
3.286725
3.287432
3.288115
0.288774
0.28941

0.290024
I!,290618
0.291192
0,291746
0.292282
0.29280'1
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
0.298S6
0.299172
Q.299474
0.299767
0.300052
0.300328

0.22302
0 22539
0,22766
0,22984
0.23193
0,23393
0.23586
0.23771
0.23949
0.2412
0.24285
0.24444
0.24598
0.24745
0.24888
G.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
0.26458
0.26546
0.26632
0.26715
0.26796
0.26874
0.26951
0.27025
0.27097
0,27168
0.27236
0.27303
0.27368
0.27431
0.27493
0.27553
0.27612
0,27669
0.27725
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
0.94
0.95
0.96
0.97
0.98
0 99

I
1.01
1 02
1.03
1.04
1 05
1.06
1.07
1.08
1. 09
1.1
1.11
1.12
1,13
1.14
1.15
1.16
1. 11
1.18
1.19
1.2
1.21
1.22
1.23
1.24
1.25
1.26
1.27
1.28
1,29
1.3

1.31
1.32
1.33
1.34
1,35
1.38
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

1.51

!.300596
0 300856
i!.301109
i!.301354
0.301592
0.301824
0.302048
0.302261
0.302479
0.302685
0.302865
0.30308

0.303269
0.303453
0.303632
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
0.306438
0.306535
0.30663

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
0.307787
0.307849
0.307909
0.307967
0. 308024
0.308079
0.308133
0.308188

0.1941 0.21715
0 19404 0.27166
0.19339 0.27157
0.19214 0.27748
0. 1921 0.27738

0.19146 0.27727
0.19082 0.27717
0.19019 0.27706
0.18956 0.27695
0.18894 0.27683
0.18832 0 21671
0.18771 0.2766
Q. 1871 0,27647

0.18649 0.27535
0.18589 0.27622
0.18529 0.2761
0.1847 0.27591

0 16411 0 27563
0 18352 0.2757
0.16294 0.27557
0. 18236 0.27543
0.18179 0.27529
0.18122 0.27515
0.18066 0,27502
0.1801 0.27487
0.17954 0,27473
0.17899 0.27459
0,17845 0.27445
0.1179 0 2743
0.17737 0.27416
0.11683 0.27401
0.1763 0.27387

0 17578 0,27372
0.17525 0.27357
0.17474 0.27342
0.11422 0.27328
0.17371 0.27313
0.17321 0,27298
0,17271 0.27283
0.17221 0,27268
0.17171 0,27253
0.17122 0.27238
0,17074 0.27223
0.17026 0.27209
0.16978 0.27194
0.1693 0.27179

0.16883 0.21184
0.16837 0,27149
0.1679 0.27134
0.16744 0.27119
0.16699 0.27104
0.16654 0.27089
0.16609 0.27074
0.16564 0.27059
0.1652 0.27045
0. 16477 0.2703
0.16433 0.27015
0.1639 0.27
0, 16347 0. 26986
0.16305 0.26971

0.26384
0.28423
0.28462

0.285
0.28531
0.28573
0.28609
0,28644
0.26678
0.28712
0.28744
0.28777
0.28808
0.28839
0.28869
0.28899
0.28928
0.28957
0.28985
0,29012
0.2904
0.29066
0 29092
0.29118
0.29143
0.29168
0.29192
0.29216
0.29239
0.29262
0.29285
0. 29307
0.29329
0.2935

0.29371
0.29392
0.29412
0.29432
0.29452
0.29471
0.2949
0.29509
0.29528
0,29546
0.29564
0,29581
0.29599
0.29616
0.29633
0.29649
0.29665
0.29681
0.29697
0.29713
0.29728
0.29743
0.29758
0.29773
0.2976'1
0.29801
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1. 52
1.53
1.54
1. 55
1.56
1.57
1.58
1.59
1.6

1.61
1.62
1.63
1.64
1 65
1 66
1.67
1.68
1.69
1.7
1.71
1.72
1,73
1.74
1.75
1.76
1.77
1.78
1. 79
1,8

1. 81
1. &2
1. 83
1. 84
1.85
1,86
1.87
1.88
1.89
1.9
1.91
1.92
193
1. 94
1.95
1.96
1.97
1.98
1.99

2
2.01
2.02
2.03
2,04
2.05
2.06
2.07
2.08
2.09
2.1

2.11

0.16263 0 26956
0.16221 0.26942
0.1618 0.26927

0 16139 0.26912
0-16098 0.26898
0. 16057 0.26883
Q. 16017 0.26&69
0.15978 0.26&55
0 15938 0.2684
0.15899 0.26826
0.1586 0.26812
0.15821 0.26797
0.15783 0.26783
0,15745 0.26769
0.1570& 0.26755
0,1567 0.26741

0.15633 0.26727
0.15596 0.26713
0.1556 0.26699
0.15524 0 266&5
0.15488 0.26672
0.15452 0.26658
0,15417 0.26644
0.15302 0.26631
0.15347 0.26617
0.15312 0.26604
0.15278 0.2659
0.15244 0.26577
0.1521 0 26563

0.15176 0.2655
0.15143 0.26537
0.1511 0.26524

0.15077 0.2651
0. 15045 0.26497
0.15013 0.26484
0. 1498 0.26471

0.'! 4949 0.26458
0.14917 0.26445
0.14886 0.26433
0.14855 0.2642
0.14824 0.26407
0.14793 0.26395
0.14763 0.26382
0.14733 0.26369
0.14703 0.26357
0.14673 0 26344
0.14643 0.26332
0.14614 0.2632
0.14585 0.26308
0.14556 0.26295
0.14527 0,26283
0.14499 0.28271
0.1447 0.26259
0,14442 0.26247
0.14415 0.26235
0.14387 0.26223
0.14359 0,26211
0.14332 0.262
0.14305 0.26188
0.1427& 0.26176

0.30&237
0.308286
0. 308335
0.308382
0.30&427
0.308472
0,308515
0.30&557
0.308598
0.308638
0.308677
0.308714
0.308751
0.308786
0.308821
0,308855
0.308887
0.308919
0.30895
0.30896

0.309009
0.309037
0.309064
0.309091
0,309117
0.309142
0.309166
0,309189
Q. 309212
0.309234
0.309256
0.309276
0.309297
0 309316
0.309335
0.309353
0.309371
0.309388
0.309404
0.30942
0.309436
0.30945
0,309465
0.309479
0.309492
3.309505
0 309517
0.309529
0.30954

0.309551
0.309562
0.309572
0.309582
0,309591

0.3096
0.309609
0.309617
0.309625
0.309632
0.309639

0.29815
0.29829
0 29843
0.29856
0.2987
0,29883
0,29895
0,29908
0.29921
0.29933
0.29945
0.29957
0.29969
0.29981
0.29992
0.30004
0.30015
0.30026
0,30037
0.30048
0.30058
0.30069
0.30079
0.3009
0.301

0,3011
0.30119
0,30129
0.30139
0.30148
0.30158
0,30167
0.30176
0.30185
0.30194
0.30203
0.30212
0.3022

0.30229
0,30237
0.30245
0.30254
0.30262
0,3027

0.30278
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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2.12 0, 1 4251 0.26165
2. 1 3 0,14225 0.26153
2.14 0.14199 0.26142
2,15 0.14173 0.2613
2.16 0,14147 0.26119
2.17 0.14121 0.26107
2.18 0.14095 0.26096
2.19 0.1407 0.26085
2,2 0.14045 0.26074

2,21 0.14019 0,26083
2.22 0,13995 0.26052
2.23 0.1397 0,2604
2.24 0.13945 0.2603
2.25 0,1392f 0.26019
2.26 0.13897 0,26008
2.27 0.13873 0.25997
2.28 0.13849 0.25988
2.29 0.13825 0,25975
2.3 0.13801 0.25965

2.31 0.13778 0.25954
2.32 0,13755 0.25944
2.33 0.13732 0.25933
2.34 0.13709 0.25923
2.35 0.13688 0.25912
2.36 0. 1 3663 0.25902
2,37 0.13841 0.25891
2.38 0,13619 0.25881
2.39 0.13596 0.25871
2.4 0,13574 0,25861

