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" ANTARCTIC ECOSYSTEM
RESEARCH GROUP

La Jolla, California

1995 AMLR Predator/Prey Research
Completed

On March 4, 1995, the NOAA Ship Surveyor re-
turned to the port of Punta Arenas, Chile, complet-
ing the U.S. Antarctic Marine Living Resources
(AMLR) program’s annual investigation of preda-
tor/prey interactions in the waters surrounding
Elephant Island, South Shetland Islands, Antarctica.
The AMLR program, which is managed by the Ant-
arctic Ecosystem Research Group (AERG) at the
Southwest Fisheries Science Center (SWFSC) in La
Jolla, California, has been conducting preda-
tor/prey research in this 15,000-square-mile area of
the Southern Ocean for seven consecutive austral
summers. The AMLR program provides informa-
tion needed to formulate U.S. policy on the conser-
vation and international management of resources
living in the oceans surrounding Antarctica. The
program advises the U.S. delegation to the Conven-
tion for the Conservation of Antarctic Marine Living
Resources (CCAMLR), part of the Antarctic treaty
system.

The Seal Island field camp was reactivated on
November 30, 1994, when the field team arrived via
the tourist ship Explorer. The team included John
Bengtson, Mike Cameron, Lisa Hiruki, John Jansen,
and William Meyer, all of the National Marine
Mammal Laboratory (NMML), and Fishery Biolo-
gist Rennie Holt (SWFSC). After setting up satellite
communication and radio systems, and various
camp structures, scientific operations were immedi-
ately started.

In conjunction with studies on foraging behavior
and time spent ashore, 40 female Antarctic fur seals,
Arctocephalus gazella, were instrumented with radio
transmitters in early December. Time-depth re-
corders (TDRs) were deployed on 18 of the 40 fe-
males to provide detailed information on diving
behavior. Inaddition, 10 other female fur seals were
instrumented with satellite-linked transponders to
provide more information on foraging locations of
these animals. Capture and release of the animals
during instrumentation proceeded very smoothly.

The first census of chinstrap penguins, Pygoscelis
antarctica, was also conducted in early December.
The census was designed to estimate the number of

penguins attempting to breed in ten colonies repre-
senting a diversity of nesting habitats at Seal Island.
In addition, a census of macaroni penguins, Eudyp-
tes chrysolophus, was conducted. As part of a study
on penguin demography, efforts were begun to re-
sight penguins which had been banded as chicks
over the last seven years.

Thirty-eight adult chinstrap penguins were
equipped with radio transmitters; 12 from nests
with one member of each nesting pair instrumented
and 13 from nests with both members of the pair
instrumented. In association with foraging behav-
ior studies, the attendance of each bird to its nest
was monitored every 15 minutes. For the offshore
tracking study, an additional 27 chinstrap penguins
were instrumented with radio transmitters; 21 of
these animals also received TDRs. To provide de-
tailed information on chinstrap penguin diving be-
havior at sea and how that behavior may change
with the progression of the breeding season, 34
other chinstrap penguins were equipped with
TDRs.

On December 16, Bengtson, Meyer, and
Cameron embarked the Japanese research vessel
Kaiyo Maru to take part in cooperative studies with
scientists from the National Institute of Far Seas
Fisheries of Japan. The main goals of the study were
to track predators (antarctic fur seals and chinstrap
penguins) as they left Seal Island on foraging trips
and to sample the water column close to tracked
animals (both acoustically and with nets) to deter-
mine the type and density of prey. Both fur seals
and penguins, which had been previously instru-
mented with radio transmitters, were tracked using
an automatic direction finding (ADF) system lo-
cated on the island. Many of the tracked animals
had been previously instrumented with TDRs also.
By analyzing acoustic and net tow data, as well as
TDR records from tracked animals, a better under-
standing of the type and density of prey that Seal
Island predators typically encounter and how these
factors influence their diving behavior can be
gained. Meyer returned to Seal Island on December
25, while Bengtson and Cameron returned to Chile
via Kaiyo Maru.

Preliminary analyses from the December Kaiyo
Maru studies showed that a tracked chinstrap pen-
guin used an iceberg as a resting platform. The
diving profile recovered from the bird’s TDR com-
plemented shipboard observations and both indi-
cated that the penguin expended considerable
diving effort during forays into the water around
the iceberg.



Diet samples were lavaged from five chinstrap
penguins during the incubation phase as they re-
turned from foraging trips at sea. The diet compo-
sition was dominated by krill, Euphausia superba,
with evidence of lantern fish found in two of the
samples. In addition, scat samples were collected
from female fur seals tracked at sea to provide
insight into their diet. The krill retrieved from both
penguins and fur seals were analyzed by scientists
aboard Kaiyo Maru as part of an effort to understand
how predator prey preference relates to what is
seemingly available to them.

The hatching of chinstrap penguins began on
December 21, about three days later than last sea-
son. The first macaroni penguin chicks were seen
on December 24, only one day later than last year.
By the beginning of January, hatching of chinstrap
penguin chicks was about 75 percent completed at
one study colony known as Parking Lot colony. At
this time, the field team also noted that due to the
increasing number of chicks and their demand for
food, parent birds shifted their foraging strategy by
increasing the frequency of trips to sea. This change
was reflected by a dramatic increase in the number
of birds transiting the beach area in front of the field
camp.

In the first few days of January, monitoring of fur
seal pup growth rates began. One hundred pups
were weighed individually, and the procedure was
repeated at biweekly intervals throughout the sea-
son. After the first weighing, mean weights for both
male and female pups were found to be typical as
compared to past seasons. Daily censuses at two
rookeries on the island and biweekly island-wide
censuses showed an increase in the number of sub-
adult fur seal males moving into the Seal Island
area.

By mid-January, daily counts of fur seal pups
began to decline from a total of 196 to about 150. As
in past years, this trend was attributed to predation
on pups by leopard seals, Hydrurga leptonyx. Eight
pups were observed taken by one female leopard
seal in North Cove. This female, identified by a tag
applied last year, was the same leopard seal ob-
served hunting pups in the 1993/94 season. Al-
though only this tagged female was observed
hunting, a second adult leopard seal was observed
at the entrance to the cove on two days while she
was hunting, and it appeared that the tagged seal
released the pups to the other seal before proceed-
ing to capture another pup. This is the first obser-
vation of leopard seals feeding together at Seal
Island.

The Surveyor departed from Punta Arenas via the
eastern end of the Straits of Magellan on January 11,
1995. The ship arrived at Seal Island on January 14,
and fresh food provisions and other supplies were
offloaded to the field team on the island. In addi-
tion, two additional team members, Peter Boveng
(NMML) and William Cobb (SWFSC), were trans-
ported to the island. The weather was fair and the
resupply was completed without incident. During
the visit, ship and field team personnel conducted a
census of fur seal breeding sites on several islets in
the Seal Island archipelago.

On January 15, the ship traveled to King George
Island where the acoustic system was calibrated.
Two hull-mounted acoustic transducers were cali-
brated in the Martel Inlet of Admiralty Bay. Stand-
ard spheres were positioned beneath the
transducers via downriggers and monofilament
line. The beam patterns were mapped, and system
gains were determined for each transducer. Fol-
lowing the calibration, an acoustic and net sampling
survey for krill was conducted in Admiralty Bay in
collaboration with Wayne Trivelpiece (NMML),
who was conducting studies on the foraging behav-
ior and reproductive performance of Adelie pen-
guins, Pygoscelis adeliae, in the area.

On January 17, the scientific party initiated a
large-area survey, consisting of 91 conductivity-
temperature-depth (CTD)/rosette and net sam-
pling stations, spaced along approximately 2,037
kilometers (1,100 nautical miles) of acoustic tran-
sects. The objectives of the large-area survey were
to describe the distribution of krill and other
zooplankton, to assess phytoplankton biomass and
productivity, and to characterize the physical
oceanography in the waters surrounding Elephant
Island and the eastern end of King George Island.

During the acoustic transects, krill and other
zooplankton were located using an acoustic survey
system, comprised of a Simrad EK500 echosounder,
two down-looking transceiver/transducer subsys-
tems mounted in the ship’s hull (120 kHz and 200
kHz), and two Sun SparcStations for data logging
and postprocessing. Operations at each station in-
cluded (1) measurements of temperature, salinity,
oxygen, light transmission, and fluorescence; (2)
collection of discrete water samples at standard
depths for analysis of chlorophyll-a content, absorp-
tion spectra, particulate organic carbon and nitro-
gen content, primary production, ATP and DNA
content, size fractionation, floristics, and inorganic
nutrient content; and (3) deployment of a 6-ft (1.8
m) Isaacs-Kidd midwater trawl, fitted with a 505-



micron nytex net, to obtain samples of zooplankton
and nekton (krill).

A second cooperative predator tracking study
was conducted aboard Kaiyo Maru January 19-28.
The foraging trips of tracked penguins in this study
were found to be much shorter in duration (one day
or less) to provide for their rapidly growing chicks.
In contrast, tracked penguins in the December study
made multiday trips while they were brooding their
eggs. The shorter foraging trips limited the January
birds’” maximum foraging range to on-shelf and
near-shelf zones. Fur seals, however, continued to
make multiday foraging trips on and off the conti-
nental shelf in search of prey. During the study,
prey in both these areas appeared to be abundant
with krill and fish present in net tows conducted
aboard Kaiyo Maru.

On Seal Island in late January, macaroni pen-
guins completed creching at Parking Lot colony,
prompting the field team to conduct a fourth census
of the island’s macaroni colonies. The creching
stage is characterized by chicks being left unat-
tended by both parents for the first time. Leaving
chicks in the safety of the colony, both parents from
a nest are free to forage simultaneously to meet the
increasing food demand of the growing chicks. The
importance of the colony becomes apparent as
chicks that venture beyond its boundaries are
quickly preyed upon by other large birds, including
giant petrels, Macronectes giganteus. Also by late
January, about 25 percent of chinstrap penguins
chicks had creched.

In preparation for their first experience feeding
at sea, fur seal pups began molting into their juve-
nile pelage in the last days of January. Also, pen-
guin chicks began their final molt into their juvenile
plumage: brilliant, slate-blue backs with white
chests and the distinctive thin, black "chinstrap”
markings on their chins.

The large-area survey on Surveyor was com-
pleted on January 29. Following that, a small-area
acoustic survey was conducted to the north of Ele-
phant Island from January 29 to February 1. Acous-
tic data were collected along a 56 by 56 kilometer (30
by 30 nautical mile) grid, and directed net sampling
was conducted during dark hours upon krill
swarms detected by the acoustic system.

On the morning of February 1, Surveyor again
visited Seal Island to pick up Peter Boveng and
William Meyer. During the visit, fur seal pups were
counted on a small islet at the far end of the Seal
Island archipelago. Upon departure from the is-

land, a radio transmitter was towed behind Surveyor
to calibrate the ADF system located on the island.
A series of eight net-sampling stations were then
conducted in the southeast corner of the study area
to obtain specimens of Antarctic silverfish, Pleura-
gramma antarcticum.  The ship then crossed the
Drake Passage and returned to Punta Arenas on
February 5. During the port call, the ship took on
supplies and received scientific personnel for Leg II.

