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2A. Project Title
Reproductive ecology of Atka mackerel, Pleurogrammus monopterygius, in Alaska
Short title: Reproductive ecology of Atka mackerel

2B. Proposal Summary
Atka mackerel support a multi-million dollar commercial fishery and play a key role in the marine

ecosystem of the Aleutian Islands. This proposed study represents an ongoing research effort examining
aspects of Atka mackerel reproductive ecology that directly relate to spawning biomass, recruitment, stock
dynamics, and distribution patterns. In 2004, spatio-temporal patterns in distribution were examined with
respect to spawning condition and habitat use for nesting sites. In addition, Atka mackerel embryos were
incubated at different temperatures at the Alaska SeaLife Center to allow the construction of
developmental series. This information is essential since egg development at low temperatures in deeper
waters could extend the spawning season dramatically and influence seasonal distribution patterns.
Variability in female maturity schedule was also examined and it is proposed to estimate variability of
realized fecundity which directly affects reproductive output and estimation of female spawning biomass.
Male spawning biomass might influence reproductive success as much as female spawning biomass due to
nest-guarding. Egg cannibalism as a mating strategy could maximize individual reproductive success and
minimize energetic costs associated with nest tending in males. Specific objectives of this study are to: 1)
analyze additional years of spatio-temporal distributions of populations by reproductive stage; 2) expand
the embryonic developmental series over finer sampling scales and broader temperature ranges; 3)
determine parentage of egg batches; 4) evaluate egg cannibalism using genetic techniques; 5) investigate
spatio-temporal variation in reproductive output (maturity schedule, realized fecundity); and 6) determine
fecundity and egg caloric content of successive batches spawned in captivity.

2C. Project Responsiveness to NPRB Research Priorities

Component 2: This research project will address the following NPRB General Research Priorities: 1) Fish
Habitat; e) evaluation of fish/habitat associations at multiple spatial scales with emphasis on
managed fish species throughout their bathymetric range: This project proposes to evaluate the spatio-
temporal distribution of Atka mackerel populations with respect to spawning versus feeding habitats, fish
length, sex, and spawning condition. Egg incubation studies will be conducted which subsequently will
allow the determination of hatching schedules and the temperature ranges of nesting habitat required for
successful hatching.  2) Life history information gaps for targeted and non-targeted groundfish and
invertebrates. Male contribution to reproductive success is poorly understood. The behavioral aspects of
Atka mackerel spawning ecology coupled with the genetic consequences of these behaviors, will allow the
examination of spawning strategies. Egg developmental series will define the physical conditions
necessary for successful spawning. Variability in the maturity schedule and realized fecundity of wild
populations will be examined and compared with realized fecundity of fish in captivity. Variation of egg
energetic content between batches will establish baseline energetic measurements and a methodology for
examining variation of female energy contribution to eggs in the wild. Spatio-temporal variations in local
distribution patterns will be examined during spawning and non-spawning seasons.

2D. Project Design and Conceptual Approach

Atka mackerel (Pleurogrammus monopterygius) is distributed from Asia to North America with
highest abundances located in the central and western Aleutian archipelago. It plays a key role in the
Aleutian ecosystem and its high abundance supports a multimillion-dollar commercial trawl fishery.
Studies on Atka mackerel reproductive ecology are greatly needed for improving stock assessment and
developing more prudent harvest strategies.

Atka mackerel show a spatial transition during spawning season when their distribution changes
from semipelagic to demersal and they segregate by size and sex. Spawning usually begins in late June.
Females are polygamous batch spawners that lay adhesive eggs in rock crevices and among stones. Males
guard incubating embryos until hatching to protect eggs from conspecific cannibalism and other predation.

This study continues and broadens aspects of project F0417, previously funded by NPRB, and
introduces new elements to examine the reproductive ecology that directly relate to female spawning
biomass, recruitment, and distribution patterns of Atka mackerel. Examining mating behavior is important
for understanding the demographic population structure of a species in which genders segregate during the
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spawning season. Mating strategies, paternal care, and egg cannibalism in Atka mackerel may be life
history traits that influence patterns of distribution and habitat use and recruitment success in this species.
Temporal and spatial distribution patterns

Underwater drop camera casts revealed many new spawning locations along the Aleutian Chain
(Lowe et al., 2003). Camera drops on rocky reefs and between island passes documented aggregations of
males in spawning color and detected nesting behavior at bottom depth extending below 100 m, deeper
than previously documented. Males arrived at the spawning grounds as early as mid-June and were still
present in late October, which might extend nest-guarding well into the winter months. Spawning females
were documented from July through October (McDermott and Lowe, 1997).