2.41 0.13552 0.25851
2.42 0.13531 0.25841
2.43 O.f 3509 0,25831
2.44 0.13488 0.25821
2.45 0. 1 3466 0.25811
2.46 0.13445 0.25801
2.47 0.13424 0,25791
2.48 0.13403 0.25781
2.49 0.13382 0.25771
2,5 0.13362 0.25762

0.309646
0.309652
0,309658
0.309664
0.309669
0,309674
0.309679
0.309684
0.309688
0,309692
0.309695
0.309699
0.309702
0.309705
0,309707
0.30971
0.309712
0.309714
0.309715
0.309717
0-309718
0.309719
0.309719
0,30972
0.30972
0.30972
0,30972
0.30972

0.309719
0,309719
0.309718
0.309717
0,309715
0.309714
0.309713
0.309711
0,309709
0.309707
0.309705

0.30393
0.304

0.30406
0,30412
0.30419
0,30425
0.30431
0.30437
0.30444
0.3045

0.30456
0.30461
0.30467
0.30473
0.30479
0.30484
0.3049

0,30496
0.30501
0.30506
0.30512
0.30517
0,30522
0,30528
0.30533
0,30538
0.30543
0.30548
0.30553
0.30558
0.30563
0,30568
0.30572
0.30577
0.30582
0.30586
0.30591
0.30596

0.306
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If M/K is large, then natural mortality exceeds growth indicating many fish wili die before
completing their potential growlh, Management should allow heavy fishing at a small size
relative to maximum size. Cod and silver hake reach maximum biomass at only 61% and

51 /0 respectively 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. Yellowtail flounder with M/K = 0.3 reaches maximum
YPR at 85'Yo of its maximum size.

A3-73

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 fiounder requires a mesh 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 almost all whiting and most yellowtail flounder,
Conversely, using a mesh size appropriate for whiting wilt result in the capture of juvenile
cod and severel rowth and recruitment overfish the cod stocks.



CHAPTER VI - YPR ANO SSBPR Exercise 2

Use the spreadsheet program in worksheet Exercise 2.

Insert parameter valises for summer flounder in the appropriate piaces.

For each value of L ~ and L,> �5 and 55 cm!, use F values of 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5,
2,0, 2.5, and 3.0.

For each value of F, copy the YPRISSBPR row  cells J26 to M26! and Paste Special as Values
in the matching F row below  cells C40 to C50 for 35 cm and J40 to J50 for 55 cm!,

A3-74
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standard deviation = 5

steepness = 0.33

ExamPle: Lrc and L~ = 55cm and
F =00

Yield Per Recruit  Model

ge L  cm! W kg! P N r Biomass $$B Gill Trav' Yr~ BBBr~ / /oe
0.0 0,00 1000 0 0
0.5 0.00 819 400 0
3.0 0.14 670 2028 276
7.8 0.96 549 4295 41' S
14.3 1.00 449 6407 8405
21.5 1.00 368 7925 7925
29,0 1,00 301 8742 8742
36,2 1.00 247 8937 8937
42.9 1,00 202 8663 8683
4S,9 1.00 165 S081 8081
54,1 1,00 135 7325 7325
58,S 1.00 1 11 6497 8497
62.5 1 .00 91 5666 5868
65.7 1,00 74 4880 4880
68.4 1.00 61 4160 4160
70.7 1.00 50 3518 3518
72,5 1.00 41 2956 2956
74.0 1.00 33 2471 2471
75.3 1.00 27 2057 2057
76. 3 1. 00 22 1707 1707
77.2 1.00 18 1413 1413

0 0
0 0
2 275

95 4115
974 6260
3534 5549
6168 943
1089 33
36
1 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

Yield/SSB 11027 12590 11899. 17178
YPR/SSBPR 11.027 12.590 11.899 17.178

Maturity Operators:
P �+  -al' r /rl!!! ~ l

55 cm35 cm

Y~ S~

A3-75

0 0.0
15.9

2 288
3 393
4 47.7
5 54.6
6 60,2
7 647
8 68.3
9 71.3
10 73.7
11 75.7
12 77.2
13 78.5
14 79.6
15 80.4
16 81.1
17 81.6
18 82.1
19 82.4
20 62.7

0,000 0.000
0,000 0.000
0,000 0.000
Q. 007 0.006
0.34S O.OS3
0.997 0.467
0.586 0.846
0.153 0.961
0,02S 0,988
0.005 0.995
0,001 0.998
0.000 0.999
0,000 0,999
0.000 1.000
0.000 1.000
0.000 1.000
0.000 1.000
0.000 1.000
0.000 1,000
0,000 1.000
0.000 1.000

0
0. 'l
0.2
0.3
0.4
0.5

1,5
2

25
3,000

0 0 0
118

1396
7138
2340

1

0 0 0 0
0 0 0 0 0
0 0 0

0.000
1.6745
3.0736
4.2709
52979
6.177
8.964
10,181
10.702
'l0.919
11.003

0 0
276

4118
6228
1914
39

4 2 2 1
1 1 1 1 1
1 1
0 0
0

95.798
81.495
69.784
60,188
52.31

45.S37
26.995
19.496
1 6.232
14.813
13.678

0.000
5,7364
8.2507
9.5313
10.267
10,728
11.818
11.848
11.921
1 1.940
11.938

95.798
67.619862
53,028843
44.538563
39.100139

35.353
26,457
22.878
20.857
19.517
1S.541

1000 1 . 00
819 8 19
B70 6'0
549 5  8
437 4.l9
89 2'i8
1 3
0
0 !
0 !
0 !
0 !
0 !
0 !
0 i!
0 i!
0  i
0  i
0  i
0  i
0  !
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CHAPTER Vll - PRODUCTIOII eIODELS Exercise f

GIWn the follOwing catCh and ~ ffnrt data for the traWl hahery On this pelagiC Itch sneaiea
for the period 1575 to 1515:

A, Plot Ihe trajectories of catch and effort. Describe Ihe time history of the fishery.
B, Estimate lhe paramelers of Schaefer and Fox Surphm Production models for ths

data using linear regreasknt.
C. Uae Solver to improve the parameter estimates for the Schaefar and Fox mode.
D. Estimate Ymv and ieav for bath models, compare graphic and empldcal estimates,

 A!

800

m

a 600

A3-77
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1200 0 0.0 0.2 0.4 0,8 0.8 1.0 1.2 1 4 1.8 1.8
Effort

A3 ~ 7$



CHAPTER Vlf ~ PRODUCTtOft MODELS Exao;Iaa 1

FrOm TOOIS. Data Ar7alyala, Ragroaaiart.

8

Z 4 3

0 00 02 0 a 0 8 0.8 1 0 1 2 1 4 1 8 1.8
Effort

A3- 79



CHAPTER Vtt - PRODUCTION MODELS

From Toola, Date Artalyal ~, Regreealort.
SUMMARY 0

Multiple R o.s&0SS75
R Square 0.775382
Adjualad R Square 0.7629032
Standard Error 0.$023971
Obaerva aorta 20

ANOVA

1 22.54807078 22.548071 52.138M53 3.02257647
1& S.S3i 5&0271 0.3828822
10 29.07005f 03

Rag reaatort
Raektual
Total

t Stet Ia.rrerbe Lower 05% 95 Lower 95, U 95,
6.0377090 0.347815905 23.100023 7.S443E-is 7.30807205 S.78S4456 7.3060720S S.7684458 f
-2.317989 0294082402 -7.5&28427 3.022&TMT -2.93579i 493 -i.700i882 -2.9357915 -t.7001551

Intercept
X Vartabta 1

 C!

