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PURPOSE

To provide the Commission and the public with copies of the IPHC Secretariat science posters
displayed at the 96" Session of the IPHC Annual Meeting (AM096).

B ACKGROUND

The IPHC Secretariat is engaged in multiple lines of research under the IPHC 5-year Biological
and Ecosystem Science Research Plan (IPHC-2020-AM096-11), and results from several
projects will be displayed in posters at AM096 for the benefit of the Commission and the public.

DiscussION

Table 1 lists the science posters on display at AM096.

Table 1. Science posters on display at AM096

Appendix No. | Poster Title

Appendix 1 Electronically monitoring release method as a proxy for Pacific halibut discard
mortality rates in the directed Pacific halibut longline fishery

Appendix 2 Pacific halibut migration research at IPHC

Appendix 3 Can we reconstruct the growth history of the Pacific halibut (Hippoglossus stenolepis)
population by otolith increment analysis?

Appendix 4 Re-ageing of archived otoliths from the 1920s to the 1990s

Appendix 5 Identification of molecular growth signatures in skeletal muscle of juvenile Pacific
halibut (Hippoglossus stenolepis) for monitoring population growth patterns

Appendix 6 Genetic population structure of Pacific halibut (Hippoglossus stenolepis): progress to
date

Appendix 7 Genetic sex identification of Pacific halibut (Hippoglossus stenolepis) commercial
landings

Appendix 8 A decade of coastwide environmental monitoring on the annual IPHC fishery
independent setline survey and practical applications of the data in a spatio-temporal
assessment model
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Appendix 9 Identification and characterization of FSH f and LH B in female Pacific halibut
(Hippoglossus stenolepis)
Appendix 10 Oocyte stages and development in female Pacific halibut (Hippoglossus stenolepis)

RECOMMENDATION

That the Commission:

1) NOTE paper IPHC-2020-AM096-INF05, which provides copies of the IPHC Secretariat
science posters displayed at the 96" Session of the IPHC Annual Meeting (AM096).

APPENDICES

As listed in Table 1
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LA o

Biological and Ecosystem Science Program

Electronically monitoring release method as a
proxy for Pacific halibut discard mortality rates in
the directed Pacific halibut longline fishery

Introduction:

+ Regulations require release of sublegal (<81.2cm, <327) Pacific halibut {Hi is) in the di ine fishery.

+ Potential release mortality in the fishery is currently estimated through the application of discard mortality rates {DMRs) derived from injury or vitality data
provided by observer programs. In 2017, wastage in the fishery was estimated to be 453 t (1.1 M Ibs).
Alaska is currently developing electronic monitering (EM) as a tool to monitor the small vessel fleet (<17.4 m, <57’), but determining vitality data requires
handling of the animal, something that cannot be achieved with cameras.
Permitted hook release methods include careful shake, hook straightening, or cutting the gangion.
Release methods can be easily assessed by EM, but the suite of injuries sustained by each hook release technique is unknown.

Objectives:
+ Develop an injury profile for different hook release methods, which can then be used to calculate DMRs on vessels carrying EM rather than observers.

+ Assessment of post-release survival (short- vs long-term) in relation to hook release method, associated injury levels, physiological condition, and size of
Pacific halibut released in excellent condition.

Methods:
+ Commercial longline vessel (24 m, 80°) contracted to conduct test fishing with conventional fixed gear in western Gulf of Alaska in fall of 2017.
+ EM system with 3 cameras, and hydraulic sensors installed.
+ Standardized gear consisted of 550 m (1,800° ) skates with 100 #3 (16/0 Mustad) circle hooks, no snaps/swivels.
«  Thirty-six (36) sets of eight skates of gear, with randomized hook release treatments were done:
« Careful shake (5 skates/set).
» Hook stripper (2 skates/set).
« Gangion cut (1 skate/set).
All Pacific halibut were assessed for length, weight, physical injury, release condition.
Pacific halibut < 83.8 cm (33 inch) were tagged and rel d after physiological ling (blood, il ive fat content).
EM footage reviewed by analysts at the Pacific States Marine Fish Commission.
2,487 fish caught, of which 1,106 were tagged and released:
+ Short-term survival archival tags (79 sPAT releases scheduled for popup at 96 days after deployment).
+ Long-term survival tags (1,027 wire tag releases, dependent on fishery recoveries).

Results:
« An almost perfect (95%-100%) agreement between the actual release method used and that captured by EM was observed (Figure 1).
« Assessment of injury profiles by release method evidenced that careful shake and gangion cutting are the release methods resulting in the highest
proportion of fish in excellent condition (> 70%) for both small and large Pacific halibut {Figures 2 & 3).

Percont of Pacific haibut

Percent agreement of EM o actual

Dicellent  Moderate  Poor a . Moderate
Releass Condition Raleasa Candition

Figure 1. Comparison of EM determined release Figure 2. Release condition of small (< 83.8 cm/ 33 Figure 3. Release condition of large (> 83.8 cm/ 33
method to actual. inch) Pacific halibut by release method (shake, inch) Pacific halibut by release method (shake,
gangion cut, hook stripper). gangion cut, hook stripper).
Conclusions:

+  EM was effective at capturing hook release method (Figure 4).
= Injury profiles for different sizes were developed and can be used as a proxy for DMR in the future.
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Flgure 4, EM capture of hock release methods: a) careful shake, b) gangion cut, and c) hook stripper.