Two Atka mackerel males and four females were monitored in captivity at the Alaska SeaLife
Center (ASLC) for indications of spawning activity. In the 2004 spawning season, a total of 20 egg
batches were produced. Three egg batches were incubated for each temperature setting of 4°C, 5°C, 7°C,
and 10°C. Three additional egg batches were incubated at ambient water temperature (mean: 7 °C; range
5-10 °C). These incubation regimes reflect the temperature ranges typically encountered by Atka mackerel
at their nesting sites and preliminary results indicate that temperature is an important factor in the
developmental rate. These results will be essential for estimating spawning and hatching dates at different
nesting sites in the Aleutian Islands, which may be critical factors in larval distribution and survival.
Stock assessment and female spawning biomass

The Atka mackerel stock assessment assumes constant reproductive output per unit of female
spawning biomass. Yearly variation in realized fecundity would influence estimation of reproductive
output. Age at 50% maturity was estimated to be 3.6 years throughout the Aleutian Island area. However,
size at 50% maturity exhibited a decreasing size-at-age cline from east to west which was assumed to be a
reflection of differential growth rates (McDermott and Lowe, 1997). Fecundity as a measure of
reproductive output was examined and atresia was found to be substantial. It appeared that Atka mackerel
reabsorbed 25% of their eggs at the end of the spawning season (McDermott, 2003).

As a result of the currently funded NPRB study, the Alaska Fisheries Science Center (AFSC) is
examining annual variation in maturity schedule. Additionally, the proposed study will examine the
spatio-temporal variation of realized fecundity over the years 2002-2004. Independent estimates of
realized fecundity will also be obtained by determining batch fecundity of captive fish at the ASLC.
Finally, egg caloric content will be examined with respect to batch order and conspecific variation.

Distribution patterns and stock structure
Null hypothesis 1: Atka mackerel are uniformly distributed by reproductive stage, fish length, and sex
throughout their habitat.

In a study previously funded by NPRB, Atka mackerel localized distribution is currently being
examined with regard to reproductive stage, fish length and sex. Atka mackerel sex ratio and randomly
selected gonad samples were collected from 1999-2003 and are in the process of being analyzed. In 2004,
additional samples were collected. Males in spawning color and egg masses caught in the trawls were
identified to provide information on spawning habitats. Preliminary results suggest that spawning occurs
deeper than previously thought. The observation of males in spawning color and egg masses lead to the
suggestion that spawning habitat may overlap with fishing grounds.

Variations in sex ratio, size composition, and reproductive state provide information on habitat use
throughout the reproductive cycle. This knowledge can improve stock assessments by quantifying their
availability to trawl surveys during spawning season and could be useful for developing alternative
methods for estimating Atka mackerel abundance, such as a demersal egg survey as proposed by
McDermott. For this proposal, data collected in 2004 will add one more year of data to the study
previously funded by NPRB.

Null hypothesis 2: Development of Atka mackerel eggs is independent of temperature

The temporal aspects of spawning may be a major factor impacting stock dynamics, recruitment,
and distribution of Atka mackerel. Timing, geographic location, and prevailing hydrographic conditions
can all affect the dispersal of larvae and may play a significant role in determining subsequent population
distribution and structure (e.g., Miller 2002). Characterizing the locations and seasonal releases of Atka
mackerel larvae can provide insight into the physical and biological factors influencing interannual
variability in Atka mackerel recruitment,



Determining the effect of water temperature on embryonic developmental rates will allow us to
estimate the duration of nest-guarding of Atka mackerel. The developmental series can be used for
investigating the age composition of egg clutches within and between nesting sites and the estimation of
spawn and hatch dates if the ambient water temperature is known. That information can then be used for
determining start and end of spawning and nesting seasons, hatching periods and the frequency of
spawning within each nesting site.

As part of previously funded project F0417, two Atka mackerel males and four females were
monitored in captivity at the ASLC for indications of spawning activity. They produced a total of 20 egg
clutches in 2004. This large number allowed us to conduct incubation experiments at more than the
originally proposed two temperature regimes (4°C and 10°C), namely at additional incubation temperatures
of 5°C and 7°C, and at ambient seawater temperature. Consequently, funding is requested to analyze and
describe this substantially larger number of embryonic samples. In addition, preliminary results indicate
that Atka mackerel embryos might develop more rapidly than anticipated and therefore might not have
been adequately sampled at intervals of 12 hours, particularly during early embryonic development. Thus,
we propose additional incubation experiments for 2005 with sampling intervals of 3-6 hours during early
embryonic development. Finally, additional incubation experiments will be conducted at new temperature
regimes to clearly define the temperature range for Atka mackerel embryos and to determine the minimum
and maximum water temperatures for successful development of embryos. This information will be of
particular importance, since a cold water layer from the Bering Sea might limit nesting habitat to the north
of the Aleutian Islands.