CPUE Catoitoer  C~C~~ Catohww  C~C~'Yev
10 k 10,000 d

105877821 20 392 .92

A3 - 80

t 976
1977
1978
1979
19&0
1981
1Q&2
1 9&3
1 984
1 Q&S
19&5
1987
19&8
1989
1990
1 091
1992
1993
1994
1995

104
282
348
507
54$
602
584
542
521
4&7
472
418
29&
150
72
&1
$0
82
75
71

0.13
0.28
0,39
0.51
0.72
0.98
1.12
0.98
1.03
1.0Q
1.15
1.22
1.32
1.50
1.52
1.53
1. 55
1,55
1. 50
1.$2

$00.00
1007.14
&92,31
994,12
761. 11
61420
52t A3

505.83
448.79
4t0.43
340.95
225.78
100.00
47.37
52.04
38.48
51.90
48.85
43.83

i55.52

58S.27
785,85
121S,O3
1831,T1

1780.92
1081.13
2121. 04
2286.97
2484.75
2780.59
334S.30
3414.17
3447.32
3547.50
3S15. 14
3883M
3751. 91

3822.01
10916.83
48S20.07
7775323

44492928
1512193.82
2520780.75
1534032.58
2073971. 47
257007$. 0$
3290498. 82
4279734. 58
616328SA4
10220125. 92
11170114.08
11332093. T5
t 2163294AT
t 24&307 1.84
130i9434.iS
I 3549090 AS

155.38 3755,S3
320.51 1482,5Q
409.99 3842,99
484.18 520.58
555.'Is 51.2S
53028 3933,$5
483.18 10154.90
544,58 6.64
523.08 4.25
498.00 121.08
4&8.83 26.78
422.73 4827
346.30 2238.&5
163.12 172. t &
130.4S 45S3.05
127 A1 21S3.81
Qo.t7 010.f7
64.40 305.49
3IL I 4 1358.82
ii.iO 3SST.Si



CHAPTER Vll ~ PROOUCTIOH MODELS
Exen:iaa 1

FOX

a Effort
1 I k 10.000 da Irt CPUE! Ca ion  C ~C~' Ca~hYear

361,71558S77.73

1975
1977
1975
t979
1980
1961
1982
1983
1954
198S
1988
19e7
1988
1989
1990
1991
1992
1993
1994
1995

104
282
34e
507
548
602
584
542
521
487
472
416
29e
150
72
51
60
82
75
71

0.13
0.2e
0.39
0.51
0.72
0.98
1.12
0.95
1 03
1. 09
1 15
1. 22
1,32
1.50
1,52
1.53
1.58
1.58
1.60
1.82

6.68
B91
6.79
6.90
563
B.42
6.28

S.23
6.10
e,02
5.83
5.42
4,51
3.65
3.97
3.85
3.95
3.SS
3.78

297.72
452.91
488.BS
484.04
419.99
312.89
258AQ
321.05
292.87
26o.eo
247.S9
223.32
191 63
143.48
138.80
136.51
129,84
125,55
121.38
117.33

37525.79
292920.37
1 9840.89
526.99

16385,02
63563.58
' 05954. 80
46S18.74
52044,64
47225 A5
5036'I M
37128,88
113't4,38
42.57

4452. 54
3081.81
4877.68
1896,3Q
2150,85
2148.20

257.39
422.07
481.35
508.10
487,79
413 88
385,74
420 A5
39721
376.92
355.5S
333 OQ
300.49
248.18
240.58
237.7e
229.58
22422
218,98
213,77

23527.19
19620.98
17782.59

0.80
3825,81
35387.60
47203.14
14774.99
15324,01
1211 S.34
13322.5>
SS74.87

8.20
9251.03
284120$
24579.92
28755.98
20228.00
20721.71
20384.12



CHAPTER tN - PRODUCTtON MODELS Exerc lse t

700

500

400T 400

j xe
200

~ 00

V
200

0
0.00

0
000 1.00 1 50 2 002001 00

Edert �0.000 deye!

L Eflert �0,000 dare!

 D!

5GO

400

0
0.00 0.50 LCO

Eaert �0,000 cere!

A3-82

looking at Ihe sum of souars res1duais, we csh ses that the model the date much better then the Fox modal, with much lower
vaiues, This can also be Seen b looki et the with the mode  curves, it is obviua that the Schaefer curves fits the data better.



CHAPTER Vll - PRODUCTlON MODELS Exercis y 1

SCHAEFER MODEL

Microsoft Excel 8.0a Answer Report
Works beet: [Chapter 9 - Production Exercises,xts]Example 1
Report Created: 3/27/00 4:43:01 PM

Target Celt  Min!
Cell Name Original Value Final Value

$I $180  C prod C oh'! 108677621,20 39245.92

Ad ustabte Cells

Ceil Name Original Value Final Value
$D$186 a After 1184.780316 1382.414604

-698,28 849.1115245$D$187 b A er

Constraints

NONE

A3-S3



CHAPTER Vll - PRODUCTION MODELS
Exerciss t

FOX MODEL

Target Ceil  Min
Cell Name Original Value Final Value

$N$180  C>~-Cobs! 558577.73 361899.71

Adjustable Cells
Cell Name Original Value Final Value

$D$192 c After 8.0377 7.827092179
$D$193 er 2.318 1,817656676

Constraints
NONE

A3 - 84

Microsoft Excel 8.0a Answer Report
Worksheet: [Chapter 9 - Production Exercises.xls]Example 1
Report Created: 3/27/00 4:43:14 PM



Exercise 1

 a! Plot tha 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 Rlcker stock-recruitment model using both

the linear and non-linear regression methods.
 d! Oescrfbe and interpret the models for each species over their time history.

Salmon Yellowtall Flounder Slue Crab
Year
1921
1922 1957 4.6

0.21923 0.370
1924 61
1925 0.316f O.S162
1926 O.f
1927 0.2
1928 263 0.40.5

0.2 &6
3.71930 0.4

1931 67 3.'!
1.674 0.5

1933 97 219 1 5.2
1,5

125 19761935 17.8
1971 7,11371936

2.11937 7.5
O.f1938 159

0.771 0.1f 97$
193 1975 0.7
188 93
156 B3

S.7197857

6.3
197IC 11.992
197913.5 0.7113 1f4

1945 123 12.39.2
f03 44 198f &7

1982 1 f.B

1946 101
129 48

58.2 0,4 10.5ef 1983 12,975
f984 124 20.4 0.3 4.5
1988 16.4
1988 11.4

8.7
9.4 O.d
1 7.3 0,4f987 - 3.312% 12.7

17.12.7
f 9883.8
1996 2.8

24.3IL2 4.S
17.2' 7.11956 59

1958 138
11.3
16.8
16.2195'7 151 1.5

18.8ffg1958 149 19.4
12.5

3,7

1984 130
1965 121 144
1968 133
1967 110
1968 115
1969 160

128

1970 1BO

A3- 85

CHAPTER Vill - STOCK AND RECRUlTMENT

Given the foltowing stock-recruitment data, for each species:

1940 212
1941 284
1942 237
1943 229
1944 200

1947 75
1948 86
1949 75
1950 65
1951 89
1952 120
1953 74
1954 7T

1959 154
1960 149
f 98i 'l35
1962 54
1983 101

14.'l 0.4
SXS 0.4
28.8 0.6
23,8 0.6
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SHAD

900

0 1940 $9451950 1955

Yosf

0
1980 1965 19TO



CHAPTER Vill - STOCK AHO RECRUITMENT Ex~lee 1 - ' .Ills'

 b! Bsvertall-Holt Model

Llllesl'
Yew

2.0

1.8

1.8

1.4

1.2

f10
0.8

0.6

0.4

0.2

0.0
0 50 100 150 200 250 300,

8

1940
1941
1942
1943
1 944
1945
1948
1947
194&
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1980
19&1
1982
1963
1984
1965
1968
1987
1968
1969
1970

212
284
237
229
200
123
101
75
&6
75
65
89
120
74
77
59
138
151
149
154
149
t36
84
101
130
121
133
110
115
160
160

193
168
1M
136
113
53
103
129
114
97
&0
85
128
163
166
159
157
123
119
133
129
125
105
112
13&
144
109
111
12&
188
227

1 098
1.511
1,51 9
1.896
1.770
1. 462
0.981
0.581
0,754
0.773
0.813
1.047
0.93&
0.454
0.484
0.349
0,879
1.228
1.252
1.15&
1.155
1.0&0
0,800
0.902
0,942
0.840
1.220
0.991
0.898
0.962
0.705



CHAPTER Vill ~ STOCK AND RECRUITMENf Exercise 1 - Si sd

From Tools, Dsts Analysis, Regression
SUMMARY OUTPUT

0. 754M5048
0. 61 5449739
0.6021 89385
0.21 5433911

31

Muidple R
R Square

!usted R Square
Standard Enor
Observations

AhlOVA
df S hl F

1 2.214509774 2.214509774 46.412769 f,761 3E47
29 1.38368782S 0.0477133T3
30 3.5981 978

Regression
Reeidual
otal

Lower 95. U r 95Pmslue LowerCoeiQciisnts ndany Error t Stat
0.350692248 0.104066814 3.369234S52 0,00214567 0,1378111 0.5535733Q
0.0049709850.000729865 6.512691 759 1.75f 3E47 0,00347885 0,005463319

0.137811103 0 56357 l3
0,003478851 0.005483: l1

Intercept
X Vsrtsble 1

Non linear
Belore Aaar o run SoNer, go to Tools,

R~  Re -R~ R~  Rrrs&rreri! Solver.Year

the largel cell, select the:, irn
square residuals  SSR!