The ship departed from Punta Arenas for Leg II
on February 8, this time via the Beagle Channel.
After crossing the Drake Passage, the ship arrived
at Seal Island on February 11. Supplies and mail
were dropped off at the field camp during the visit.
Immediately following the resupply visit to Seal
Island, a small-area acoustic survey was conducted
north of Elephant Island. The survey was similar to
the one conducted on Leg I to describe the abun-
dance, distribution, and density of krill within the
foraging range of krill predators at Seal Island. The
survey was completed on February 14.

A large-area survey, a replicate of the one con-
ducted during Leg I, was conducted from February
15-26. Throughout the cruise, continuous measure-
ments of incident visible radiation, spectral ultra-
violet radiation, and meteorological parameters
were recorded from shipboard sensors. Water tem-
perature, salinity, light beam attenuation, and chlo-
rophyll-a fluorescence were recorded from the
ship’s clean intake water line at a 5-meter depth.

On Seal Island, the fourth fur seal pup weighing
session was completed in mid-February. One hun-
dred pups were weighed and sexed at the two rook-
eries on the island. Also, TDRs were deployed on
six chinstrap penguins still feeding chicks during
the creche phase. Data on diving behavior during
creching will be compared with diving data col-
lected throughout the breeding season to assess
potential changes in diving behavior in response to
the growing demands of their chicks and changes in
prey availability offshore, as indicated by studies
aboard Surveyor.

Toward the end of February, chinstrap penguin
chicks began to fledge. Fledging is a stage when the
young penguins become independent of the parents
and make their first trips into the water. With the
initiation of fledging, the field team scientists turned
their attentions toward capturing and weighing the
fledglings. Chick weight at fledging provides an
index of fledging condition for comparisons be-
tween breeding seasons. The team also collected
various morphometric measurements from the



birds (culmen length, culmen depth, wing chord
length).

Following the completion of the large-area sur-
vey, the ship transited to Admiralty Bay at King
George Island to calibrate the acoustic transducers
for a second time. In addition, an abbreviated sur-
vey of prey availability in the Admiralty Bay area
was conducted. Results of this small survey will be
compared with diet samples obtained at a local
Adelie penguin colony.

The Seal Island field team spent the last days of
the season completing their observations of chin-
strap penguin fledglings and the final stages of
closing the field camp. On March 2, the ship called
at the island to retrieve the entire field team. The
ship then transited the Drake Passage to Punta Are-
nas, bringing to a close the predator/prey research
of the 1995 AMLR field season.

Following a port call, Surveyor departed Punta
Arenas on March 9 for Leg III, bound for the island
of South Georgia. Originally, the planned scientific
operations called for the ship to operate between the
100- and 350-meter depth contours surrounding
South Georgia. Bathymetric mapping surveys, us-
ing the ship’s Seabeam system, were to be con-
ducted during dark hours. Also, a remotely
operated vehicle (ROV), equipped with a video
camera, was to be used during daylight hours for
benthic surveys to characterize the abundance and
distribution of Antarctic crabs.

However, after completing two days of ROV
operations, it became apparent that the ROV could
not be safely deployed in offshore waters due to
limited maneuverability of Surveyor and also be-
cause the ROV was not powerful enough to keep up
with the ship as she drifted. Following this realiza-
tion, a contingency plan was instituted in which
ROV benthic surveys were conducted inside pro-
tected bays and anchorages along the northern coast
of the island. The scientific objective of the new plan
was to describe the different types of benthic species
assemblages in the protected waters of South Geor-
gia. Four key physical factors were used in picking
dive sites: (a) exposure to offshore wave action and
weather, (b) bottom slope, (c) proximity to former
whaling stations, and (d) proximity to large glaciers.

During the first week (mid-March), three major
dive sites were surveyed using the ROV. The first
site in Rosita Harbor revealed a flat, topographically
featureless bottom which was dominated by large
(up to 1-meter tall) glass sponges. These sponges
appeared to be the only habitat available for other

benthic epifauna; very few animals, other than the
sponges, were found living directly on the substrate
of fine silt and clay. The distribution of the sponges
was mapped, and data were collected to estimate
sponge density.

The second surveyed site was located in Strom-
ness Harbor; this site was similar to Rosita Harbor
in all respects, except for the presence of an aban-
doned whaling station. Although it was expected
that debris (whale bones, sunken ships, discarded
equipment, etc.) might be found near the station, the
ROV survey did not reveal any such items. The
same glass sponges found in Rosita Harbor were
also found here; however, tube-building poly-
chaetes (marine annelid worms) were found to be
the dominant fauna.

An exposed pinnacle at the mouth of Stromness
Bay was the third site chosen for ROV operations.
This part of Stromness has a significant bottom
slope, and the site is considered to be exposed to
wave action. The density of benthic epifauna ap-
peared to be much lower than at the first two sites,
but species diversity appeared to be higher than at
either Rosita or Stromness Harbor.

During the rest of March and in the early part of
April, nine more sites were visited along the north-
ern coast of the island. Interestingly, each site’s
benthic community was unique: at Leith Harbor,
ascidians were dominant; at Jason Harbor, tube-
building polychaetes with symbiotic isopods; at
Fortuna Bay (a site within 500 meters of a large,
receding glacier), ophiuroids (brittle stars); at
Godthul, tube-building polychaetes; at Gold Har-
bor (a solid rock bottom exposed to a nearby gla-
cier), no animals; at Drygalski Fjord, polychaetes
with calcareous tubes and sponges; at Moltke Har-
bor, soft corals and ophiuroids; at Cape Crewe,
sponges and compound ascidians; and at Right
Whale Bay, sparse densities of starfish, large
isopods, and unidentified juvenile fish. A triangu-
lar dredge was fabricated to collect specimens at
each dive site for species identification; dredge
specimens served as "ground truth" for the ROV’s
video data.

Toward the end of Leg III, a hydrographic survey
of a submarine canyon on the northern coast of
South Georgia was conducted using the Seabeam
system. During the 1992 austral winter, a U.S. fish-
ing vessel spent considerable time fishing in this
area for Antarctic crabs. The goal of the survey was
to create a detailed bathymetric map of the sea floor
in an area where crabs are known to occur. This
information will be used in research on crab popu-



lation dynamics in this area. The NOAA Ship Sur-
veyor returned to Punta Arenas on April 7, bringing
to a close a successful 1995 AMLR field season. (J.
Rosenberg, 619-546-5600)

' COASTAL FISHERIES
RESOURCES DIVISION

La Jolla, California

Environmental Regulations and
Technical Efficiency: The Case of
Tuna-dolphin Fishing

Government regulations that address environ-
mental problems may affect the technical efficiency
of firms in an industry. Technical efficiency is a
measure of a firm's ability to produce relative to the
best firms in the industry, that is, relative to the
industry’s "best-practice frontier." New regulations
cause firms to alter their use of labor, capital, en-
ergy, natural resources, and other factor inputs in
the production process. The changes required to
comply with regulations often lower technical effi-
ciency. To the extent that firms adapt to new regu-
lations, technical efficiency may return to or exceed
pre-regulatory levels. In the long term, environ-
mental regulations may induce firms to invest in
research and the development of new, more effi-
cient and "environmentally friendly" production
technologies.

The impact of environmental regulations on
firms’ technical efficiency has been given relatively
little consideration. In view of this, Sam Herrick and
Dale Squires (SWFSC, Industry Economists) and
Kjell Salvanes (Norwegian School of Economics and
Business Administration, Bergen-Sandviken, Nor-
way) investigated the impact of the U.S. dolphin-
safe policy on technical efficiency in the U.S. eastern
tropical Pacific (ETP) purse seine tuna fishery. The
data used in this study were records of individual
sets from 34 U.S. purse seiners that operated in the
ETP during one or more years from 1987 to 1991.
The period 1987-1991 was chosen because it in-
cludesboth the pre- and post-regulatory periods for
regulations implementing the U.S. dolphin-safe
policy.

Under the U.S. tuna processors’ dolphin-safe
policy, enacted in April of 1990, U.S. processors
stopped buying tuna from suppliers who could not
certify that the tuna was "dolphin safe.” This deci-

sion essentially precluded purchases of any tuna
caught using the predominant strategy of fishing on
dolphins because some incidental dolphin mortal-
ity is unavoidable when engaging in "dolphin fish-
ing." In response to the dolphin-safe policy, U.S.
tuna fishermen switched to two alternative purse
seine fishing strategies. In one, vessels set their
purse seines around schools of tuna which are
sighted at the surface, a strategy known as "school
fishing." In the other alternative, called "log fishing,"
the purse seine is set around logs or other floating
debris (natural or man-made) to catch tuna often
associated with them. All three purse seine fishing
strategies involve the same basic gear and opera-
tional techniques, and can be conducted during the
same fishing trip.

A fishing vessel’s technical efficiency is a meas-
ure of its ability to produce relative to the best-prac-
tice frontier in the fishery. The best-practice frontier
is the maximum output (tuna production) possible
from a given set of factor inputs (fuel, labor, etc.) and
production technology (radar, purse seine, etc.).
Technical efficiency for an individual vessel is basi-
cally measured as the difference between its output
and the corresponding output at the best-practice
frontier. If a vessel is not technically efficient, then
it is likely that its production can be increased
through better use of the existing technology (for
example, changes in the way nets are deployed).

The best-practice frontier used in this study was
assumed to include a random component in order
to capture the positive and negative effects of fac-
tors, such as weather, that are beyond the control of
vessel operators. The more technically efficient ves-
sels are, the closer they will be to the best-practice
frontier, and the smaller will be the difference be-
tween their production and the best practice fron-
tier.

The best-practice frontier for purse seine opera-
tors was estimated using regression analysis. An
index of yellowfin and skipjack catch was regressed
on the following factor inputs: (1) short tons of
holding capacity, a measure of capital stock; (2)
effort, the number of hours spent searching for tuna
between sets; (3) sea surface temperature, to reflect
variation in the availability of tuna and fluctuations
in the ocean environment over time; (4) a variable
indicating whether or not helicopters were used for
locating tuna and herding dolphins; (5) variables for
the type of set (dolphin, school or log); and (6) a
variable for the year in which the set took place.

The regression results indicated that, for the
purse seine fishery as a whole, observed output was




significantly less than the best practice frontier due
to technical inefficiency rather than random factors,
such as weather, beyond vessel operators’ control.
These findings suggest that there is scope for ex-
panding production and raising technical efficiency
in the U.S. fleet as a whole by improving fishing
techniques.

The impact of the dolphin-safe policy on the U.S.
ETP tuna fishery was assessed by investigating
changes in technical efficiency for the three different
purse seine fishing strategies before and after the
policy was enacted. Scientists found that prior to
the dolphin-safe policy, year-to-year differences in
technical efficiency were nonexistent or minimal,
and following the onset of the dolphin-safe policy,
year-to-year differences in technical efficiency in-
creased significantly.

Researchers hypothesized that the technical effi-
ciency of vessels fishing continuously during 1987-
1991 might be unaffected by dolphin-safe policies
because of better fishing skills. In contrast, vessels
that entered and exited the fishery might have been
less efficient and affected by dolphin-safe policies
because these vessels would have less opportunity
to hone their fishing skills.