Information on embryonic development of Atka mackerel to date is very limited. Gorbunova
(1962). A partial egg developmental series indicated that total incubation time was 40-45 days
(Gorbunova 1962). However, that series is not suitable for determining the age of eggs because it is
incomplete, lacks detail, and was done using variable water temperatures. Furthermore, it conflicts with
preliminary results obtained from incubations of eggs collected in 2002 and 2004. Our results indicated
that time until hatching was 75-80 days, almost twice the duration reported by Gorbunova (1962). Our
results indicate that embryonic development is most rapid at 10°C, with first hatching occurring after 40
days, but much more protracted (i.e., more than 90 days until first hatch at 4°C) at temperatures more
typical for the Bering Sea

An underwater time-lapse camera was used to determine that male Atka mackerel appeared at the
nearshore Seguam Island nesting site in mid-June. The same males were still present when the time-lapse
camera was removed on August 31. Samples of eggs from various clutches and nests were taken and
many were in the early stages of development. Studies of ovarian condition of Atka mackerel from Alaska
indicate that females continue spawning through October (McDermott and Lowe 1997). If clutches are
being deposited in October, and males guard nests until hatching, it is conceivable that some males are
staying on nests through December. Thus, the 4-month spawning period and 6-month nesting period are
more protracted than what was observed in the western Pacific Ocean (Gorbunova 1962; Zolotov 1993).

Null hypothesis 3: Parental assessment: mating is random and involves one fish of each gender in Atka
mackerel.

As in other hexagrammid species, males provide parental care of the embryos until hatching.
Consequently, Atka mackerel males contribute a substantially larger amount of paternal energy to
reproductive success than males in many other commercially exploited species. A quantitative assessment
of the male role in the Atka mackerel mating system will provide a better understanding of the
consequences of this life-history strategy for recruitment dynamics. Details of this system are unknown
but probably include some of the polygamous strategies found in other greenlings. Crow et al. (1997)
found that ~40% of kelp greenling (Hexagrammos decagrammus) nests contained clutches from multiple
females and DeMartini (1987) reported similar proportions for painted greenling. Females mate and
distribute multiple clutches of eggs with nesting males, thereby maximizing their reproductive potential by
partitioning clutches to dilute the risk of egg predation and by selecting guardian male (e.g., color, size) or
nest characteristics that reduce mortality. Less well understood are the alternative reproductive tactics
(ARTs) employed by male hexagrammids. These may include adoption of a sneaker strategy, where a
guardian male may be cuckolded either by adjacent nest-tending males or males who do not defend a
territory but employ opportunistic sneaking. The reproductive consequences of sneaking behavior have
only recently been quantified in lingcod (Ophiodon elongates) using molecular genetic techniques (Withler
et al. 2004). An examination of 13 egg clutches found that each had been produced by a single female and
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five had been sired entirely by the guardian male. Eight clutches had been sired by multiple males, often
involving neighboring guardian males, but non-territorial males also appear to have participated in
spawning. One guardian male was found to be unrelated to any eggs in his clutch, suggesting that nest
adoption or takeover may represent an ART in lingcod.

The use of molecular markers, particularly nuclear microsatellite DNA, has proven to be a
powerful approach for resolving the complex reproductive biology of some fishes. In addition to
documenting consequences of mating strategies that may be very difficult to observe directly (e.g.,
cuckoldry, nest takeover, etc.), they provide some estimates of the frequencies of these behaviors
(DeWoody and Avise 2001). We propose to examine the mating system of Atka mackerel using
microsatellite markers and the captive population at the ASLC. We will use microsatellite loci isolated
from Atka mackerel (Spies et al. in press) at the AFSC and from lingcod to genotype egg clutches and
assess parentage of the embryos. This proposed study, using captive fish and genetic markers that are
already developed, represents a cost-effective approach towards characterizing and quantifying aspects of
the reproductive biology of Atka mackerel. A genetic assessment of the mating system of Atka mackerel
will provide quantitative data for comparison with other hexagrammids and allow some insight into the
reproductive strategies that maximize reproductive effort and maintain genetic diversity in this species.

Recruitment
Null hypothesis 4: Egg cannibalism is random in Atka mackerel.