Select 'Min' lor the Equal To:

Select the a snd p as ihe
By Changing Cells

lt ls important to note that the z
snd i6 to be changed must be
the em' is snd P that srs in he

Holt equation in the
~ column snd the SSR

muet SISO be related lo
sane R column.

A3- Sa

1 940
1941
1942
1 943
1 944
1945
1946
1947
1948
' 949
' 950
' 951
' 952
1 953
1954
1955
1956
1957
1958
f 959
1 980
1961
1982
1983
1984
1965
1956
1957
'l 95S
f 969
f 970

212
284
237
229
200
123
101
75
SS
75
55
59
12D
74
TT
59
138
151
149
154
149
135
54
101
130
121
133
110
115
160
160

193
I SS
156
135
1�
83
103
129
114
97
80
85
128
163
158
169
157
123
119
f33
'
9
12S
105
112
138
144
109
111
128
188
227

150.280
180.389
154.327
153,105
148.071
127.369
118.032
103.346
110.158
103.348
98.197
1 11,851
f 28223
102.878
104.M2
91.374
f 32,503
136.565
135,985
f 37.414
135,988
131.517
108.992
118.032
129.QDQ
125.509
1 30.944
122.127
124.230
139,048
139.045

SSR:

1824.998
752.392
2.799

327,81 2
f 230.00t
1 988.588
225.952
558.000
14.754
40.303
282.328
720.9S7
3.f 58

3638,749
3762,322
5025.$42
59541 1
184.011
2M.529
19,464
48.508
43.790
15.935

65,483
302.455
4S1.547
f 23.81 5
14,211
838.348

T735.942
32262,934

f 50.400
156,S73
153.027
152.240
148.948
134,555
127.561
115,934
121.443
115.934
109.937
122.783
133.7f 6
115.381
117,012
105.753
138.328
141,122
140.717
141,714
140.717
137.62S
f 20.51 3
127,5S1
136.398
133.QQQ
137.t43
130.579
132,246
f 42,845
142.845

SSR

1 814.743
958.90'I
5.63T

297.202
1292.097
2657.899
M4,21 2
170.71 3
55.393
358.507
898.196
1427.554
32.671

2287.535
2399,820
3998,573
348.539
328.405
471,827
75.931
137,288
159.3S7
240.658
242.7SQ
2.558

100.020
792.DOS
3S7.285
15.029
832.792

7082.1 23
30270.675



Exercise 1 - Shed

200

150

100

50

150 200
S

50

0.229406803

A3 - B9

CHAPTER Vltf - STOCK AHD RECRUtTMENT

c pot e ve on m, creates sensa o
stock �! snd solve for R usln9 the fSeverton-Holt
equatlcn and the parameter values obtained from
Solver.

0
10
20

40

60
70
80
90
100
110
120
130
140
150
180
170
180
190
200
210
220
230
240
250
260
270
280
290

0
35.0784882
588962293
75.8789663
88,4799957
9$.474088
108.493252
113,070248
118,562014
123218883
127212097
130,87905
133.715888
138.397971
1 38.784037
140.920528
142.$44651
144. 588578
148.171009
147.61 8387
148.945755
1 50.'l 87446
151295594
152.340548
153,311185
154,216169
155.05911

1 56.848824
158.589387
15T 285193
167,940233



CHAPTER Vie - STOCK ARD RECRUITME71T Exercise 1 - Skad

 c! Rlcker Model

Year R I

12

0.8

06

0.4

g 02
p 0

-0.2

O.4

0.5

O.8

-1.0

1940
1941
1 942
1943
1 944
1945
l 948
1947
1 948
1949
1950
1951
1952
1953
1954
1955
1955
19S7
f 958
1959
1960
1961
1982
1963
1964
1965
1986
1987
1958
1959
1970

212
284
237
229
200
123
101
75
58
75
65
99
120
74
77
59
138
151
149
154
149
13S

101
130
121
133
110
115
160
160

193
188
158
135
113
$3
103
129
114
97
80
95
128
163
158
169
157
123
119
133
129
125
105
112
138
144
109
111
128
158
227

-0.094
4.413
0.418
%.528
O.S71
4.393
0,020
O.S42
0.282
0.257
0.208
C!.046
0,085
0.790
0,765
1.052

, 0.129
-0205
4.225
4.147
4.144
4,077
0223
0,103
0.060
0.174
4.199
0.009
0.107
0.049
0.350
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CHAPTER Vill . STOCK AND RECRUITMEHT Exercise 1 ~ .'Ihsd

f'rom Tools, Data Analysts, Rettresston
SUMMARY OUTPUT

0.740770553
0.54674 I 058

Multiple R
R Square

usted R Square 0.533160403
Standard Enor 0.257340987
Observations 31

OVA
SS trt F

1 2.335379992 2,335379992 352546542 f.&863EOO
29 1.92050712& 0.0&62243&4
30 4.255887'f2

Regresskrn
Residual

Coettfchrnts Standant Error t Stet -nsbe Lower 95 U 9$ Lower 05.0% U g.',
0.73022148'I 0.122625344 5 9548496 1.&03E48 0.47942229 0.9&f020632 0,47942229 0.9&1020832
-0.905104843 0,000&59LI2 -5.93840502 1.&883E46 4.006883 4.0033487 O,0t3886ir989 -0.0033' 589

Intercept
Variable 1

Ito&llnesr
O run, go to cols, .

Qotrrer.
Before Behrer

R~  Rw,.R~' R~  R~~ewr!

the target cell. select the sum
square reakfvsts  SSR!

Select Nn for the Equal Y s:

SeleCt the a Snd p ss the
Changing Cells

It ls Important to note that the a
and p tO be Changed must t e

sane a and rf that are i i the
RICkar aqua&on ln the R ~
column end the SSR seiectr d
must also be related to the r arne
R column.

$3-91

1940
1941
1 942
1943
1 944
1945
1 946
1947
194&
1949
1950
1951
1952
1953
1954
1955
1958
1957
1958
1959
1980
1961
1982
1983
1964
1985
1966
1987
1968
198Q
1970

212
2&4
237
229
200
123
tot
75
BB
7$
55
&0
120
74
77
59
138
151
1CI
154
140
135
84
101
130
121
133
110
115
180
150

193
1&8
1$8
13$
113
53
103
129
114
97
$0
85
12&
183
1$8
189
1$7
123
1t9
133
129
125
105
112
138
144
10Q
111
128
188
227

149.095
13&299
148.708
147.683
f49.54f
136253
125.180
106.149
115.071
106.149
96.814
117.276
134.9$1
105270
107,873
90.811
141,800
144.991
144.53Q
145.$24
144.53Q
1 40.660
113.549
125.180
138.962
135.413
130.998
130,213
132.701
146.734
146.734

SStL

1927.6$4
2470,159
$6.370
150.358
1335240
2835,&33
491.953
522.156

1. 148

&3.709
252.71$
1 041 .715
4$.731

3332,757
3378.756
&144.$70
237. 1 57
4$3.503
$52.21 7
159,388
241.448
246.221
73.080
173.713
0.908
73.744
960.881
389.127
22.007
452. 249
$442,856
34731. 591

155.510
149.00$
154.$18
155.278
1$5,251
136.724
124,399
104.2$2
113.598
104.2&2
94.692
115.927
135,260
103.373
106,089
&8.390
143.035
147.304
148,715
148.143
148,715
141.807
111.996
124.390
f 39.$65
135.781
141.105
129.915
132.801
149.568
149.888