For the fleet as a whole, and for vessels that did
not fish continuously, researchers found that tech-
nical efficiency decreased slightly after the dolphin-
safe policies were implemented. Declines were
small, probably because vessels were already using
dolphin-safe fishing strategies. For vessels that
fished continuously, there were no declines in tech-
nical efficiency and evidence for a small increase in
technical efficiency for dolphin sets. These results
suggest that vessels fishing continuously may have
anticipated the dolphin-safe standard in 1989-90
and began to make adjustments before the policy
was implemented.

The study’s main result was that changes in tech-
nical efficiency after the introduction of the dolphin-
safe policy were small. This result is consistent with
studies of other industries that indicate environ-
mental regulations (for instance, pollution controls)
generally have had only modest effects on firm
productivity. It may be that firms adapt to regula-
tions unless environmental regulations require
firms to substantially alter production practices or
investments. If industry is forewarned about im-
pending environmental regulations, as in the case
of dolphin-safe fishing, adjustments can often be
made to diminish the impact of regulations on tech-
nical efficiency and hence costs to the industry. (S.
Herrick, 619-546-7111)

La Jolla, California

Comparison of California Sea Lion Pups
Counted on the Ground to Pups Counted
from Aerial Photographs

The Coastal Marine Mammal Program (CMMP)
conducts annual counts of California sea lion pups
at the end of their breeding season in July of each
year. The counts are used as an index of the popu-
lation, which are then used to estimate population
growth rates and size of the population in the
United States. The annual census is commonly con-
ducted by biologists on the ground who walk near
the sea lions. In 1987, the CMMP began using large-
format aerial photography to conduct these cen-
suses in order to reduce the amount of disturbance
that is sometimes caused during a ground census
and to make it easier to count large groups of pups
that are encountered at San Miguel and San Nicolas
Islands. An important question was "how do the
counts from each method compare?”

Studies were conducted at San Nicolas Island in
1992-1994 to compare counts of pups by biologists
on the ground to counts obtained from 126-mm
format aerial color photographs. The surveys were
conducted within a few days of each other. In 1992
and 1994, three biologists divided the island among
themselves to obtain one ground census each year.
In 1993, two biologists conducted ground surveys
of the entire rookery one week apart to obtain four
total ground censuses. In conjunction with these
ground surveys, two photographic surveys were
conducted in 1992 and 1994, and three were con-
ducted in 1993.

At San Nicolas Island, California sea lions are
found along approximately 16 km of coastline on
the southern side of the island. This segment of the
island was divided into 64 (unequal) areas that
depicted rock or sand substrate, or mixtures of both.
Pups were counted in 33 areas in 1992, 39 in 1993,
and 37 in 1994. Paired samples t-test analyses were
made of pup counts at these areas to evaluate the
precision of each method. This analysis tests
whether mean sample differences between pairs of
readings are significantly different from zero and
calculates the standard deviation difference. The
results of this analysis indicated that counts ob-
tained from aerial photographic censuses are more
precise (standard deviation difference = 45.073)
than counts obtained from ground censuses (stand-




ard deviation difference = 89.629). People counting
on the ground have difficulty counting large groups
(tend to count more than are present) and under-
count in most areas, especially areas that are not
completely visible to them (Fig. 1).
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Figure 1. Comparison of counts of California sea
lion pups that were made from aerial photographs
and by biologists on the ground at the same areas
of the rookery located at San Nicolas Island, 1992-
1994. The line represents 1:1 (the counts would fall
on the line if they were identical).

The total count of pups obtained by each method
can be quite close (as in 1994), or very different (as
in 1992; Fig. 2). In 1993, when multiple counts were
made, the coefficient of variation (CV) for aerial
photographic surveys was 0.040 and for ground
surveys it was 0.067 (indicating greater precision in
aerial photographic surveys).
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Figure 2. Total counts of pups at San Nicolas Island
obtained from aerial photographic census and from
ground census, with aline (through the mean when
available) to demonstrate the general trend that
would be observed by counts obtained from each
method.

The results of this study imply that counts ob-
tained from aerial surveys are more accurate than
ground surveys. The trend depicted from aerial
photographic surveys (and the population growth
rate that would be calculated from it) would be
more comparable to that of the population than
would be interpreted from ground surveys (Fig. 2).
(M. Lowry, 619-546-7174)
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Honolulu, Hawaii

PROTECTED SPECIES
INVESTIGATION

Hawaiian Monk Seal Recovery Team Meets
in Honolulu

The Hawaiian Monk Seal (Monachus schauin-
slandi) Recovery Team met at the Honolulu Labora-
tory December 6-7, 1994. Staff of the Marine
Mammal Research Program (MMRP) presented
data collected through the summer of 1994 on (1)
status and trends in the populations at the species’
major breeding sites and (2) the progress of the pup
rehabilitation project and recent efforts to mitigate
the mobbing problem at Laysan Island. Much dis-
cussion at the meeting was focused on (1) the con-
tinuing decline in abundance of seals at French
Frigate Shoals and the proposed expansion of the
pup rehabilitation project, (2) evaluation of the 1992
reintroduction of seals to Midway and further Mid-
way population rebuilding efforts, (3) the absence
of annual population assessment data from each of
the five major breeding locations (Lisianski Island,
Laysan Island, Pearl and Hermes Reef, French Frig-
ate Shoals, and Kure Atoll) and Midway, (4) the
need to perform mobbing-related monitoring of the
Laysan Island population to assess the effects of the
male removal that occurred in 1994, and (5) the
critical need for more funding for the recovery pro-
gram.

Minutes of the Recovery Team meeting contain-
ing the Team’s recommendations for future recov-
ery actions were forwarded to the Southwest
Regional Director on February 24, 1995. In addition
to the serious funding issue, important highlights of
the recommendations included the need for annual
population assessments at all sites, an evaluation of
the methods used to estimate survival and abun-
dance, development of island-specific population



models, expansion of the pup rehabilitation capabil-
ity with reintroduction of seals to Kure in 1995 and
to Midway in 1996, and monitoring Laysan seals
and establishing criteria for evaluating the effects of
the male removal on female injuries and deaths. In
addition, the Team decided to draft a proposed
amendment to the Hawaiian monk seal recovery
plan that would delineate the Team’s research and
recovery recommendations for the period 1996-98.
A final version of this document will be completed
later this year. (W. Gilmartin, 808-943-1239)

STOCK ASSESSMENT
INVESTIGATION

International Symposium on Pacific
Swordfish

Honolulu Laboratory scientists participated in
the International Symposium on Pacific Swordfish
held in Ensenada, Baja California, Mexico, Decem-
ber 11-14, 1994. The symposium was organized by
the Centro de Investigacién Cientifica y Educacién
Superior de Ensenada and the Southwest Fisheries
Science Center. Funding was provided by the Mexi-
can Swordfish Fishery Section of the National Fish-
ing Industry Chamber (CANAINPES in Spanish),
the Third World Academy of Sciences, and North-
west Marine Technology, Inc.

With growing market demand for swordfish,
fisheries in the Pacific (including the Hawaii-based
fishery and those off the west coast of the United
States, Mexico, and Chile) have expanded signifi-
cantly in recent years. The purpose of the sympo-
sium was to update information on the expanding
Pacific swordfish fisheries, exchange knowledge of
swordfish trends and swordfish biology, and stimu-
late international cooperation in swordfish re-
search. Swordfish research programs in the
Atlantic and Pacific Oceans were also represented.
Scientists from Australia, Chile, and Japan attended
in addition to those from Mexico and the United
States.

Three papers were presented by Honolulu Labo-
ratory fishery biologists and another by researchers
associated with the NOAA /University of Hawaii
Joint Institute for Marine and Atmospheric Re-
search (JIMAR). Fishery Biologist Robert Skillman
presented a paper entitled "Central Pacific sword-
fish status report" in which he described the recent
development of the Hawaii longline fishery for
swordfish and world landings, reviewed swordfish
biology and population dynamics in the Pacific and
Atlantic oceans, and described Honolulu Labora-

tory fishery monitoring and research strategies.
Fishery Biologist Russell Ito presented the paper
"The Hawaii longline fishery for swordfish"
coauthored with Fishery Biologists Robert Dollar
and Kurt Kawamoto. This paper profiled the Ha-
waii-based domestic longline fishery describing the
gear and fishing practices, landings and revenue,
participants, and the product and its distribution.
Fishery Biologist James Uchiyama’s paper, "Ageing
of North Pacific swordfish using hard parts,” was
coauthored with Skillman and Jeffrey Sampaga,
biological laboratory technician. The paper de-
scribed progress on developing techniques for de-
termining the age of swordfish from fin spines,
otoliths, and vertebrae and establishing relation-
ships between size measurements for these tissues
and whole animal measures. A provisional growth
model was also presented. Gerard DiNardo of JI-
MAR presented the paper "Spatio-temporal dy-
namics of broadbill swordfish (Xiphias gladius)
landings in the Hawaii-based North Pacific pelagic
longline fishery." The paper, coauthored with fel-
low JIMAR investigator William Kwok, charac-
terized the spatial and temporal dynamics of
swordfish landings in the Hawaii-based domestic
longline fishery and developed preliminary length-
based metrics of fishery performance.

Several other papers were presented by staff of
the La Jolla Laboratory, SWFSC. (R. Skillman, 808-
943-1257)

ECOSYSTEM AND ENVIRONMENT
INVESTIGATION

Trans-Pacific Migration of Northern Bluefin
Tuna Studied

Jeffrey Polovina, chief of the Ecosystem and En-
vironment Investigation, Honolulu Laboratory, has
been studying the dynamics of the trans-Pacific mi-
gration for the northern bluefin, Thunnus thynnus.
In recent years, the Hawaii longline fishery has
reported occasional catches of juvenile bluefin as
the bluefin migrate from the western to the eastern
Pacific. Since the mid-1970s, bluefin catches off
Mexico and California have been declining; a recent
review of the northern bluefin stock by Inter-Ameri-
can Tropical Tuna Commission scientist William
Bayliff has suggested that a reason for the decline in
eastern Pacific catches may be related to a decline in
the proportion of fish migrating from the western
Pacific to the eastern Pacific. Polovina has found a
coherent relationship between the proportion of Pa-
cific bluefin catch coming from the western Pacific




and the abundance of a bluefin prey, the Japanese
sardine, Sardinops melanosticta. During 1960-75,
when sardines were scarce, western Pacific catches
accounted for about 50 percent of the North Pacific
catches, while during the 1950s and 1980s, when
sardines were abundant, 80 percent of the North
Pacific catches came from the western Pacific. The
age composition of the western Pacific catch shows
a 50 percent increase in ages 2-5 bluefin (the ages of
fish usually caught in the eastern Pacific) when
sardines are abundant off Japan. Thus, researchers
hypothesized that the proportion of bluefin tuna
which migrate from western to eastern Pacific vary
with the abundance of sardines off Japan. When
Japanese sardines are abundant, fewer bluefin mi-
grate to the eastern Pacific. If the abundance of
sardines off Japan continues to decline, this hy-
pothesis forecasts an increase in catches of bluefin
in Hawaii and the eastern Pacific. (J. Polovina, 808-
943-1218)

FISHERY MANAGEMENT AND
PERFORMANCE INVESTIGATION

Hawaii Commercial Catch Landings Down
for 1994

Preliminary estimates of Hawaii’s total commer-
cial fishery landings for 1994 (Table 1) indicate that
landings were 12.6 million kg (27.7 million pounds)
valued at $62.4 million, down 3.7 million kg (8
million pounds) from 1993’s record 16.2 million kg
(35.7 million pounds)—the highest historical land-
ings for Hawaii. These are preliminary figures; final

Table 1. Hawaii commercial fishery data summa-
rized, 1994. Figures are preliminary estimates—
combination of National Marine Fisheries Service
(N) and Hawaii Division of Aquatic Resources (H)
data (first estimates, February 13, 1995). MHI =
main Hawaiian Islands; NWHI = Northwestern Ha-
waiian Islands.

kg (Ib) caught Revenue
(1,000s) ($1,000s)
Longline (N) 8,721 (19,210) 44,800
Troll-hand pelagics (H) 2,315 (5,100) 9,600
Aku boat (H) 454 (1,000) 1,500
MHI bottomfish (H) 227 (500) 1,600
NWHI bottomfish (H) 209 (460) 1,400
NWHI lobster (N) 73 (160) 850
Other 590 (1,300) 2,600
Total 12,589 (27,730) 62,430

figures may be revised due to additional informa-
tion being involved in the estimation procedures.