Egg cannibalism has been documented by both sexes in Atka mackerel (Yang 1999, Zolotov 1993)
and cannibalism appears to be more common in larger fish (K. Rand pers. comm.). The evolutionary
significance of this behavior is more easily interpreted if it is known whether cannibalism occurs randomly
or involves parents and their progeny. There is evidence that Atka mackerel males may be at nesting sites
for up to six months (Lowe et al. 2003), which represents a substantial energetic investment by males in
guarding eggs against conspecifics and other predators. DeMartini (1987) reported that male painted
greenling partially consumed their own clutches, especially later in the spawning season when male
somatic condition declined, as did the quality of the care for the clutches. Egg cannibalism by males may
therefore provide partial compensation for this loss, especially late in the nesting season when there are
fewer opportunities for additional matings and lower probabilities for survivorship of late-spawned
clutches.

We expect that females will exhibit egg heterocannibalism (i.e., be completely unrelated to the
eggs they consume). Nesting males may raid adjacent nests of unrelated males early in the season when
they have more mating opportunities and fewer clutches to guard, but are likely to engage in filial
cannibalism later in the nesting season. To test these predictions, we will genotype cannibalistic fish of
both sexes and in different reproductive conditions to assess their relatedness to eggs retrieved from their
stomachs using microsatellite loci. Examining the role of cannibalism in the context of the mating system
of Atka mackerel will fill a significant information gap in the life history and provide further insights into
the evolutionary significance of this behavior in hexagrammid and other fishes.

Null hypothesis 5: There is no annual or spatial variation in the realized fecundity or maturity schedule.

A study of maturity variability is currently being funded by NPRB project F0417. To date, female
length at maturity from Seguam pass in 2002 has been estimated, and is not different from 1992-1994.
Samples from Tanaga Pass (2002) and Amchitka Island (2003) are currently being analyzed. Annual
variation in maturity schedule would impact reproductive output and female spawning biomass. Studies of
walleye pollock (Theragra chalcogramma) suggest maturity at age and length may be highly variable,
especially for younger fish (Dorn et al. 2002). Annual variation in Atka mackerel maturity schedules is
unknown. We propose to analyze length and age at maturity for an additional 325 samples from Tanaga,
Amchitka, and Seguam collected in October 2004. Annual and spatial variation in realized fecundity
would also impact reproductive output. Realized fecundity is the number of eggs actually spawned per
fish in a given year, and is the difference between potential fecundity (i.e., the number of mature eggs
present in the ovary shortly before spawning the first batch) and atretic losses. McDermott (2003) found a
large percentage of mature eggs (mean = 27%) were not spawned, but instead reabsorbed by atresia at the
end of the spawning season. This was the first time atresia was quantified and incorporated into fecundity
estimates of a commercial North Pacific groundfish species. However, this study was limited to a single
year and a limited area. Interannual and spatial variation in realized fecundity need to be examined to
better understand variability in reproductive output. For this proposal, samples from pre-spawning and
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post-spawning specimens have been collected to estimate realized fecundity in Seguam 2002 and
Amchitka 2003 to compare with samples collected from 1993-1994.

Annual variations in realized fecundity and maturity may be caused by environmental conditions,
or maternal body condition. If realized fecundity and maturity do vary by year, documenting the
variability would be a first step in linking maternal or environmental conditions to the total number of eggs
spawned in relation to the spawning biomass.

Null Hypothesis 6: Batch fecundity does not vary among batches spawned by the same female
Null Hypothesis 7: An independent estimate of realized fecundity from spawned batches is the same as
realized fecundity estimates from gonad samples

For several species of marine batch-spawners the number of eggs per batch (batch fecundity) may
vary over the duration of the spawning season. It is unknown if Atka mackerel batch fecundity changes
over the spawning season. McDermott (2003) assumed fecundity to be determinate in Atka mackerel,
which means that all eggs to be spawned can be identified prior to the start of spawning. If reserve cocytes
continue to develop after spawning has begun, then annual fecundity is underestimated. McDermott
(2003) also assumed batch size could be estimated prior to spawning and all batches were of equal size.
Female Atka mackerel at the ASLC have spawned during the past two years, and are available to provide
egg clutches for this study. Estimating the number of embryos per clutch (batch), and counting the number
of batches spawned per female will provide independent estimates of batch and realized fecundity to
compare with data from McDermott (2003) and the current proposed estimates of fecundity from wild
populations. 3
Null Hypothesis 8: Egg energetic, diameter, and weight does not vary as a function of batch order,
maternal characteristics of individual females, or geographic location

[n addition to maturity and fecundity, egg quality may be an important factor in reproductive
output. Within a species, increased egg size and weight are hypothesized as indicators of increased oocyte
quality because of the relationship between egg size and the amount of yolk available to the developing
embryo (Blaxter and Hempel 1963, Bagenal 1978, Kamler 1992, Trippel et al. 1997). The energetic
content of eggs has been directly measured in other species using bomb calorimetry (Hopkins et al. 1994,
Finn et al. 1995, Ouellet et al. 2001, Eldridge et al. 2002). In the proposed study we will use the same
method to measure energetic of Atka mackerel embryos.