&Sit

1397.993
1520.37.4

1.397
41 1.202
17&5.140
2888.312
457.902
610.977
0,182
53.028
215. &54
958.505
52.$35

3555 435
3591.719
5497.986
195.01 7
590.680
788.097
229.319
313.806
2$5,505
4$.930
153 727
3,477

67.$73
1030.703
357.792
22.001
338,046

5980.18$
34377.980
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150

100

50



Exercise 1 - S sadCHAPTER VIII � STOCK AND RECRUiTMENT

BEVERTON-MOLT

Target Cell  Min!
Original Value Final ValueCell Name

32262.934 30270.676$H$145 SSR

Adjustable Cells
Celt Name Original Value Final Value

$D$148 a After Solver 0.005 0.00556682

$D$149 A er olver Q.35Q7 Q,2294Q68Q3

Constraints

NONE

A3-93

Nlicrosoft Excel 8.0a Answer Report
Worksheet:  Chapter 10- Stock Recruitment Exercises.xls!SMAD
Report Created: 45/00 11:52:01 AIN



CMAPTER Vill - STOCK AND RECRUITMENT Exercise 1 - Shad

RICKER

Target Cell  Min!
Cell Name Original Value Final Value

$H$299 SSR 34731.591 34377.959

Adjustable Cells
Ceil Name Original Value Final Value

$0$302 a After Solver 2,075540209 1.972580449
$0$303 A er olver Q.Qp5<p4843 Q.QQ4663087

Constraints

NONE

A3 - 94

Microsoft Excel 8.0a Answer Report
Worksheet: [Chapter 10 - Stock Recruitment Exercises.xls]SWAD
Report Created: 4IS/00 11:52:01 AM



Exercise 1 - 5 almon

SALMON

100

A3 -9$

CHAPTER Vlf l ~ STOCK AND RECRUITMENT

0
1920 1925 1950 1935

<50

400

50 I

0
1IMO 1945 1950



CHAPTER VIII - STOCK AND RECRUITMENT Exerclae 1 - Salmc ~

 b! Bewrton-Holi Model

Linear
Year

20

15

14

12

g 1.0
05

0.5

04

0.2

0.0
0 50 100 150 200 250 000

S

1921
1922
'I 923
1924
192S
1925
1927
1928
1929
1930
1931
1932
1933
1934
193S
1938
1937
1938
1939
1940
1941
1942
1943
1944
1945
1948
1947
1948

150
40
70
108
162
253
87
109
QO
109
5'7
74
QT
145
88
137
128
123
T1
58
93
53
92
T7
55
44
48
75

449
228
199
51
181
148
'182
263
159
117
25S
2S4
219
128
125
135
133
159
183
88
57
8Q
150
114
125
82
TT
81

0,334
0.175
0.352

1.008
1.733
0.537
0.414
0.588
0.932
0.337
0291
0.443
1.1 51
0.704
1.015
0 947
0 774
0.388
1.023
1.S32
0.913
0.513
0.875
0.524
0.53'T
O. 823
0.925



CHAPTER VIII ~ STOCK AHD RECRUITMEitT
«srciss I - 3slmon

From Tools, Data Analysis, Regression:

It on-tineer

0 Illn Ohrel. go lo
R~  Ra -R~! R~  Ra -R~

Ihe target ceil, select the sr rrn
of st uare residuals  SSR!

Ssasot 'Min' for lhs Et us t To

Select the a and P ss the
By Changing Cells

It IS impcrtant to nole thai the ~ r end
to be changed must be the r erne

a snd p that sre in the Bevsrrr rn-
HO!t ertuabbn rn 'lhe R ~ CCtur ill
and the SSR seleoted must sis o be
related to the earns R cciunin.

'I921
1922
1923
1924
1925
1928
f927
1928
1929
1930
1931
1932
1933
1934
1935
193$
1937
1938
1939
1940
194 t
1942
1 943
1944
1945
f 948
194T
1948

150
40
70
105
162
253
87
109
90
109
87
74
97
145
8$
13'7
125
f23
71
88
93
83

77
58

4$
75

449
228
19Q
81
151
14S
152
2$3
159
117
258
254
2fg
128
125
135
133
158
183
88
67
59
150
114
128
82
77
81

150.078
92.454
118.255
135.385
1 49.947
181.S13
127.531
138.422
128.919
138.422
127.S31
120.855
131.923
148.448
12$.001
144.558
141. 593
140.842
1'18.85f
128.001
1 30~
113,S82
129.509
122.399
1 15,550
98.94t
101,027
121~

SBR:

$9354.372
18372.874
$519.291
2955.853
f 22.180
250.047
'I 18S.090

t 502t.951
904.$74
377218

17022.079
17772. 783
7552.445
41 lk035
9.008
9f .544
75,5$0
329,728

41tt35t
1754.082
5384,784
1985,801
407.$$5
lb.537
107.131
223235
577257
1821,377
19T 124.40

175.0ST
115.395
145.941
154.S95
150.5$8
193250
IMPS
158.049
157 810
15$.04Q
158,278
148.551
151. 120
178.911
158.798
174.88$
171.781
170.855
14$. S40
15S.TQS
159a73
140.552
158. 793
1 50.574
143. 008
121.519
128.343
149.310

SSR:

73393,911
124%k 470
2815225
7038.379
38S.757
2232,580
32.780

9399.487
1.415

2405.819
10347. 894
1109$.310
3350.104
2591.948
1010.952
1591.091
1503. 944
140,$22

1322,025
5012.088
10459. 71 5
51 34.01 7
77.315

1337.589
289270
1589.535
2434.714
4888285

174097,170



Exercise 1 - Salmi sf

50 100 150 200 250 300

S

a 0. 004533007
0. 1 $23 3435Q

A3 - pff

CHAPTER Vill - STOCK ARD RECRUITktERT

o p f verton- m, create a aenm
stock �! ancf solve for R uafnq the Beverton-Holt
equation and the parameter values obtained Ifom
5ofver.

0
10
20
30
40
50
SO
70
$0
90
100
110
120
130
140
150
180
170
180
190
200
210
220
230
240
250
250
2TO
280
290
300

0
48.1 545114
70.0631008
100.551511
116,306023
128. $39753
138. 1 4&844
145. 041300
152.3$S225
157.810291
182,4338&T
168.423206
150.900823
172. QS852
175. $88568
1 78.085805
180258227
1 &221 8557
183.99T217
1 85,818342
1$7.101974
188,464802
1 89.72125$
190,883087
101.9M871
192. 98285
193.80727
194.7705S

195.558584
198. 35S375
107. 07&430

0
102.8200545
123,89001 79
132.6523024
137.6S45297
140.8343198
143.0370702
144.8531260
145,8503384
'1 48.885542
147.5550618
148. 30902S2
148.8575738
149.3250055
149,72&0854
150,07910SB
150. 3&78035
150,6508515
150. 9045027
151.1233373
151,3207503
151. 4005071
151.5829541
151,8122215
151. 9403084
152,0758471
1 M.192454 t
t $2.30078%
t 52.401 485
152.40637$
1$2.5831101



CHAPTER VIII - STOCK AHD RECRUITMERT Exercise 1 - 3 elman

lc! Rlcker Madel

Llneer
R IrfTeer

2.0

1.0

8 os
c

0.0

-1.0

1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1938
1937
1938
1939
f 940
f 941
1942
1943
1944
1945
1946
1947
1948

150
40
70
106
162
253
67
109
90
109
87
74
97
'I 45
88
137
128
123
71
8S
93
63
92
77
68

48
75

449
226
199
61
161
146
162
263
159
117
258
2S4
219
128
125
135
133
159
183
88
87
89
150
114
128
62
77
81

1.098
1. 740
1.04S
-0.269
41.008

0.822
0.881
0.589
0.071
1 087
1 233
0. S14
-0.140
%.351
-0.015
0.054
0.257
0.947
C.023
O.490
0.091
0.4%I
0.392
0.847
0.823
0.473
0.077



CHAPTER Vttt ~ STOCK Aft0 RECRUITMEftT Exercise 1 - 8 elm t n

From Tools, Dele Analysts, Regression:

fton4tnear
c nrn, go lo

Solver.

the beget cea, select the sum
cf square residuals � SR!