The data were compiled using 10 months of Ha-
waii Division of Aquatic Resources (HDAR) com-
mercial catch reports (extrapolated to 12 months)
and replacing HDAR longline and Northwestern
Hawaiian Islands (NWHI) landings with NMFS es-
timates based on Federal logbooks and shoreside
monitoring.

The primary cause of the decline in 1994 was a
drop of 2.5 million kg (5.5 million pounds) in sword-
fish landings. Associated longline bycatch was also
down because many swordfish longliners left Ha-
waii during the year for fisheries in other regions.

The exact reason for this exodus is not known,
but several causes have been discussed. These in-
clude the following:

1. The high cost of commercial fishing in Hawaii
(due to the cost of fuel, supplies, and repairs);

2. The time spent by some owners and captains
in transit to and from the mainland United
States;

3. Requirements for keeping permits active in
other fisheries (such as the Atlantic swordfish
fishery);

4. New fishing opportunities (such as in the
South Pacific); and

5. Reduced availability for swordfish in the
North Pacific (due to weather, oceanographic
conditions, prey abundance, or declining
stocks).

None of these possible causes are known to actu-
ally explain the situation; it is both a situation scien-
tists at the Honolulu Laboratory are studying
carefully now and a central focus for a joint NMFS-
University of Hawaii 5-year research project.

Total longline landings were down over 3.2 mil-
lion kg (7 million pounds) but still comprise 70
percent of total commercial catch in Hawaii.
Longline landings peaked in 1993 at 12 million kg
(26.5 million pounds); in 1994 they were 8.7 million
kg (19.2 million pounds) and in 1990 they were just
5.90 million kg (13 million pounds). Hawaii has
become a major source of swordfish for the U.S.
market, with most swordfish from Hawaii exported
to the east coast.

The impact on Hawaii fishing businesses is prob-
ably limited to those directly supplying the longline
vessels and those transhipping swordfish to the
mainland United States. However, more longline



vessels may now target tuna, which are more
important to the local market. Tuna prices are
not likely to increase because of this change in the
fishery.

Aku (skipjack tuna) boat landings continued
their long decline in 1994. However, gains were
seen in most other Hawaii fisheries, including
NWHI bottomfish and lobster and main Hawaiian
Islands tunas and bottomfish.

Final estimates of Hawaii landings will not be
available until mid-year when complete HDAR
commercial catch reports are available. (S. Pooley,
808-943-1216)

The 1994 Hawaii-based Longline Fleet

The 1994 Hawaii-based longline fishery was the
largest and most prominent domestic commercial
fishery in Hawaii. Preliminary longline landings
for the year are estimated at 8.72 million kg (19.2
million pounds) and $44.9 million in 1994 (Pooley,
unpublished report). There were many changes in
the Hawaii-based longline fishery during 1994; the
following is a summary of those changes:

The Western Pacific Fishery Management Coun-
cil (Council) moratorium on longline vessels, in
place since April 1991, has been replaced with a
limited entry program. This program allows per-
mits to be freely transferred and vessels to be up-
graded to a length limit. The maximum number of
Federal limited entry permits for the Hawaii-based
longline fishery is 168 vessels.

The NMFS mandatory observer program began
in February of 1994. The focus of this program,
administered by the Southwest Region, is on the
interaction of longline gear with sea turtles. A re-
cent workshop held at the Honolulu Laboratory
examined methods to improve the survivability of
turtles taken incidentally in the longline fishery.

Vessel Activity

There were 125 longline vessels operating out of
Hawaii in 1994 (Table 2). Although this is a slight
increase in the number of vessels, many vessels left
Hawaii during the year. Most of the vessels leaving
originally came from the east coast or areas of the
U.S. Gulf of Mexico. Reasons mentioned for leaving
Hawaii included the high cost of operations and
maintenance, poor swordfish catch rates, anticipa-
tion of better fishing elsewhere, and a desire to keep
longline permits active in other parts of the country.
In the fourth quarter of 1994, there were 14 fewer
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Table 2. Hawaii-based longline fleet operations,
1991-94. Summaries are based on date of landing.
Activity and catch are a result of trips summarized
in the concluding year.

Category 1991 | 1992 | 1993 | 1994
Vessels 140 123 122 125
Trips 1,664 1260 1,192 1,107

Total number of

days fished 12,656 11,501 12,283 11,042

Average days fished

per trip s

9.1 10.3 10.0

Total number of

hooks set (millions)] 1>*

11.7 13.0 12.2

Hooks set inside

EEZ 8.0

55 6.8 7.8

Hooks set outside

EEZ 43

6.1 6.2

42

vessels than there were during the same period in
1993.

Hawaii-based longliners completed 1,107 trips in
1994 (Table 2). The number of trips has declined
since 1991 because of fewer vessels fishing as well
as increased length of trips. The total number of
days fished in 1994 decreased to the lowest level
since the logbook collection program began in 1991.
The average number of days fished per trip peaked
in 1993 and decreased slightly in 1994. In 1994 there
were 12.2 million hooks set; hooks set inside the
Exclusive Economic Zone (EEZ) increased by about
1 million while hooks set outside the EEZ decreased
by 2 million. Hooks set reached the lowest level in
1992 and peaked in 1993.

Catch and Landings

Bigeye tuna became the largest component of the
landings by weight in 1994 (Table 3). Although
bigeye tuna landings decreased slightly in 1994, the
decrease was not as dramatic as landings for sword-
fish which decreased by 46 percent. Even though
swordfish landings decreased substantially, sword-
fish still managed to rank second in composition.
All other species of billfish, with the exception of
spearfish, also decreased in 1994. Mahimahi in-
creased 30 percent and retained its third place com-
position ranking. Albacore, the fourth largest
component of the landings, increased 21 percent,
while yellowfin tuna decreased slightly. Shark
landings remained about the same. Very few
sharks are returned whole; most of the sharks are
finned.




Table 3. Landings (in numbers) by the Hawaii-
based longline fleet, 1993-94.

Species | 1993 | 199
Billfish
Swordfish 76,000 43,100
Striped marlin 16,200 11,300
Blue marlin 4,800 4,700
Spearfish 3,500 4,000
Other billfish 1,900 1,200
Tunas
Bigeye tuna 53,000 48,700
Albacore 21,900 26,600
Yellowfin tuna 15,000 13,700
Other tunas 5,300 6,900
Sharks
Blue shark 14,200 14,500
Mako shark 1,000 800
Thresher shark 300 400
Other sharks 1,100 1,000
Other Pelagic Management Unit Species (PMUS)
Mahimahi 24,500 32,000
Moonfish 4,500 5,100
Ono 4,300 2,500
Miscellaneous PMUS - 1,200
Miscellaneous (non-PMUS) 7,200 6,700

Table 4. Catch-per-unit-effort (fish per 1,000 hooks)

of the Hawaii-based longline fleet, 1993-94.

Species 1993 1994
Billfish
Swordfish 6.11 3.61
Striped marlin 1.40 0.94
Blue marlin 0.39 0.39
Spearfish 0.28 0.33
Other billfish 0.15 0.10
Tunas
Bigeye tuna 421 4.01
Albacore 2.34 2.59
Yellowfin tuna 1.23 1.13
Other tunas 0.41 0.58
Sharks
Blue shark 11.53 9.18
Mako shark 0.10 0.09
Thresher shark 0.07 0.12
Other sharks 0.17 0.16
Other Pelagic Management Unit Species (PMUS)
Mahimahi 2.00 2.75
Ono 0.34 0.21
Moonfish 0.35 0.42
Miscellaneous PMUS - 0.11
Miscellaneous (non-PMUS) 0.96 0.58

Catch-Per-Unit-Effort

Catch-per-unit-effort (CPUE) is measured by the
number of fish caught per 1,000 hooks set. Sword-
fish CPUE declined by 41 percent in 1994, influenc-
ing some swordfish longliners to switch target
species during the latter part of the year. Even
though there was a concurrent rapid rise in bigeye
tuna CPUE during the fall season, there were only
slight changes in CPUE for all tuna species. Striped
marlin CPUE decreased by 33 percent. Blue shark
CPUE remained highest of all shark species al-
though it dropped 20 percent in 1994. Mahimahi
CPUE rose 38 percent in 1994, the highest of all other
pelagic management unit species (PMUS). Other
miscellaneous PMUS have much lower CPUE by
comparison. (R. Ito, 808-943-1213)

PACIFIC FISHERIES

ENVIRONMENTAL GROUP

Monterey, California
Monterey Bay Area Sport-caught Rockfish

The Monterey Bay and surrounding areas have
been important recreational fishing sites for a cen-
tury. Relatively little is known, however, about
how these fisheries have changed over time. Using
data collected by California Department of Fish and
Game under three Federally funded programs,
Fishery Biologist Jan Mason has described changes
in the commercial passenger fishing vessel (CPFV)
and skiff fisheries from 1959 to 1986. The database
developed includes 437,000 fish identified by spe-
cies from 22 of the 28 years.

During 1960, this area produced 30 percent of the
northern and central California total ocean sport
fishing from only 9 percent of the coastline. Fishing
effort from CPFVs more than doubled in this area
from 1960 to 1982, but since then, effort has fluctu-
ated and catch per day has declined. Fishing from
small skiffs has increased approximately fourfold
since 1960. Both the CPFV and skiff fisheries catch
various species of rockfish, Sebastes species, in the
Monterey Bay region. Rockfish comprised 90 per-
cent of the CPFV catch and 50 percent of the skiff
catch. Other shallow water sand bottom fishes, Pa-
cific sanddabs in Monterey and white croakers in
Santa Cruz, were also important in the skiff fisher-
ies.