In the batch-spawning Atlantic cod (Gadus morhua) egg size was reduced in batches spawned
later in the season (Trippel et al. 1997). Several studies indicate that these size disparities might be
maintained well through the larval period and might result in differences in larval survival. In addition,
egg size and weight increase with maternal size or age in a variety of fish species (Trippel 1998). Thus,
older fish may disproportionately contribute to recruitment (Trippel et al. 1997). In addition, egg or yolk-
sac larvae weight can vary by location in other fish species (Buckley et al. 1991). Thus, biological factors
affecting egg and larval size are genetic variability, batch sequence, and maternal characteristics including
maternal size, age, or nutrition (Buckley et al. 1991). Atka mackerel growth rate and female length at
maturity decrease from East to West, suggesting indicating possible population differences by location
(McDermott and Lowe 1997). A method to assess energetic content of cocytes obtained from females in
the wild needs to be developed to obtain maternal characteristics data or batch order. Any differences in
egg energetic contents by maternal characteristics or location could provide insight into the relative
importance of maternal age classes, maternal condition, or location to successful reproduction.

Specific Objectives

Specific objectives propose for this study are: 1) analyze the spatio-temporal distribution of Atka mackerel
populations by reproductive stage, size, and sex over additional years; 2) expand the Atka mackerel
embryonic developmental series to finer temporal sampling scales and a broader temperature range; 3)
determine parentage of egg batches; 4) evaluate egg cannibalism using genetic techniques; 5) investigate
spatio-temporal variation in reproductive output (maturity schedule, realized fecundity; 6) determine
fecundity and egg caloric content of successive batches spawned in captivity.




Methods
Spatial distribution by sex and reproductive stage

Atka mackerel reproductive stage will be determined using histology for samples collected during
tag release and recovery cruises at three locations: Seguam Pass, Tanaga Pass, and the Amchitka Island
area. During an ongoing study funded by NPRB in 2004, samples collected from 1999 through 2003 are
currently being analyzed. Gonads from 655 additional fish were collected in 2004. Reproductive stage,
sex ratio, and size composition per tow will be plotted using GIS to describe spatial and temporal patterns.
Percent occurrence of males in spawning coloration and presence of egg masses in the tows will be
included for 2004 samples. Sex ratio, size composition and tow location are available from the AFSC FIT
tagging and recapture cruises.

Reproductive stage will be assigned to females according to McDermott and Lowe (1997). Males
will be staged using a system developed by Vanessa Lowe (AFSC, unpublished data), based on
spermatogenesis stages for Atlantic cod (Gadus morhua) (Morrison 1990) and four different species of
rockfish (Sebastes sp.) (Shaw 1999).

Embryonic developmental series

A University of Alaska Fairbanks (UAF) graduate student will conduct the embryo developmental
research at the ASLC. Egg samples will be obtained from captive Atka mackerel. An ASLC research
technician will be available to assist in the maintenance of the incubation experiments and in acquiring
embryonic samples. Time of spawning will be obtained using time-lapse video cameras in tanks where
males are exhibiting nesting behavior. Fertilized eggs will be removed from the exhibit tank, egg batch
volumes will be determined, and a subsample of eggs will be collected for subsequent estimates of batch
fecundity and egg caloric content (see below). Egg batches will be separated and transferred into
incubation-tanks with in-line water chillers controlling seawater temperatures. Incubation temperatures
will include the full range of temperatures measured in situ (4°C, 7°C, and 10°C). Additional incubation
experiments will determine maximum and minimum temperatures for successful embryonic development.
Light intensity in aquaria will be matched to natural ambient levels. Embryo samples will be taken every
3-6 hours during the early phase of development and every 12 hours during the late phase (after 48 hours).
Samples will be preserved in phosphate buffered formalin (5%) or Stockard’s solution. A detailed
examination and complete morphological description of embryos will be completed in the ASLC
laboratory using dissecting microscopes. Morphological descriptions and analysis will follow the protocol
developed by Blood et al. (1994).