Seteot Mat' fer the Equal To:

Re R~  R~-R~ R~  R» -R~

Select the a end P es the
By Changing Cells

1921
1922
1923
1924
1925
1928
1927
1928
1929
1930
1931
1932
1933
1934
1935
193$
1937
1938
1939
1940
1941
1942
1943
1944
1945
1948
1947
194S

1$0
40
70
106
162
253
67
109
90
109
S7
74
97
145
8$
137
'l26
123
71
BS
93
63
92
77
65
44
48
75

449
228
199
61
181
146
162
2$3
159
11T
25S
254
219
126
125
135
133
159
183
88
57
BQ
150
114
12$
$2
77
$1

164.$9Q
90.723
1 30. 309
155.685
164.$62
141.166
144 508
1 $6.9$0
145.$70
156.980
t 44.805
134.175
151.163
154.737
145.510
'I 64.065
162227
161.523
13'1.304
145.$10
1 48.797
122.810
148.170
138.884
125.142
97202
103282
135.095

SSRt'

80713 455
t $844.838
471$,3%
$577.785
12,685
23.370
295.$23

11244,$54
147.141
1596.774
12812.811
14357. 995
4601.634
1500.58't
420.642

S64201
6.367

2572.$09
3541,357
S425.729
2895.$32

3,350
523.5Sl
0.020

231.099
690.759
2925,38Q

180485. 31$

1$5.52$
96.708
140.983
171 41$
1$6,23Q
157.0$9
t57 958
173.074
160.445
173.074
1$7.968
145.430
1$5.703
154.888
15S.803
183.414
180.381
179.334
142.108
1 58,803
162.790
132,395
162.024
14$.585
138.157
103.815
110,$28
1 4&500

SSR:

6941 M29
17238. 069
3368289
$174.948
537.014
443,497
1 6,339

8088,885
2.088

3144.2Q4
10008 423
t 1 7$7.401
2640.51 8
3467.$40
1142.$39
2343.8$0
2244. Q37
4 13.4$$
1672,120
$300.268
11 t91.525
401$,935
144. $72
1196,122
103,7S1
475.914
1124.014
42902b4

174297.074

itis imtportsnt to nels that the a er~ I
to be changed must be the earns

a and p that are in the Rtcker
in the R ~ cciumn and

SSR selected must also be
netated tc Ole same R column.



<>srctse 'I - 8 ~ Irnon

1 50

0 50 100 150 200 250 300

8
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3.084912383
0 006093136

A3 - IOI

CHAPTER Vill - STOCK AND RECRUITMENT

To plot the Ricker model, create e sensa of stock
�! snd solve for R usirtq the Ricker equetlort arrd
the parameter values obtained from Solver.

0
10
20
30
40
50
80
70
80
90
100
110
120
130
140
150
180
170
1%i
190
200
210
220
230
240
250
260
270
280
290
300

0.000
29.026
54.620
77.0SS
96.708
113.737
128.417
140.963
181.878
180.445
187.734
173.601
178.188
181.626
194.035
185.525
186,195
185.138
185.437
184.189
182A02
180W1
177.823
174.719
171.53Q
188.124
184.513
180.742
158.841
152.840
14S,785

0 000
34,188
82.692

105.417
120.82S
132.945
1422 I 8
149.032
153.733
158.62S
157.975
158,020
158.987
154,999
152275
148.933
148,095
140.869
136,342
131,595
126.697
121. 704
«6.865
111.825
105.817
101.571
98.810
92.086
87.423
82,925



CHAPTER Vill - STOCK AND RECRUITMENT Exercise 1 - Salmon

Target Ceil  Min!
Original Value Final ValueCell Name

$H$220 SSR 197124.395 174097.170

Adjustable Ceiis
Cell Name Original Value Final Value

$D$223 a After Solver 0.005309332 0.00453301
$D$224 After Solver 0 220273551 0.16233436

Constraints

NONE

A3 - 102

Microsoft Excel 8.0 Answer Report
Worksheet:  Chapter 8- Stock Recruitment Exercises.xis]SALMON
Report Created: 5/12/00 1:11:30 PM



CHAPTER VIII - STOCK AND RECRUITMENT Exercise 1 - Salmon

Microsoft Excel 8.0 Answer Report
Worksheet:  Chapter 8- Stock Recruitment Exercises.xls]SALMON
Report Created: 5/12/00 1:34:22 PM

Ta et Cell  Min!
Cell Name Ori inal Value Final Value

$H$406 SSR 180485,316 174297.074

Ad ustable Cells

Cell Name Origina! Value Final Value
$D$409 a After Soiver 2.951451073 3,084912383

$D$410 After Solver 0.006584 0.006093136

Constraints

NONE

A3- 103
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CHUTER Vill - STOCK ANO REC RUITS1EHT

YELLOWTAIL FLOUNDER

 s!
30

0
1975
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CHAPTER VIS - STOCK AND REC RUlTMENT
Exsrdoo 'l - YSlrawreS Fl mrrdor

2.5

2.0

1.5

1.0

0.5

00
0 10 15 30!2520

L.

Frorrr Tools, Dots Arrslysls, Rsgrssskorr'

A3 - 10$



CHAPTER VIII - STOCK Aft D RECRUITI4EHT

arun .goto
Solver

SeleCt the a and ff ae the
y Changing Cells

SO

4O

 E 30

20

10

0

0 5 io 15 20 25 30
S

cp m, a
of stock  S! and solve fcr R using the ~
Holt equadon and the parameter vakfm

Solver.

a 0.009312433
0. 31831 &8

Year
1978
19TT
1978
1979
1980
1051
1982
1983
1g84
1065
19SS
1987
1988
1980
'1090
1 991
'I 992
I 993
1994
1995

S
25. 5
15.0
11.9
13.5
0.2
B.T
11,6
12.9
12 4
18,4
11 4
3.3
2.7
3.8
2,6
22
5.1
4.3
3.5
3,7

Re
50,3
57.1
20. 1
14.1
50.5
28.8
23.5
582
20. ~
T.4

17.3
B,3
6,2
17.2
5.5
S.2
16.8
4.0
52

Befcre
R~

29.130
26. T92
23. 494
24. 551
21,231
18.325
23.2TB
24.175
23.844
26.095
23.128
12. 080
10.500
13242
10.218
9.031
15.829
14.309
12.552
13.018
SSIK

0 1
2 3

4 5 8 7
8 9
10
11
12
13
14
15
18
17
18
10
20

 R ~-R+
447.778
915.M4
11.522
109.230
556.685
7 I 780
0.275

1025.595
11.558

349.5t0
188.402
27 3SS
17.538
49.585
48.743
5.910

92.700
8207

58,556
61.005

435S.970

0
3.05221302
5.035713SS
5. 68411233
11.2495956
13. 7031088
16.0344078
1525288M
20.3558823
22,3807045
24.3047074
26,1434577
27. 9025778
29.5871302
31201 7554
32 75072TS
34.2379828
35. 6870823
37.0414277
38.3640888
30.S379287

Aher
R~

45.851
37.041
27. 730
30.403
22.773
17.599
27.208
29.422
28 585
34.815
26.558

7 881
10. 743
7.591
8.493
13.942
11.009
9.074
10,488
SSR:

0
5~1 SS
8. 335764595
10.32082740
11.71543215
12.74924779
1 3,5481 5854
14, 1 7922541
14.8042574
15.12147585
15.48155373
15. 7891 71 5

18.05501519
1 528705305
15.401 34793
18.5725047
18. 83448544
18.QT908384
17.11140475
17.23074501
17.33958T14

 R» -R~t
1 g. 526

402.346
58218

285.785
788,805
54.686
11.515

717.067
68,995
751. 850
304. 725
51.558
2.437
20.842
92.341
0,011
59.Q32
23.04Q
2S.746
27.988

3785.000

Exerctee 4 - Yegowtall Floun ter

the target ceN. select the eum
~ cluare reekluele  SSR!