Rockfish are a diverse group, occupying many
different habitats from tide pools to depths of
500 m. Many species are demersal while others are
parademersal and some are pelagic. Some species
are solitary and some are aggregating. Of the 57
rockfish species found along the California
coast, at least 20 species are represented in these
two fisheries in the Monterey Bay area. Aggregat-
ing species, such as blue rockfish, yellowtail rock-
fish, chilipepper rockfish and bocaccio rockfish, are
often targeted because of their higher concentra-
tions, but other solitary species are often caught at
the same time.

There has been a change over time in areas fished
by CPFVs. When the first survey began in 1959,
CPFVs operated close to port and fished primarily
in shallow water for aggregating blue rockfish. A
decline in abundance of blue rockfish near Santa
Cruz soon prompted skippers to travel farther in
search of fish. Some boats went to Afio Nuevo
Point, 35 km to the north, where they continued to
catch blue rockfish and other shallow species for the
next 10 years; other boats stayed closer to port but
went to deeper fishing sites (50 m) where they
caught yellowtail rockfish.

Changes in the areas fished during the 1960s by
Monterey CPFVs were less dramatic. The Monterey
Peninsula and the coastline to the south contain
large areas of rocky outcroppings suitable for blue
rockfish. CPFVs gradually traveled farther from
port and continued to catch blue rockfish, which
composed one-third to one-half of their catch. Skiffs
are more limited in range, generally fishing within
10 km of the port of Monterey, and they experienced
declines in blue rockfish abundance. Pacific
sanddabs increased to half the skiff catch and blue
rockfish dropped to one-tenth the catch.

There are no data between surveys from 1973 to
1976. But from 1977 to 1986, CPFVs fished in even
deeper water (100 m) in Santa Cruz and Monterey,
reflected in a higher proportion of deep water, red
rockfish caught, especially chilipepper rockfish.
The initial tactic used by CPFVs—traveling farther
from port when fish were scarce—appears to have
been replaced by deeper water fishing within 18 km
of port.

The declining abundance of blue rockfish in the
Santa Cruz area in the early 1960s caused concern
to anglers and fishery biologists. In the longer time
series now available, the decline is not continuous;
the abundance of blue rockfish fluctuates. Pulses of
increased blue rockfish abundance in the fisheries
occur three or four years after a strong recruitment
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event. In some periods, increased blue rockfish
abundance occurs at about the same time in both
Santa Cruz and Monterey (1970 and 1982), but in
other periods (1963) it is more localized. Variation
in blue rockfish recruitment in both time and space
has also been documented by the rockfish recruit-
ment project of NMFS Tiburon Laboratory.

Certain life history characteristics of rockfish
make them especially vulnerable to heavy fishing
pressure. These include residential behavior, high
variability of recruitment success, long lives, and
late sexual maturity. Heavily fished areas near port
are not restocked by adults from other areas because
of residential behavior, and these local populations
have declined. CPFVs have adapted by shifting to
new areas as catch declines; however, fuel costs
and travel time become prohibitive over long
distances.

Rockfish do not reach sexual maturity for several
years and may produce large numbers of recruits
only once in several reproductive seasons. In-
creased fishing pressure, especially from skiffs, re-
sults in the harvest of new recruits of blue rockfish
within three to five years, and half of them may be
harvested before they reach first sexual maturity. A
decreased population of spawners may have de-
layed recovery of the blue rockfish in Santa Cruz
during the 1960s.

The multispecies nature of the fishery, the diffi-
culty for anglers of identifying rockfish to species,
and the decreased survival of released fish from
depth due to expansion of the swim bladder makes
size limits for individual species impractical. Man-
agement so far has consisted of a bag limit on com-
bined rockfish species. One strategy being
investigated by California Department of Fish and
Game is the development of marine reserves closed
to both commercial and sport harvest. These re-
serves could protect local populations of spawning
adults and provide pelagic rockfish larvae to a
wider section of coastline. (J. Mason, 408-648-9028)

Recent Trends in the Spatial Structure of
Wind Forcing and SST in the California
Current System

In eastern boundary current (EBC) systems, the
physical environment is rarely uniform in time. In
addition to seasonal and higher frequency vari-
ations, El Nifio/Southern Oscillation (ENSO) and
other perturbations produce profound anomalies in
the atmosphere and ocean on climate (interannual
to century) time scales. EBCs can also be separated
into several discrete geographical regions, domi-



nated by different physical processes, and presum-
ably different biological structure. It is expected
that time-space physical variability will impact
EBC ecosystems and may lead to swings in
plankton and fish abundance, biomass, and dis-
tribution. Thus, rather than treat EBCs as spa-
tially homogeneous systems, or use seasonally
averaged data to describe their climatology, it is
crucial to describe their primary scales of spatial
and temporal variability and discern the dynamics
responsible for such variance to better understand
how EBC ecosystems might be impacted by climate
change.

Oceanographer Frank Schwing and Operations
Research Analyst Roy Mendelssohn are currently
attempting to describe the temporal and spatial
variability of the California Current System (CCS),
a major EBC system, to provide a foundation from
which to evaluate the effect of climate variability in
the environment on fisheries—in the recent past, at
present, and for the future. The primary database
being analyzed is the Comprehensive Ocean-At-
mosphere Data Set (COADS). Monthly averages of
poleward wind stress and sea surface temperatures
(SST) were derived for two-degree squares over the
region 22°-48° N, approximating the extent of the
California Current. The time period of analysis is
1946-90. A non-parametric and non-linear trend is
estimated for the monthly averaged time series,
and separated from seasonal and other higher fre-
quency variance, using a state-space model solved
by using a combination of the Kalman filter and
maximum likelihood method. Schwing and Men-
delssohn are currently preparing a series of manu-
scripts that describe this method and some of the
results. Figures 1 and 2 represent the CCS COADS
poleward wind stress and SST trends, respectively,
derived with this model.

The CCS wind field separates into three distinct
regions; 22°-32° N (southern), 32°-40° N (central),
and 40°-48° N (northern). Wind stress in the south-
ern region became increasingly equatorward (nega-
tive) over time in a relatively monotonic pattern.
The central region displayed the strongest equator-
ward stress in CCS. Stress also became increasingly
equatorward, but exhibited much more interannual
variation compared to the southern region. The cen-
ter of this region (38°-40° N) featured the greatest
negative tendency, shifting from the series of weak-
est to strongest stress. In contrast to areas south of
44° N, the northern region featured a mean pole-
ward stress that became increasingly poleward over
time. In a transition area between the central and
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Figure 1. Time series of poleward wind stress
trends for Comprehensive Ocean-Atmosphere Data
Set (COADS) boxes. Dashed-dotted lines represent
time series from southern region (22°-32° N). Solid
lines represent time series from central region (32°-
40°N). Bold dotted lines represent time series from
northern region (40°-48° N). Bold dashed line rep-
resents 38°-40° N time series.
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Figure 2. Time series of sea surface temperature
(SST) trends for Comprehensive Ocean-Atmos-
phere Data Set (COADS) boxes. Fine lines denote
time series south of 40° N. Bold lines denote time
series north of 40° N. Fine and bold broken lines
denote time series for 38°-40° N and 42°-44° N CO-
ADS boxes, respectively.



northern regions, 40°-44° N, equatorward stress de-
creased rapidly with distance north.

Two temporal phenomena are notable for their
absence in the stress trend series. ENSO events (for
example, 1957 and 1983) are not apparent in the
series. The well-documented "regime shift" in the
mid-1970s is not seen in the wind trends, either.
However, a substantial increase in equatorward
stress occurred about 1983 in the central region and
north to about 44° N. Increasing equatorward
(negative) stress over this period was noted in other
areas as well. The net effect is that the zonal gradi-
ent in poleward stress off the northwestern United
States has strengthened greatly over the last 45
years.

The SST trends are visually more correlated in
space on interannual (1-5 year) scales than wind
stress. As with the wind field, SST series separate
into distinct regions. SSTs, decreased consistently
with latitude south of about 40° N, but were nearly
uniform north of 40° N. While ENSO wind events
were ephemeral, warmer SSTs associated with EN-
SOs are more apparent. Interannual variations in
the series (e.g., the 1957 ENSO) are most evident off
central and southern California. In contrast to the
1957 event, the 1982 ENSO appears as a smaller local
maximum in SST relative to adjacent periods. The
obvious shift to warmer conditions in 1977, a shift
not reflected in wind, suggests that decadal-scale
SST variability in the CCS is controlled by basin-
scale pressure and wind fields, rather than local
wind forcing. The convergence of SST in the 38°-42°
N region coincides geographically with the strong
temporal change in stress at these latitudes. The
series-length tendencies of the series are positive
south of 34° N, but negative north of 36° N (save
42°-44° N). Since the mid-1980s, SST south of 32° N
increased slightly, while SSTs to the north decreased
in concert with increasing equatorward stress.

Poleward wind stress trend anomaly series, rela-
tive to the long-term mean at each latitude, reveals
distinct heterogeneous spatial patterns as well.
During no time period are the stress anomalies uni-
form over the entire region. SST trend anomalies,
however, support the idea that decadal-scale vari-
ability in CCS SST is coherent throughout the sys-
tem. Anomalously cool periods were seen prior to
1956 and for about 1968-1977. Warm events oc-
curred during 1956-1968 (following the 1957 ENSO)
and since 1977 (following the 1977 regime shift).
These warm and cool periods are not coherent with
any periods of anomalous wind stress.
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In addition to latitudinal differences in CCS SST,
acomparison of COADS coastal SSTs suggests there
also are significant longitudinal differences. Analy-
sis of COADS data separated into finer spatial (but
coarser temporal) resolution supports this idea.
These results clearly demonstrate the highly vari-
able nature of the CCS environment in time and
space, and argue against oversimplifying EBC cli-
mate change as a constant linear trend, or in terms
of a record from a single location.

The spatial and temporal variability in the CCS
wind stress and SST trends described here has key
implications for fisheries; for example, in determin-
ing which time series or areas are more critical in
terms of defining a stock’s dominant environment.
Regional differences also mean that highly migra-
tory or spatially extensive stocks face a hetero-
geneous changing climate. To fully understand the
implications of climate change on populations,
fishery scientists must (1) evaluate the relative
environmental differences in each area as they
pertain to the climate signal and climate variability
and (2) compare them to species distribution and
behavior as a function of life stage. (F. Schwing,
408-648-9034)

Environment and Condition Factor in
California Small Pelagic Fishes

Richard Parrish (fisheries biologist with the Pa-
cific Fisheries Environmental Group, PFEG) and
Donna Mallicoate (previously a statistician at
PFEG) recently completed a study on the effects of
environmental factors on the condition factors of
mackerel, jack mackerel, and northern anchovy in
Southern California.

A fish’s condition factor is a measure of environ-
mental conditions encountered by the fish and how
it is affected by interactions among food availabil-
ity, physical factors, and the physiology of the fish.
The physiology of a fish is influenced by its age, sex,
and reproductive state, as well as by abiotic factors
(that is, temperature). Thus, condition factor is
likely to vary in association with other population
rates (namely, growth, natural mortality, age at ma-
turity, and fecundity).