Parentage assessment
Sampling of embryos for genetic analysis from egg clutches produced at the ASLC will generally

follow methods described by Withler et al. (2004). Genomic DNA will be extracted from embryos drawn
randomly from the clutch, as well as from adult fin clips. We will genotype approximately 96 eggs from
each of 10 clutches during the first year. Binomial sampling probability predicts that we will detect
genetic contributions from all parents 95% of the time if the proportion contributed is greater than 3%. Up
to six microsatellite loci will be amplified via the polymerase chain reaction (PCR) and detected on a Li-
Cor IR2 automated DNA sequencer. These marker loci are being used in a study of genetic population
structure and their allele frequencies are well-characterized in Atka mackerel (Canino, unpubl. data). We
estimate that a small panel of moderately to highly-polymorphic loci will allow complete assignment of all
embryos to male and female parent pairs using exclusion analysis.

We will genotype embryos from 5 clutches during the second year of the project, and those
samples will be partly determined by results from video observations of male nest sites. For example,
sneak fertilizations or nest takeovers may be observed and the DNA analyses can then be used to
corroborate and quantify the genetic consequences of the behaviors.

Egg cannibalism
This field component to the study will be directed at resolving what types of egg cannibalism

characterize each gender (i.e., heterocannibalism in females, filial cannibalism in males) and whether these
vary significantly over the spawning season, particularly in males. The approach is identical to that for
assigning parentage: Multilocus DNA genotypes from embryos retrieved from the stomach are compared
with the cannibal's as a basis for parental exclusion. In the first year, we will attempt to genotype up to 96
eggs from six males and six females obtained throughout the breeding season in periods when cannibalism
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has been recorded. Based upon these results, we will genotype embryos from an additional 10 stomachs in
the second year, most likely from males, to better document any seasonal patterns in cannibalism.

Variation in realized fecundity and maturity schedule

Realized fecundity from wild populations will be estimated by subtracting atretic, mature oocytes
from the number of mature oocytes present in the pre-spawning ovary that could have been spawned
(potential fecundity). Both, potential fecundity and the number of atretic, un-spawned oocytes will be
estimated using gravimetric techniques outlined in McDermott (2003). Samples are available to complete
realized fecundity relationships for Seguam and Tanaga passes in 2002 and for the Amchitka Island area in
2003.

Fecundity will be expressed as allometric relationships with length, weight, and age. Ages will be
determined by the AFSC Age and Growth unit. Fecundity relationships will be tested for significant
differences between sites and years using a reduction in variance F-test (Quinn and Deriso 1999) and will
also be compared with samples from 1993 and 1994 (McDermott 2003).

Maturity at length and age will be determined using histology (McDermott and Lowe 1997).
Current NPRB funding will enable estimates of maturity at length and age for Seguam Pass in 2002 and
2003, Tanaga Pass in 2002, and Amchitka Pass in 2003. Proposed funding will enable inclusion of
samples from Amchitka, Tanaga, and Seguam in 2004,

Maturity data will be fit to a logistic model to estimate length and age at 50% maturity. Ages will
provided by the AFSC Age and Growth unit. A general linear model with a binomial error distribution
will be used to test for significant differences between years and locations (McDermott and Lowe 1997).

Variation in batch fecundity and independent estimate of realized fecundity from fish in captivity

We will estimate the batch fecundity and realized fecundity of all Atka mackerel females
spawning successfully at the ASLC. Volumes of embryo clutches and four subsamples from each embryo
clutch will be measured by displacement in seawater. Subsamples of eggs will be frozen. These samples
will subsequently be used to determine energetic content of the eggs. Total number of embryos in the
clutch will be volumetrically proportional to the number of embryos in the subsamples. Maternity of
clutches will be assigned by the genetics component of this study, allowing us to determine the number of
clutches and the realized fecundity for each female at the ASLC.

Determine variation of egg energetic content in batch order or between females for fish in captivity as a
baseline method to compare egg energetic content of oocytes in females in wild populations

We will collect 4 embryo subsamples from each clutch as soon as possible after spawning to
standardize for developmental stage. The earliest development stages would also be useful for any future
comparisons to hydrated eggs collected in females in the wild. After shipment to Seattle, energetic content
will be determined using a microbomb calorimeter in Professor David Beauchamp’s laboratory at the
University of Washington. Clutches of embryos will be assigned to a spawning female in the genetics
portion of this study. We will test for a decrease in energetic content in successive batches spawned by
females.