Sekrct 'Min' for the Equal To:

It i ~ lni portent to nate that the a
and ff lo be changed must be

~ same a and p that are in lhe
~Holt ecuetlon ln Ihe
R~ column end the SSR
selected must aieo be related tc

same R column.



CHAPTER VIS - STOCK AND REC RUITllEHT
Exercise T - Ysllowlall FI turrder

 c! Rlcksr Ihodel
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00
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CHAPTER VIII - STOCK AND REC RUITIaEMT Exercise 1 ~ Ye8owta8 Flounder r

From Tools, Osta Analysis. Reqreesunt:

Mon-dneer
After 0 run, Qo to

Rma  Rn -R~ R~  Ru WYear

the ter9et ce9, select lhe aum
square residuals  SSR!

Select 'Min' for the Equal To:

Select Ihe a end p es lhe
y ChanQinQ Calla

II la important to note that the a
and i5 lo be chenQed must be
Ihe same a and id that are in the
Rickar equadon in the R~
column end the SSR selected
must also be related lo the same
R column.

A3 - I os

f978
1977
1978
1979
1980
1981
1982
1983
1984
1985
1988
1987
1988
1989
1990
1991
1992
1993
1994
1998

25.5
i5.0
11.9
13.5
9.2
6,7
11,5
12.9
12.4
18.4
11.4
3.3
2.7
3.8
2.8
22
5.1
4.3
3.5
3,7

50.3
57.1
20.'I
14.1
50,5
28.8
23.8

20 A
7.4
9.4
1 T.3
6,3
6.2
17.2
5.5

16,8
4.9
5g

14,872
18.080
18.582
18.757
17.448
15M4
18.491
18.71 8
18.555
18A74
18A37
9.588
8.194
10.880
7.947
6.922
13.010
1'I.823
10.024
10A45

SSR:

1255.141
1524.109

2.384
21,684

1092. 555
134,008
25.182

1404,SIP
3.044

122.83i
81.874
59.458
3.585
19.800
85,810
0,104
48.379
28,802

27.507

46.570
37.533
27.839
30A81
22.412
17.060
27,085
29A37
282I47
35.175
26,713
8.923
7.378
10.188
7.118
8.085
13,358
11.423
QA30
9.984

SSR:

13.912
382.855
58.835

788.9i1
94.878
10.794

718~
88.370
TTi.did
299.728
70.175
1,183
id,878
101.852
0.285
81.239
28,910
20.524
22A11

3782.744
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20

0
0 10 20 25 3015

2.868346553
0.017678719

A3 - 10'

CHAPTER Vtlt ~ STOCK AND RECRUITMEttT

op o erm .creates ss
stack  S! and solve tor R ustng the Rtcker
ottvatton and the parameter vstuos obtained
om Solver.

0 1
2 .
3

4 5

6 7 8
9
10
11
12
13
14
15
16
17
18
19
20

0.000
2,616
5,534
6,155
10.683
13.119
15.467
17 729
19.907
22.003
24.019
25,958
27.622
29.612
31.331
32.981

37.533
36.924
40.255

0.000
4208
7 595
10.282
12.373
13.959
15.118
15.918
16.419
16.671
16.717
16.597
16 340
1 5.977
15 528
15.016
14 458
13.882
13 247
12.620
11 989

Etterotse 1 - Yottowtsil F sunder



CHAPTER Vlii - STOCK AND RECRUITMENT Exercise 1 - Yeilowtail

Target Ceil  Min!
Ori inal Value Final ValueCell Name

$H$146 SSR 5237.757 3765,090

Adjustable Cells
Cell Name Original Value Final Value

$D$149 a After Solver 0.022922095 0,009312433
$D$150 ARer olver 0.381833703 0.3183186

Constraints

NONE

A3- i10

Microsoft Excel 8.0 Answer Report
Worksheet: [Chapter 8- Stock Recruitment Exercises.xls]YELLOWTAIL
Report Created: 5/12/00 2:35;15 PM



CHAPTER VIII - STOCK AND RECRUITMENT Exercise 1 - Yellow,tail

Ta et Cell  Min!
Cell Name Original Value Fin ai Value

5965.806 3782.744$H$293 SSR

Adjustable Cells
Cell Name Original Value Final Value

$D$296 a After Salver 3.689222124 2.866346553
$D$297 p After Solver 0.072337728 0,017676719

Constraints

NONE

A3 -! 1 I

Microsoft Excel 8.0 Answer Report
Worksheet: [Chapter 8- Stock Recruitment Exercises.xis]YELLOWTAIL
Report Created: 5/15/00 10:20:25 AM



CHAPTER Vill - STOCK AkO RECRUITMEkT Exercise 1 - Blue C eb

BLUE CRAB
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0
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Year



CHAPTER Vffl ~ STOCK AND RECRUITMEHT EIerclse 1 ~ SIUe Creb

 b! Beverton-Hoff Model

L le ocr

0.5

3.0

2.5

2.0

15

tp

0.5

00
0 1 1 5 0 7 0

A3 - l l 3

1958
1957
1958
1959
1960
1961
1962
1963
1 984
1966
1966
1957
1968
1989
1970
1971
1972
1973
1974
1975
1978
1977
1978
1979
1980
1981
1982
19S3
1984
1988
1988
1987
19SB
1989
1990
1991
1992
1993
1994

1.6
0.5
0.2
0

0.3
0.1
02
0,5
0,2
0.4
0,8
1.6
3

1.5
4.7
3

2.1
0,1
0.1
0

0.1
02
0.2
0.4
0.4
0.8
O.e
0,4
0.3
0.2
O.e
0.4
3.8
4.5
7.1
4
1.5
1.2
0.5

2,6
4.6
0.3
4

0.5

0 1
0.4
6,6
3.7
3.1
0,5
15.2
1.5
17.5
7.1
7.5
4

0,7
0.7
5,7
8.3
e.4
0.7
'l2.3
9.3
5

10.5
45
6.7
6.5
12,7
17.1
24.3
11.3
16.5
16.2
19,4
12,5

0.571
0. 104
0.687
0,000
0.600
0.000
0.200
1.250
0.023
0.108
0.258
3200
0 197
1.000
0264
0.423
0280
0.025
0,143
0.000
0.018
0.032
0.031
0,571
0.033
0.085
0.120
0.038
0.067
0.023
0.071
0.031
0222
0 185
0.628
0.238
0,093
0,062
0.040



CHAPTER VIB - STOCK AND RECRUITMEIIT Eaerctse 1 - Blue Crab

Fram TOOIS, Oats Analyala, Ragraealen:
SUMMARY OUTPUT

ion sties
0,1$5$0884

0.02742562S
Mulsple R
R Square
Adjusted R Square 0,001139831
Standard Error 0.555527335
Observations 39

AHClVA
F S

0.321993 1.04338302 0.313$731S
0.308611

1 0.32199291
37 11.41859296
38 11.74058587

R gresaion
Reaiduai
Total

P-value Lower 9$jj U 95% Lower 95.0% U 95.0%Coetfiorants Standard Error
2, I 06398 0.04201249 0.00898844 0,4819S17SQ 0,00$98844 0.4$198175i
1.021451 0.31387318 -0.05fe3$94 0.168000M2 <.0514M4 0,1$$00036:;

023$474099 0,111789914
0. 056307209 0.055124705

intercept
X Variable 1

Nondlnear
A

 R~W~ R~  R~-R~
0 run, Qo to sole,

Solver.Year

s the target cell. select the sun
ot square residuals  SSR!

Select Min' for the Equal To:

Select the a and P as the
y Changing Ceils

It ia imPortant lo note that the a
and P to be changed must be
the same n and jy that are in the
Bsvsrton&olt equation 1n  he
R ~ column and the SSR
selected must also be related lo
the earns R column.