Condition factors in anchovy, which are lower on
the food chain, were much less related to abiotic
oceanographic factors than were mackerel and jack
mackerel, which are higher on the food chain.
However, the condition factors of all three species
were highly correlated with the same oceano-



graphic factors: sea level at San Diego and up-
welling off of Baja California. Monthly condition
factors in mackerel and jack mackerel had vari-
ation near decade scale, whereas anchovy were
relatively fat or thin for periods of 1 to 2 years.

There were a number of similarities in the
time series of condition factors in mackerel and
jack mackerel. They had nearly identical sea-
sonal cycles, similar decade scale trends, and
their condition factor time series are strongly
positively correlated (R = 0.68). Mackerel and
jack mackerel condition factors were correlated
with sea level (alongshore advection), Ekman
transport (offshore advection), surface tempera-
ture, and surface salinity. Multiple regression
analyses (including sea level, upwelling off of
Baja California, and salinity) explained 80 per-
cent of the variance in the annual condition fac-
tor of mackerel. The best model for jack
mackerel explained 58 percent of the variance
and included sea level, upwelling off of Baja
California, and temperature.
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Figure 3. Relationship between the annual condi-
tion factor of Pacific mackerel and sea level at San
Diego.
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The patterns of correlation between abiotic envi-
ronmental factors and the condition factors of mack-
erel and jack mackerel suggest that the major source
of variation is a very large-scale perturbation in the
circulation of California Current system. This is
seen in the negative correlations with sea level, and
to a lesser degree, sea surface temperature and posi-
tive correlations with the Southern Oscillation In-
dex. Upwelling off of Baja California was found to
be a secondary, more regional source of variation.

Upwelling in the Southern California region
and to the north of Point Conception did not
appear to be associated with variations in the
condition factors of mackerel, jack mackerel, or
anchovy.

Mackerel condition factors were inversely re-
lated (R =-0.64) to sealevel at San Diego (Fig. 3) and
positively correlated (R = .52) with upwelling off of
Baja California (Fig. 4). This implies that condition
factors are controlled by abiotic environmental fac-
tors which determine the availability of food, that
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Figure 4. Relationship between the annual condition
factor of Pacific mackerel and the upwelling index at
27° N off of Baja California.
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Figure 5. Relationship between the annual condi-
tion factor and biomass of Pacific mackerel.

is, increased equatorward flow of the California
Current (decreased sea level) and increased up-
welling off of Baja California.

The biomass of mackerel had an extreme vari-
ation during the period of the study and there was
a strong negative correlation (R = -0.70) between
mackerel condition factors and biomass (Fig. 5).
However, it should be noted that sea level at San
Diego and the population biomass of mackerel are
highly correlated (R = .78) and it is therefore dif-
ficult to determine if condition factor is varying in
response to the environment or population
biomass. It is likely that both condition factor and
population biomass are affected by environ-
mental conditions associated with variations in
sea level.

A further feature is that the 7-year minima in
the mackerel condition factor (1978-84) preceded
the peak in mackerel biomass. In fact, condition
factor was low during the whole period of maxi-
mum population growth (1978-82) and it returned
to high levels when the population was still at a
very high level. (R. Parrish, 408-648-9033)

PELAGIC FISHERIES

RESOURCES DIVISION

La Jolla, California

STOCK ASSESSMENT AND FISHERY
IMPACT ANALYSIS PROGRAM

1995 Billfish Newsletter Completed

The Billfish Newsletter is an annual publication
produced by the Southwest Fisheries Science Center
(SWFSC) as a service to the international angling
community. The results of the 1993 International
Billfish Angling Survey and the 1994 Cooperative
Marine Game Fish Tagging Program are described
in the 1995 issue. (D. Holts, 619-546-7186)

International Billfish Angling Survey

The Billfish Angler Survey provides the only es-
timates of billfish angling activities in the Pacific,
Indo-Pacific and Indian Oceans. Collection of rec-
reational billfish catch and effort data was started in
1969 by James Squire, Jr. (SWFSC, retired fishery
biologist). The Program provides an index of catch
and effort trends for several important recreational
game fishing communities throughout the Pacific
and Indian Oceans.

Billfish anglers responding to the Billfish Angler
Survey for 1993 reported catching 3,378 billfish
throughout the Pacific, Indo-Pacific and Indian
Oceans. This included 1,042 sailfish, 1,021 striped
marlin, 906 Pacific blue marlin, 238 spearfish, 166
black marlin, and 5 swordfish.

The majority of striped marlin were taken in
Southern California, along the southern coast of
Mexico’s Baja peninsula and in the waters sur-
rounding Hawaii. Blue marlin were most often re-
ported from Hawaii, Baja California, Guam, and
New Zealand. Black marlin were most often re-
ported from Australia, Panama, and Baja California.
Sailfish were reported caught in greatest numbers
along the entire west coast of Mexico and Central
America, and short-billed spearfish from Hawaii
and Panama.

Total effort in number of angler-days reported
for 1993 was 8,561 days—a decrease of 1.7 percent
from the number of angler-days reported in 1992.
The overall catch-per-unit of effort (CPUE) for 1993
was 0.40 billfish caught per angler-day (or 2.5 days
fishing per billfish). This is similar to the 1990 and



Table 1. Results of the 1993 Billfish Angler Survey.
Data in parentheses are values recorded in 1992.
Days fished in the Atlantic Ocean totaled 139.

1992 catch rates of 0.42 and 0.43 billfish/day, but
only about 75 percent of the 1991 catch rate of 0.57
billfish/day (Table 1). (D. Holts, 619-546-7186)

Angler | Billfish per ] Cooperative Marine Game Fish Tagging
fishing | fishing day Majox Program
days (CPUE) | SPecies . . .
PACIFIC OCEAN Thg Billfish Tagging Report cards received in
» 3259 033 T 1994 indicate a total of 750 billfish were tagged and
Hawaii (3:379) (0.28) marlin released (Table 2). This is 34 percent fewer than in
So. California, 1,456 0.10 Striped — -
Um’tedlStates (2,220) (0.12) maﬁin Table 2. Summary of billfish tagged in 1994.
Baja California, 1,278 0.60 Striped :
Mesice (1,240) (0.60) o s dree | Species | Total
. 24 0.29 Stripgd PACIFIC OCEAN
Guaymas, Mexico (37) (0.46) marlin So. California, Blue marlin 2
Mazatlan, Mexico ) 08 sailfish United States | Striped marlin 82
- Bl lin 184
Puerto Vallarta, 41 046  Striped e martr 0
Mexico (42) (0.55) marlin 5 Black marlin
awaii, Striped marlin 120
Manzanillo, Mexico (gg) (822% Sailfish United States Sailrf,izh . 1
i 72 1.54 ilfi Short-billed spearfish 55
Acapulco, Mexico @9) (0.90) Sailfish P
. Broadbill swordfish 46
Guatemala (%.(3)411) &:g% Sailfish Blue marlin 20
117 1.80 - Baja California, Black marlin 2
Costa Rica (234) (2:03) Sailfish Mexico Striped marlin 51
120 1.78 s Sailfish 23
Panama Sailfish
(38) (1.97) Bl lin 2
- - e Manzanillo/ l%e mar lin 1
Peru 117) ©041)  Sailfish Acapulco, Mexico | Striped mar
826 0.05 Blue Sailfish 9
Japan (38) (0.16)  marlin Black marlin 6
: 253 0.18 Blue Panama Striped marlin 1
Guam, United States (102) (0.29) mathin - o
Micronesia (% (8:%8) rr?;lrll‘ian Colombia Sailfish 11
13 023 — Hong Kong Black marlin 1
Fiji G1) 0.14)  Sailfish Blue marlin 35
Tahiti, French 34 0.38 Blue Gu?n:‘i Black marlin 1
Polynesia (83) (0.47) marlin United States Sailfish
. 156 0.53 Black bi : 2
Australia 213) (0.55) Al glils:r::rlﬁi spearfish =
135 0.27 Blue .
New Zealand (183)  (0.06)  marlin Fii Black marlin 2
INDO-PACIFIC Striped marlin 1
Papua New Guinea (38) (8%%) Sailfish f}?llﬁSh . 131
- ue mar
Malaysia (35) (0.09) rr?;}llfn Tahiti Striped marlin 1
. 3 0.33 Black Seilfish L
Thailand 2) ©050)  marlin Australia Black marlin 1
16 0.12 Blue INDIAN OCEAN
Hong Kong (Pratas) ;
gHhong (31) (0.16) marlin o Sadlfish 3
INDL:Z — 0.67 — Mauritius Blue marlin 1
Kenya (142) (107  Sailfish Seychelles Sailfish
spe 225 0.22 Blue ATLANTIC
Mauritius ;
) 0.5 i Grand Banks | Broadbill swordfish 5
Seychelles (4'3) (4..81) Sailfish TOTAL 750
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1993 (1,135) and the lowest number of releases re-
corded since 1985. Decreased tagging of blue mar-
lin and striped marlin were noted from Hawaii,
while increases in tagging were seen for blue marlin
and sailfish in Fiji and Guam. The cause of this
observed decrease is not known although
swings of 30 to 40 percent in numbers of tag
releases are not uncommon between years.

Thirteen billfish tags were returned in 1994. Four
were from blue marlin, seven from striped marlin,
one from a swordfish and one from a shortfin mako
shark. Of the four blue marlin, only two had been
reported tagged and released. Both of those were
tagged near Kailua-Kona, and moved west over
periods of 292 and 317 days (Fig. 1). Of the two blue
marlin not reported released, one was recovered
northwest of Kauai and the other in the South Pa-
cific near Tahiti.

=N l l | T T 1 |
Striped Marlin (SM)
4 OAHU 7]
20°N |- —
i Blue Marlin (BM) |
Striped Marlin (SM)

160°W 155°W
Figure 1. Movements of blue and striped marlin
tagged and recovered from the waters off Hawaii.

Seven striped marlin were recovered during the
year. Three of these were tagged and recovered in
the waters off Hawaii. These varied in time at large
from 18 to 327 days (Fig. 1). Three other striped
marlin released along the coast of Baja California
Sur were recovered nearby after 8, 29, and 75 days

(Fig. 2). The striped marlin at liberty for eight days
had been in our recovery database since November
1988. We received the Billfish Tagging Report with
the release information in March 1994 (a little late
but greatly appreciated nonetheless). One striped
marlin tagged at Santa Catalina Island, California,
moved 933 km (580 miles) south to Thetis Bank,
Mexico, in 149 days.
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Figure 2. Movements of tagged gamefish recovered
off Southern California and Baja California.

The longest movement reported this year was
from a swordfish tagged northwest of Hawaii
which moved east-northeast 1,859 miles (2,990 km)
to just south of San Clemente Island, California, in
610 days (1.67 years). The fish reported at liberty for
the longest period was a shortfin mako shark tagged
at the "Rigs" near San Pedro, California, in 1988 and
recovered southwest of San Diego, California, 1,859
days (5.1 years) later. This shark had gained nearly
100 pounds.