To develop a method to assess egg energetic content of known females in the wild, we will collect
females aboard a commercial fishing vessel during year 2 of this study (September 2005). One ovary per
fish will be frozen, and one will be preserved in formalin. Histology will be completed on the formalin
preserved specimen to ensure the presence of hydrated cocytes, and roughly determine batch order
(McDermott 2003). A technique will be developed to remove hydrated oocytes from the ovaries and
measure oocyte energetic content using a bomb calorimeter.

2E. Project Management and Experience and Qualifications of Personnel

Dr. Susanne McDermott, Principal Investigator, is a Research Fishery Biologist at the Alaska
Fisheries Science Center and has 10 years of experience in marine fisheries research. Her areas of interest
include reproductive biology of Alaska groundfish as well as survey design and mark recapture studies.
For the last 4 years she has worked as a lead scientist developing and conducting an Atka mackerel tagging
study in the Aleutian Islands.

Dr. Nicola Hillgruber, co-Principal Investigator, is a faculty member at the University of Alaska
Fairbanks, School of Fisheries and Ocean Sciences. While a new faculty member, she nonetheless has
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years of experience in fisheries research. Her area of expertise is the ecology of marine fishes, primarily
the ecology of their early life stages. She acquired experience in several aspects of early life history
research of a variety of different fish species. Dr. Hillgruber is currently conducting a study funded by
NPRB on the early marine ecology of juvenile chum salmon (Oncorhynchus keta) in Kuskokwim Bay,
Bering Sea. In addition, she is collaborating at an NPRB-funded project targeting forage fish in the Bering
Sea. She will be responsible for overseeing the research on the developmental series of Atka mackerel
embryos conducted by the graduate student at the ASCL as well as advising the graduate student during
his graduate education at UAF.

Dr. Michael Canino, co-Principal Investigator, has been a Research Fishery Biologist at the
Alaska Fisheries Science Center for 15 years. His research interests are genetic population structuring and
the molecular evolution and systematics of marine fishes. He is currently conducting studies on population
structuring in Atka mackerel and Pacific cod. Recent works have examined the effects of natural selection
on population structure in walleye pollock. His primary responsibility will be to conduct the genetic
analyses to quantify life history characteristics of parentage and egg cannibalism in Atka mackerel.

2E.1. Coordination and Collaboration

Alaska SeaLife Center (ASLC) — The embryo developmental series will be collected at the ASLC. Dr.
Shannon Atkinson, Science Director at the ASLC, will collaborate with ASLC administration for the egg
developmental research. The ASLC is a non-profit marine science facility dedicated to understanding and
maintaining the integrity of the marine ecosystem of Alaska through research, rehabilitation and public
education. The ASLC is an ideal facility for housing and working with Atka mackerel. Along with the
exhibits, the Center has wet lab and curatorial space that allow for multiple configurations of holding
systems and dry labs for analytical equipment. The aquarium department consists of one curator and three
full time aquarist dedicated to perform all aspects of aquarium husbandry related to fish and invertebrate
exhibits and research. The aquarium department has support from veterinary services, which has two full
time veterinarians and two full time veterinary technicians. Atka mackerel have proven to be hardy
captives that have shown numerous successful spawning events while being in captivity at the ASLC. As
part of public outreach and education, research being conducted as a result of this proposal will be on
display at the aquarium.

AFSC Resource Ecology and Fisheries Management (REFM) Division Fisheries Interaction Team
(FIT) — The FIT is a multidisciplinary group investigating the potential impact of commercial fishing on
marine fish species and the endangered Steller sea lion. Dr. Libby Logerwell is the program manager and
is involved with field studies to estimate the movement and abundance of Atka mackerel using tagging and
recapture techniques..

AFSC Recruitment Processes Program — Dr. Ann Matarese and Debbie Blood in the egg and larval
systematics and taxonomy laboratory will assist the UAF graduate student in producing the embryonic
developmental series.

AFSC Resource Assessment and Conservation Engineering (RACE) Division — Robert Lauth will
collaborate with the collection of live Atka mackerel for broodstock at the ASC during RACE summer
surveys in the GOA (2005). Robert Lauth will also provide equipment and consulting with underwater
camera observation at the ASC.

AFSC Molecular Ecology Research Laboratory (MERL) - Ingrid Spies will conduct the DNA extraction
and genotyping of Atka mackerel embryos and adults in a lab jointly sponsored by the Resource
Assessment and Conservation Engineering (RACE) Division and the National Marine Mammal
Laboratory (NMML).