1958
1957
1958
1959
1960
1981
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1988
19S7
1988
1989
1990
1991
1992
1993
1994

1$
0.5
0.2
0

0.3
0.1
0.2
0.5
02
0.4
08
15
3
15
47
3

2.1
0.1
0.1
0

0.1
02
02
0.4
0.4
0.6
0.6
0.4
0.3
02
0.8
0.4
3,8
4.5
7.1
4
1.5
1.2
0.5

2.$
4.$
0.3
4

0.5
0
1

0,4
$.8
3.7
3.1
0.5
15.2
1.5

17.8
7.1
T.S
4

0.7
0.7
5.7
$.3
6.4
0.7
12,3
9.3
5

10,5
4.5
8.7
8.$
12.7
17,1
24.3
11.3
IS,S
1$.2
19.4
12,5

4.915
1.$97
0.811
0.000
1.189
0.41S
0.$11
1,$97
0.811

1.550
2.852
4.915
7.418
4.6$8
9.398
7.418
5.937
0.415
0.415
0,000
0.415
0.$11
0,811
1.550
1.550
2MB
2228
1.550
1 189
0.$11
222$
1.550
8.455
9205
11.177
B.SB2
4.6SS
3.980
1.897

4. 471
$.430
0261
16.000
0.474
0.1T2
0.038
2.240
60.$75

4.$21
0.082
19.4$8
60.552
10.188
70.597
0.101
2. 443
12,$54
0.0$1
0,490
27 934
30.134
31.242
0.723

115.564
50.008
7.682
$0.095
10.964
62,243
39. 334
124.313
74.737
227.854
0.01 5

65.896
132,516
23$.399
112 432
1706.28Q

11.14S
$.598
3 490
0.000
4.727
1.955
3.490
$.59$
3.490

5.745
8.488
11.145
13.054
10.91T
14.049
13.054
12.044
1.955
1.955
0.000
1.955
3.490
3.490
5.745
5.745
7.322
7.322
5.745
4.727
3.490
7,322
5,745
13,$15
13.965
14,717
13.726
10.917
10,091
6.598

SSR:

3,232
10. DB
I $,00 
17 $70
3.$24
5.202
3$.411
2B.109

4.183
29.014
113.324
4.505

14.073
35.451

4.1 80
1.578
0.490
14.022
T.894
S.488
25.454
42.985
3.91 3
5.391
22.808
0.052

27.140
1,388

48.369
12,145
108.$09
11.879
9.462

27.908
88.84Q
34.837

1004.840
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CHAPTER Vfll - STOCK AHO RECRUITMEHT Exerctee 1 ~ Blue Cr ab

lnYear

 c! Rlcker Model

Llrfear

't 958
1957
1958
1959
1960
196f
1982
1983
1964
1965
1968
1967
1968
1989
1970
1971
1972
1973
1974
1975
1976
1 977
1978
1979
19SO
1981
1982
1983
1984
19S5
19M
1987
198S
19SQ
1990
1991
1992
1993
f 994

1.8
0.5
0.2
0

0.3
0,1
0.2
0,5
0.2
0,4
0.8
1,5
3

. 1.5
4,7
3

2,1
0,1
0.1
0

0.1
02
0.2
0.4
0.4
0.6
0.8
04
0.3
0.2
O,e
0.4
3,8
4,5
7.1
4
1.S

0.5

2,8
4.5
0.3
4

0.5
0

0.4
8.6
3.7
3.1
0.5
1$.2
1.5

17.5
7.1
7.5
4

0.7
0.7
5.7
6.3
6.4
0.7
12.3
9.3
5

10.$
4.$
5.7
8.5
12.7
17.1
24.3
11.3
18,8
16,2
19.4
12.5

0.580
2282
0.406
0.000
0.$11
0.000
1.609
-0.223
3.761
222$
1.3$5
~ 1.153
1,523
0,000
1. 332
0.86f
fM3
3,689
1.948
0.000
4,043
3.450
3.486
0.$80
3.428
2.741
2.120
3258
2.708
3.773
2,651
3.458
1.504
1. 888
0.465
1.435
2.380
2.783
321 9



CHAPTER VIII - STOCX AHD RECRUITMEIVT Exercise i - Blw Crab

5.0

40

30

2.0

>i0

00

-1,0

2.0

From Tools, Data Analysis, Repression;

A3 - 117



C HAPTER Vltt ~ STOC K AND R ECRU TMENT Exercise 1 - Blue C i sb

Honqinear
Before Solver er o tun, gc to cole,

R  R~H R  Ra -R~ Solver.Year

the target Cell, SeleCt the Sun'
of square residuals  SBR!

Select Min' for the Ertuat To-

Select the a and P as the
y C hanging Cells

tt is tmgortsnt to nots that the a
and jt to be changed must be
the same a and P that are in thr
Ricksr equation in the R ~

umn snd Ihe SSR sstected
must siso be related to the ssmr
R column,

1958
19ST
1958
1959
1960
1961
t 962
1963
1964
1986
1986
1 987
1968
1969
1970
1971
1972
1973
1974
1975
1978
1977
1978
1979
1980
1981
1962
1983
1954
1985
1 956
1967
1988
1989
1 g90
1991
1982
t 983
1994

15
O.S
0.2
0

0.3
0.1
0,2
0.5
02
0.4
0,8
1.8
3

1.5
4.7
3

2.1
Q. 1
0.1
0

0,1
02
0.2
0.4
OA
Q.B
0.6
0.4
0,3
02
0.8
0,4
3.8
4.5
7,1
4
1.5
td
0.5

2.8
4.8
0.3
4

0.5
0
1

QA
8.5
3.7
3,1
0.5
15.2
1.5
17.8
T.1
T.S
4

0.7
O.T
5,7
8.3
5.4
0.7
12.3
9.3
5

10.5
4,5
8.7
83
12,7
17.1
24,3
11.3
18.8
18>
19A
12.5

9,082
3.655
1.583
0.000
2.319
0.810
1.5$3
3.8$5
1.SS3
3.019
5,491
9.082
12.215
8.719
'12.7S3
12,215
10.5$7
0,810
0.810
Q.ooo
0,810
1.583
1,5$3
3.019
3.019
4.318
4.318
3.019
2.319
1.S$3
4.318
3.01 9
12.796
12.834
10.924
t2.846
8,719
7,4QO
3.585

SBR:

39.469
1 243
1.548
18.OOO
3.307
0.657
0,340
10.792
49.241
0.484
5.716
T3.859
$.911
52. 119
25.174
26.181
9.52S
10,173
0.012
0.490
23.908
22.252
23.20$
5.377
88,139
24,817
OASS
56,987
4,759

17 ASS
93,724
18.522

13t.478
0.141
1S.640
55.980
141.841
77.703

1185,139

11,038
4.463
1.915
0.000
2,808
0,980
1.915
4,463
1.91S
3.655
5.858
11.03S
14,909
10.593
1S,S85
14,909
12.$56
0.980
0.980
O, XO
0.980
1,915
1.915
3.655
3.655
5.232
5232
3.855
2.$%
1.915
5232
3.555
1S.85S
15,738
t 3.604
t S.727
10,593
9.092
4.463

SBR

67.582
0.113
2,609
18.000
S.319
0.961
0,838
16.5OQ
44.888
0.002
12.S4S
111,046
0.088
S2.68'T
4,474

29,008
9.1 18
O.OTQ
0.490
22275
19,228
20.113
8.T33
74,733
16.550
0.054
48,$52
2.688
48.033
10.6S1
S1.SOQ
2.080
73.313
4.869
t.160
31A38
108.283
54.590

t 099,1 38
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CHAPTER Vill ~ STOCK AND RECRUITMENT Exercise 1 - Blue Cr ib

BEVERTON-HOLT

Target Cell  Min!
Original Value Final ValueCell Name

$H$170 SSR 1706.289 1004.840

Adjustable Cells
Cell Name Original Value Final Value

$D$173 a After Solver 0.056307209 0.061611655
$D$174 A er ofver 0 235474099 0,0449785

Constraints

NONE

A3 - 120

Microsoft Excel 8.0a Answer Report
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CHAPTER Vill - STOCK AND RECRUITMENT Exercise 1 - Blue C rab

RICKER

Tar et Cell  Min!
Original Value Final ValueCell Name

$H$325 SSR 1185.139 1099.138

Adjustable Cells
Cell Name Original Value Final Value

$D$328 a After Solver 8.298847217 10.03559483
$D$329 A er olver 0.237359513 0,234257051

Constraints

NONE

A3 - 121

Microsoft Excel 8.0a Answer Report
Worksheet: [Chapter 10 - Stock Recruitment Exercises.xls!BLUECRAB
Report Created: 4/5/00 3:07:10 PM