The data presented are the result of cooperation
by billfish anglers, sportfishing clubs, and affiliated
agencies with the Southwest Fisheries Science Cen-
ter. The efforts of anglers, fishermen, and col-
leagues are greatly appreciated. (D. Holts,
619-546-7186)




MULTISPECIES DATA COLLECTION
AND EVALUATION PROGRAM

Paper Presented at the South Pacific Tuna
Treaty Meeting

Gary Sakagawa, fishery biologist, Southwest
Fisheries Science Center (SWFSC), presented a
paper at the South Pacific Tuna Treaty Meeting
in Nadi, Fiji, in March. The paper, authored by
Atilio L. Coan, Jr. (mathematician, SWFSC),
Doug Prescott (computer specialist, SWFSC),
and Gordon Yamasaki (fishery biologist, South-
west Region [SWR], American Samoa), is titled
"The 1994 U.S. purse seine fishery for tropical
tunas in the western Pacific Ocean." Authors
reviewed performance of the fleet fishing under
the South Pacific Tuna Treaty in 1994, as inferred
from collected logbook, landings, and size and
species composition information. The paper
was published as a SWFSC Administrative Re-
port (LJ-95-10).

Forty-seven of the 48 licensed U.S. purse sein-
ers fishing under the South Pacific Tuna Treaty in
1994 caught a preliminary estimate of 190,500
metric tons (t) of yellowfin, skipjack, and bigeye
tuna. While catches in 1994 decreased approxi-
mately 1 percent from those in 1993, the 1994
yellowfin tuna catch (55,300 t) was the highest
recorded by the fleet since it started fishing in the
area in 1976. Since canneries pay the same price
for yellowfin and bigeye tunas, the 1994 catch of
yellowfin tuna also includes bigeye tuna. Species
composition sampling of the landings revealed
that 4 percent (2,200 t) of the 1994 yellowfin tuna
catch was actually bigeye tuna.

Average sizes of yellowfin tuna in the 1994
catch (78 cm) were generally larger than those in
1993 catches (70 cm). Average sizes of skipjack
tuna in 1994 catches (55 cm) were slightly smaller
than in 1993 (57 cm). Larger fish continue to be
caught in sets made on school fish (school sets)
than in sets on floating objects (log sets, Fig. 3).

The U.S. fleet was more dispersed in 1994 than
in 1993, and fished farther to the east (Fig. 4). In
1994, the majority of the purse seine sets (83
percent) in the central-western Pacific were on
free swimming schools of yellowfin, skipjack,
and bigeye tunas. The fleet made fewer trips
and spent fewer days per trip than in 1993, prob-
ably due to its closer proximity to its major land-
ing port in American Samoa. Catch rates in 1994
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Figure 3. Length-frequency distribution of skipjack
tuna in log sets, school sets, and all sets caught by
U.S. purse seiners in the central-western Pacific
Ocean in 1994.

(26 t of tuna/day fished) increased approxi-
mately 4 percent from those in 1993 (25 t/day
fished) and can be mainly attributed to increased
yellowfintuna catch rates.

The fleet landed approximately 66 percent of
its 1994 catches directly to canneries or trans-
shipment vessels in Pago Pago, American Sa-
moa. Other transshipment ports included
Tinian, Majuro, Kosrae, Rabaul, Tarawa, and
Pohnpei. Catches were transshipped mainly to
American Samoa (70 percent), Thailand (11 per-
cent), Puerto Rico (9 percent), and Italy (7 per-
cent).

Forty-seven of the 48 licensed vessels contin-
ued to fish in 1995. The SWFSC and SWR will
continue to collect landings, logbooks, and size
and species composition from these vessels. On-
going length-weight sampling will also be con-
tinued. The SWR will also continue port
sampling of sizes of fish landed by U.S. vessels
in Tinian and will expand the sampling to in-
clude foreign purse seiners unloading in Tinian.
(A. Coan, 619-546-7079)
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Figure 4. Geographical distribution of fishing effort (days fished) in 1993 and 1994 for U.S. purse seiners fishing for
tunas in the central-western Pacific Ocean.
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Seychelles Purse Seine Data Updated

Fishery Biologist Alan Jackson updated the third
quarter 1994 Seychelles Fishing Authority data on
the tuna purse seine fishery in the western Indian
Ocean. The data, based on logbook returns from
fishing vessels, are summarized in Lotus spread-
sheets and cover the period 1983 to the present.
Estimates of catch for the current quarter may be
revised when logbooks are eventually received for
fishing trips completed too late for inclusion in this
data set.

The number of vessels participating monthly in
the purse seine fishery in the western Indian Ocean
during the third quarter of 1994 averaged 35 (15
French, 12 Spanish, 4 Belizean, 3 Mauritian, and 1
Panamanian)—a considerable decrease from the av-
erage of 49 vessels recorded for the same period last
year. This decrease is partially due to the complete
disappearance of the Japanese fleet from this fish-
ery. The number of Japanese purse seiners declined
in 1993 from 11 in January to 1 in December. No
Japanese seiner has participated in this fishery since
January 1994. The monthly average number of ves-
sels participating during the first three quarters of
1994 was 37—down from 51 vessels the previous
year. The number of vessel days fished in the third
quarter of 1994 was 2,532—down 32 percent from
the previous year. The number of vessel days fished
for the first three quarters of 1994 was 7,814—down
30 percent.

Purse seine catches of skipjack tuna, yellowfin
tuna, and other tunas in the western Indian Ocean
in the third quarter of 1994 totaled 51,500 t—down
28 percent from the previous year. The species
breakdown is 66 percent skipjack tuna, 17 percent
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Figure 5. Cumulative catches (metric tons) of yel-
lowfin and skipjack tuna by purse seiners in the
western Indian Ocean, 1993-94.

yellowfin tuna, and 17 percent other tunas. For the
first three quarters of 1994, the catches totaled
176,200 t—down 14 percent—and were composed
of 49 percent skipjack tuna, 39 percent yellowfin
tuna and 12 percent other tunas (Fig. 5).

The catch rate for all tuna species for the third
quarter of 1994 was 20 t per day fished—up 5 per-
cent from the previous year. Catch rates for skipjack
and yellowfin tunas were 13 and 4 t per day fished,
respectively. For the first three quarters of 1994, the
catch rate for all tunas was 23 t per day fished—up
28 percent—with skipjack and yellowfin tuna catch
rates of 11 and 9 t per day fished, respectively (Fig.
6). (A. Jackson, 619-546-7048)
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Figure 6. Yellowfin and skipjack catch rates (metric

tons/day fished) for purse seiners fishing in the
western Indian Ocean, 1993-94.

" TIBURON LABORATORY

Tiburon, California

GROUNDFISH COMMUNITIES
INVESTIGATION

Underwater Visual Counts and Salmon Diet
Used to Evaluate Recruitment of Rockfishes

Evaluation of rockfish, Sebastes spp., recruitment
based on underwater visual counts and the occur-
rence of recruits in the diet of the king salmon,
Oncorhynchus tshawytscha, has been a major goal of
the Groundfish Communities Investigation since
1983. Current-year assessments have been pre-
sented annually in the SWFSC Report of Activities



Table 1. Numbers of recruits (Sebastes spp.) counted near shore during August and September, 1983-1994. Values
are mean number (standard error in parentheses) counted per minute. n = number of 1-min counts.

MENDOCINO
Spesiee 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
n=36 n=57 n=50 n=103 n=112 n=62 n=181 n=99 n=80 n=120 n=90 n=120
}(fcli%vktlail 000 658 11560 6.01 10266 5947 129 193 814 009 024 0.03
S flavidus | 000) (229) (2126) (150) (11.08) (1023) (0.35) (0.90) (304) (0.05) (0.14) (001)
?ggfﬁsh 027 149 7056 7.83 181.04 7589 608 076 064 026 621 059
S.mystinus | 009 (030) (1532) (1.83) (2619) (10.18) (0.94) (017) (0.16) (0.06) (1.40) (0.16)
SONOMA
Species 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
nodata n=57 n=50 n=60 n=56 n=62 n=186 n=100 n=79 n=40 n=100 n=80
}c;eclﬁg}t\ail 439 13517 673 8939 3992 154 012 3833 049 114 028
5. flavidis (148) (26.00) (2.29) (1842) (7.94) (042) (0.05) (6.40) (0.29) (0.78) (0.11)
Blue 489 11763 1527 32805 17506 719 066 1358 101 296 215
gf’%‘sst?ﬁus (129) (19.50) (3.81) (52.15) (16.76) (0.93) (0.12) (1.82) (0.25) (0.87) (0.43)

series and, since 1986, in the Tiburon Laboratory’s
annual Recruitment Report. Fishery Biologist Dan
Howard has conducted underwater counts at sites
100 km apart on the Sonoma and Mendocino coasts,
while Fishery Biologist Kelly Silberberg has exam-
ined salmon diets from specimens caught in the
Gulf of the Farallones. Despite considerable differ-
ence in locations and methods, the results have been
in agreement. This has continued through 1994,
when the year classes of most, though not all, rock-
fish species were found to be exceptionally weak.

The underwater counts have focused on the
two rockfishes most consistently numerous as
recruits in the nearshore habitats: the blue rock-
fish, Sebastes mystinus, and the yellowtail rock-
fish, S. flavidus. Both species recruited poorly during
1994 (Table 1). At the Mendocino sites, fewer blue
rockfish recruits occurred only during 1983 and
1992 (the two El Nifio years) and fewer yellowtail
rockfish recruits occurred only in 1983. Recruit-
ment was just slightly better for both species at
the Sonoma sites.

Although the underwater counts begin with the
earliest arriving recruits, usually in late May, the
evaluation of year-class strength has been based on
numbers present during late August and early Sep-
tember. This is done mainly to allow for the effects
of predation, which varies in intensity with size of
year-class and is most evident during June and July.
During most years, the late August-early September
counts miss the period of greatest abundance,
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which usually is in June or July. Butin 1994, recruits
were scarce until mid-July, and numbers during the
assessment period were at maximum levels.

In contrast to the scarcity of blue and yellowtail
rockfish recruits in 1994, for the third consecutive
year, there was relatively heavy recruitment of the
copper rockfish, S. caurinus. Before 1992, only 1983
was a strong recruitment year for copper rockfish.
That was at the height of the earlier strong El Nifio,
which suggests that copper rockfish recruitment off
northern California is enhanced by El Nifio condi-
tions. In this connection, it may be significant that
copper rockfish recruits have always arrived in
midsummer, 2 to 3 months after the others; how-
ever, they occur mostly in the surface canopy of
Nereocystis, where they cannot be seen during the
counts, and therefore are not included in the assess-
ments.

The occurrence of Sebastes recruits in the diet of
the king salmon has been monitored each year since
1980. Samples are taken throughout the period that
recruits are consumed by this predator, which usu-
ally is from mid-May to late June, but sometimes
begins in late April or ends in early July. During this
period of most years, king salmon feed mainly on
the shortbelly rockfish, S. jordani, which has had an
interannual pattern of occurrence in its diet similar
to those of blue and yellowtail rockfish in the near-
shore habitats. It is apparent, therefore, that funda-
mental similarities exist in the early life history of
these three species.