AFSC REFM Division - The REFM Stock Assessment and Multispecies Assessments Program develop
strategies for managing fisheries resources in Alaska. Data from research, fisheries surveys, and the
industry are used to determine the condition of the various fisheries resources. Dr. Sandra Lowe has done
assessments on BSAI and GOA stocks of Atka mackerel for over 10 years. Investigators from this project
will collaborate with Lowe and provide her with timely results that can be incorporated into the stock
assessments.

AFSC Midwater Assessment and Conservation Engineering (MACE) Division - Scott McEntire from the
MACE Division is nationally recognized for his design and fabrication of custom underwater camera
systems for fishery researchers. McEntire will be collaborating with Lauth to provide support for the
camera and observation system at the ASLC.



University of Washington, School of Aquatic and Fishery Sciences — Professor David
Beauchamp has agreed to allow us the use of a microbomb calorimeter.

2E.2. Schedule and Milestones

Milestones 2005 2006 2007
J JASOND|JFMAMJ JASONTD|JFMAM

Wetlab
incubation of 2005 eqggs at 4°C, 7°C, 10°C

tethal temperature experiments at 2°C, 12°C, and 14°C

realized fecundity estimation —
Drylab

morph. descepl. for 2004 5°C, 7°C, ambient T. embryos

morph. descriptions for 2005 4°C, 7°C, 10°C

Genotyping egg cluiches and spawning adults
Genotyping egygs collecled in stomachs for cannibalism

histolegical preparation of 2004 samples

histological analysis of 2004 samples -
histological preparation of 2008 samples

Measure egg energelic contents of ASLC fish

Develop melhod for oocye energetic content

Fieldwork

collect live Atka mackerel in the field ]
collect genetic samples for cannibalism study
collect gonad samples for maturity/reproductive siate -

Other

potential annual fecundily estimates ~

alretic, unspawned cocyle eslimatles

map reproduclive state

Genetic analysis of parentage study I
Genetic analysis of cannibalism study

Final analysis and preparation of reports and manuscripls
2E.3. Products

It is anticipated that this research will result in several peer-reviewed publications with the
following topics: 1) the embryonic development of Atka mackerel, 2) spatial distribution of local Atka
mackerel populations by sex and reproductive stage with respect to habitat use, 3) the mating system of
Atka mackerel, 4) the evolutionary significance of egg cannibalism, and 5) spatio-temporal variation in
realized fecundity and maturity schedule of Atka mackerel. Results from this research will also be
presented at local and national conferences such as the 2006 Western Groundfish Conference and the
Larval Fish Conference 2005,
2F. Project Costs

Three funding actions are proposed for this research: one is to the Alaska SeaLife Center (ASLC)
in Seward for salary and tuition of a graduate student and a half-time research-technician to do Atka
mackerel egg developmental work and captive studies; second is to University of Alaska Fairbanks (UAF)
for 1 month of salary per year to Dr. Nicola Hillgruber for overseeing the graduate student’s research at the
ASC and graduate education at UAF; and third is to the Alaska Fisheries Science Center (AFSC) for: 1) 2
years salary for a term limited employee; 2) histology and determining egg caloric content, and 3)
processing of genetic samples. The total requested funds from NPRB are $ 267,361 for Yr1 and $ 230,069
for Yr2. Following are separate budget explanations for the ASC, the UAF, and the AFSC.

There is no direct source of non-competitive funds within our agency for doing research on Atka
mackerel spawning and nesting habitat, egg developmental series, parentage and egg cannibalism, or
reproductive parameters. Histological samples for Atka mackerel are collected on tagging and recapture
cruises; however, there are no programmatic funds available for analyzing the samples. Microsatellite
markers have been developed at the Molecular Ecology Research Laboratory and applied in an ongoing
study of genetic population structure in Atka mackerel. However, there is no identified source of funding
for sample processing and genotyping analyses for parentage and cannibalism studies.

Budget Explanation — Alaska SeaLife Center

Personnel Salaries The proposal is seeking salary support for a UAF graduate student and a half-time
research technician/aquarist to work at ASLC for 2 years to perform the captive studies. Personnel
Fringe Benefits: The ASLC fringe benefits rate is 25%. Travel: The proposal seeks funds for the
graduate student to attend the NPRB review meeting in Anchorage (mileage $98, hotel $95/day for 4 days,
per diem $65/day for 4 days) and travel to AFSC (mileage $98, airfare $600, hotel $127/day for 14 days,
per diem $48/day for 14 days, rental car $50/day for 14 days) in both years. Travel funds are also
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2003

2003

1997
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McDermott, S. F., K. E. Pearson, and D.R. Gunderson. Fecundity of Atka mackerel
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McDermott S. F. Improving abundance estimation of a patchiliy distributed fish, Atka
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