No Sebastes recruits were found among the gut
contents of salmon examined during 1994. Only
two other years produced this result—1983 and
1992. These are earlier El Nifio years, which sug-
gests that recruitment of shortbelly rockfish, like
recruitment of blue and yellowtail rockfish, suffers
under El Nifio conditions. (E. Hobson and P.
Adams, 415-435-3149)

GROUNDFISH ANALYSIS
INVESTIGATION

Synopticity Assumption Evaluated

Ichthyoplankton surveys are typically per-
formed by sampling a series of specific geographic
locations (that is, stations) over the course of a re-
search cruise. The resulting data are often summa-
rized by assuming that all the samples were
collected at one time and that any variation in catch
is attributable only to a spatial effect. This is called
the synopticity assumption. It is based on the idea
that "short-term" temporal variation affects ich-
thyoplankton catch rates much less than changes in
geographic location.

Investigators at the Tiburon Laboratory have
been interested in evaluating this assumption, par-
ticularly with respect to diel variation in catch rates
of larval Sebastes spp. Prior work by Ahlstrom,
Morse, and others has shown that nocturnal catches
are often higher than diurnal catches, although the
full extent of this contrast, especially its dependence
on other factors such as larval size, water clarity,
and mixed layer depth, has not been adequately
studied.

To assess pure short-term temporal variability
in the catch rates of larval fish, an 11-day cruise
by the research vessel David Starr Jordan was re-
cently completed (cruise DSJ-9502). During the
cruise, CalCOFI station 63.55 (latitude 37°13.55’
N; longitude 122°49.28" W) was occupied for 11
consecutive days. This station, which has pro-
duced high catch rates of larval Sebastes spp. dur-
ing previous Tiburon and CalCOFI cruises, lies
over the continental slope (water depth = 250 m)
in an area immediately south of Pioneer Canyon.
This site is known to harbor large concentrations
of shortbelly rockfish, Sebastes jordani, which
spawn between January and March.

The station was sampled once every two hours,
when a CalCOFI plankton tow was conducted
using bongo gear (505-um mesh) with an attached
time-depth recorder. Following completion of
the tow, a conductivity-temperature-depth (CTD)
cast was conducted. The Seacat SBE-19 CTD was
configured with a photosynthetic-available-ra-
diation (PAR) sensor to measure in situ light lev-
els. In addition, the vessel’s acoustic Doppler
current profiler (ADCP) was used to monitor tem-
poral variability in currents at the station.

During the cruise, weather conditions were
ideal and an uninterrupted series of 123 plankton
tows and CTD casts was collected. The plankton
samples will be sent to the Morski Instytut Ry-
backi in Szczecin, Poland. At the sorting center,
the ichthyoplankton will be sorted, identified,
enumerated, and measured. From these data, it
will be possible to estimate short-term temporal
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Figure 1. Density structure of the water column at CalCOFI station 63.55 over a 10-day period (February 3-14,
1995). The isopycnal pattern, that is, lines of constant density (o), shows clearly the occurrence of internal waves.
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effects on catch rates of different size categories
and taxa of larval fish. Because no gaps occurred
in the regular 2-hour sampling schedule, the data
are perfectly suited for time series analysis—a
mathematical procedure that quantifies temporal
variation into elements in the frequency domain.
A diel cycle in larval selectivity, for example, will
be evident as a spectral density peak at frequency
0.04167 cycle/hour, equivalent to one cycle every
24 hours.

The CTD data have been processed and pre-
liminary analyses have been completed. Results
show that during the experiment, sea surface
water temperatures were at least 1.5 °C warmer
than normal. There was striking evidence of in-
ternal wave activity at the site (Fig. 1). The pycno-
cline underwent rapid vertical excursions of 40 m
or more, which had the effect of expanding and
shrinking the mixed layer. The periodicity of
these waves appears to have been related to the
12-hour semidiurnal tidal cycle, particularly dur-
ing the last four days of the cruise.

Data collected by the CTD PAR sensor show
diel variation in available light throughout the
water column (Fig. 2). There were subtle differ-
ences from one day to the next that seemed to be
related primarily to cloud cover. After further
processing, these data, like changes in mixed
layer depth, may be used as covariates in a model
explaining selectivity patterns of larval fish. (S.
Ralston, 415-435-3149)
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Figure 2. In situ measurements of light level from a
photosynthetic-available-radiation sensor de-
ployed during conductivity-temperature-depth
casts.

GROUNDFISH PHYSIOLOGICAL
ECOLOGY INVESTIGATION

Study of the Physiological Ecology of
Juvenile Chinook Salmon in the San
Francisco Estuary Initiated

Chinook salmon runs in the Sacramento-San
Joaquin River drainage and the San Francisco Estu-
ary are experiencing continued pressure on their
vitality. The winter run is listed as endangered and
the spring run is declining. Only the fall run is
relatively stable. All runs face challenges charac-
teristic of intensely agricultural and urbanized estu-
aries. The welfare of the species has amplified
consequences for the economic future of California,
including the development and agriculture in the
Central Valley and southern California, municipal
and industrial development of the Bay-Delta re-
gion, and the coastal communities that rely on
salmon as a source of commercial and recreational
income.

To manage salmon stocks effectively as a compo-
nent of freshwater resources, greater knowledge is
required of the environmental requirements neces-
sary for fish to survive and prosper. We do not
know whether the aquatic environment within the
river-delta-bay complex is detrimental to the propa-
gation of salmon stocks or if there is interannual
variability in the health of outmigrating juveniles.
Specifically, we do not know the residence time
within, or rate of juvenile migration through, the
sequential segments of the river-estuary and the
importance of various habitats (for instance, chan-
nels, flats, marshes) to their growth, physiological
status (or health), and survival.

To address these issues, the Physiological Ecol-
ogy Investigation has initiated a study of outmigrat-
ing juvenile fall-run chinook salmon. Our purpose
is to better understand their development within
the San Francisco Bay-Delta and to gain greater
insight into which habitats are particularly impor-
tant to growth, health, and survival. Knowledge of
these factors for fall-run juveniles may help us un-
derstand the challenges to growth and survival for
the endangered winter run and other runs of chi-
nook salmon as well.

The study is intended to last three to five years
and focus on the following goals:

* Determine residence times and migration

rates of fall-run juvenile salmon through seg-
ments of the river-estuary system (that is,
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Sacramento and San Joaquin Rivers, Delta,
San Pablo Bay, San Francisco Bay);

Determine growth, feeding, energy status,
pathology, and contaminant accumulation
in each segment of the migration path;

e Improve understanding of the relative sig-
nificance of each segment and consequences
of its degradation to salmon stocks; and

Determine interannual variation in physi-
ological status and relate to variation in an-
nual environmental conditions.

During the period of outmigration (April to
June), specimens of fall-run juvenile salmon will be
obtained from specified habitats within each seg-
ment of the river-estuary system. Sampling of each
segment will be repeated several times during this
period. Habitat types may include marshes, inter-
tidal and subtidal flats, channels, and grass beds.

To estimate the residence time within segments
of the river-estuary, specimens at each collection
site will be aged by assessing daily otolith incre-
ments. If sufficient fish are available, a portion of
the catch will be tagged and released for subsequent
recapture to improve estimates of residence time.
Additionally, data from tags on captured hatchery-
released juvenile salmon will be used to supplement
migration data.

Laboratory analyses of physiological status and
feeding, including assessment of length, weight,
condition indices, lipid and protein content, stom-
ach contents, contaminant analysis of tissues and
stomach contents, and pathology, will be conducted
on juvenile salmon from each segment of their mi-
gration path. These analyses are designed to distin-
guish the relative importance of each segment to the
feeding, development, and contaminant accumula-
tion of the salmon population.

In concert with fish collections, water quality
data (depth profiles of temperature, conductivity,
dissolved oxygen, pH, turbidity, total dissolved sol-
ids) will be recorded from established stations
within each river-estuary segment to characterize
the physical environment at the times of capture.
These data will be integrated with other water qual-
ity and quantity data and plankton abundance and
juvenile salmon abundance estimates obtained
from other state and Federal agencies (for example,
U.S. Fish and Wildlife Service, U.S. Geological Sur-
vey, U.S. Bureau of Reclamation, California De-
partment of Fish and Game, Department of Water
Resources) to determine interrelationships of physi-
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ological status, abundance, and environmental fac-
tors. Assuming that there are significant annual
variations in salmon and environmental variables,
the study will document the relationship of physi-
ological status to environmental conditions.

This project will provide information on the rela-
tive importance of specific habitats and the conse-
quences of their degradation to the health and
viability of chinook salmon in the Sacramento-San
Joaquin Rivers and San Francisco Estuary system.
Knowledge of the extent to which each habitat and
migration-path segment contributes to growth,
physiological condition, contaminant burden, feed-
ing, and residence time will assist resource manag-
ers responsible for equitable water allocations,
endangered species protection, land use planning,
and fisheries to improve their decision making re-
lated to salmon and other beneficial uses of natural
resources. (B. MacFarlane, 415-435-3149)

INFORMATION

TECHNOLOGY SERVICES

IT-95 Database Redesign Project Guided by
Oracle Consultants

In the December 1993 Southwest Fisheries Re-
gional Area’s Information Technology 1995 (IT-95)
Transition Plan, the process was outlined for the
transfer of the Center’s computer operations from
the VAX and IBM host systems to the new NMFS
Control Data distributed hardware and software
platforms. In accordance to this plan, the SWESC
computer specialists in La Jolla, California, and
Honolulu, Hawaii, began the database redesign
tasks.

During the ensuing months, the SWESC data
managers and computer specialists gained experi-
ence on the relational database concept through
formal and customized ORACLE classes provided
by the ORACLE Education Center, the ORACLE
computer-based, self-training sessions, and the
hands-on development process to redesign two of
the existing databases. The learning experience re-
vealed the critical need for guidance from an expe-
rienced ORACLE design specialist in the system
redesign and implementation processes. The data
managers determined that a feasible solution was to
contract highly qualified and experienced ORACLE
design and CASE specialists to provide us the con-
sulting support in the redesign projects.



Under the revised plan, the ORACLE Corpora-
tion Federal Division, a GSA authorized vendor,
would be contracted to provide experienced OR-
ACLE consultants to advise and teach the technical
database development teams at the SWFSC sites.
Using the ORACLE CASE tool and methodology,
the consultants would work with the technical
teams and guide them in creating the database
physical design. For the databases under current
redesign development, the consultants would re-
view the design with the teams and determine if the
design structure meets their needs. If restructuring
is necessary, the teams would receive guidance in
modifying the design. Using the ORACLE method-
ology, the consultants would also work with the
teams and guide them in effective database admini-
stration, maintenance and processing techniques.
The support services include providing input to the
needs of the Center’s system architecture and train-
ing the development teams on database administra-
tion, optimizing the redesigned systems, data
validation rules, use of ORACLE utilities, standard
application program interfaces, and efficient data
extraction and data loading techniques. A by-prod-
uct of this consulting contract is transferring knowl-
edge to the Center’s staff of computer specialists for
designing new systems and optimizing, maintain-
ing, and supporting developed systems. (D. D. Roll,
619-546-7057)
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