Acknowledgment: this work is funded in part by the Saltonstall-Kennedy Grant Program, Project #NA17NMF4270240
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Appendix 2

Wire and strap tagging: 1925-2011 — the main objectives includes Larval survays: 19305 — the main objective was o collect data on PIT tagging: 2003-2009 —the main objectives were to obtain mortalyy  Electronic tagging (satellite and archival): 2002-2015 — the main

stock distribution, recruitment, migration, bycatch rates and survival Pacific halibut larvae indluding determining distribution in the Gulf of and migration rates. Mare than 67,000 Pacific halibut were tagged  objectives included movement within and between ocean basins,

Wore than 350,000 tags were released through 2011. Alaska and released over a two-year period. Over 3,400 of those tags were  connectivity of summer feeding and winter spawning grounds. A total
eventually recovered between 20032009 through scanning of 535 electronlc tags were deployed through 2015

Larval dispersal and connectivity between the Bering Sea and Gulf of Alaska

Project Goals
= Identify the factors contributing to annual differences in larval distribution/dispersal and the
resulting settled year classes.
= Model the contribution of spawning grounds to settlement grounds.
= Assess connectivity of the Gulf of Alaska and Bering Sea pepulations via larval dispersal
through Unimak Pass, Alaska . ,,;,,.;.,d..m,.,
Figure 1 ({left): Februniy i o A
Standardized  catch !
per 10 m? of Pacific
halibut larvae caught
during  the NOAA

ichthyoplankton e = 7 . 5 . -
surveys | 19722015 Figure 2 (abovel: Madel output of predicted dispersal over time of larvae ETRRERTA T SRS (5rvad dansity. an the log scale

Note that light pink e T S Pk TR a Al O the standardized to have mean of zero, left panel) and associated uncertainty
output from a combination larval recruitment and physical aceanography (right panel) of larvae during warm (2001-2005) and cold (2007-2013)

took place, but na model developed by NOAA. Colors indicate the manth in which the larval stanzas in the Bering Sea in late spring. These plots are a result of a
E——— A bt wee particles were released (estimated spawning time) shown in the key on the B e e caby IPtic. Points in the ok pancls

found. Lht &) projuct in partnorship with NoANEcoroC! show sampling locatians

indicates  sampling

Using electronic tags to study population structure, seasonal dynamics, and juvenile dispersal

Project Goals

» Identify spawning stock structure as it relates to the concept of “biclogical regions”

* Examine the redistribution of exploitable and spawning biomass seasonally, to
evaluate how stock distribution may differ between the summer survey season and
winter; and how movements vary regionally and may be affected by climate variability.

* Quantify dispersal of juvenile Pacific halibut from nursery habitats to adult feeding
grounds, te better understand downstream effects of both fishing and natural

g = g mortality. b =

Alentin = i - d STEn Figure 6 (above): Upper left: Light data can be used to determine fish

” location given that the timing of local noon indicates longitude. Right:

Daily longitudes derived from light can be used to track migrations. Here,

an adult Pacific halibut is tracked as it departs Area 4A feeding grounds to

spawn in Area 3A, and returns to 4A the fallowing spring. Lower left: For

Figure 4 (above): Pop-up satellite tags deployed in the summer . Jjuvenile halibut, we hope to obtain enough data from long-term archival

and programmed to report fish locations during the winter Figure 5 (above): Left: Adult Pacific halibut undertake migrations between shallow summer feeding tags — which can store up ta seven years of information — to determine

spawning season suggest that the eastern Pacific halibut grounds and deeper winter spawning areas, Center: These movements can be summarized among whether their “downstream” movements tend to occur rapidly over a

population may be segregated into four spawning stock individuals to define periods of seasanal migration according to depth, movement state, and relative short period of time (“stepwise”) or more gradually as they age

components that correspond to ocean basin and breaks {deep to peak spawning period(s). Right: Analyses canducted within the Bering Sea demonstrate that the (“smooth”). This information will be useful for building spatially-axplicit
passes) in the Aleutian Chain. timing of seasonal migration varies according te subregion, and may also trend from south-to-north. population models that incorporate migration

Using wire tags to study the movement of juvenile Pacific halibut

Summer lag eteuse locaiion

& TWintee popaup lnca

Project Goals

= Tag young Pacific halibut (<82 cm fork length or "U32") that are still actively migrating from
nursery areas to adult feeding grounds.

* Increase our understanding of juvenile Pacific halibut movement and growth.

Ry

Figure 9 (above): Since 2015, a portion of the Pacific
halibut caught during the annual NMFS trawl survey have
been wire-tagged. 50% of the Pacific hallbut catch Is
sampled for otoliths, sex, and maturity; the other 50% are
potential tagging candidates, and are tagged if alive and
U32. Over 4,800 have been tagged through 2018
G i . . halibut not selected for otolith sampling are wire-tagged and released with a goal of 500 tagged
Figure 7 (above}: Over 8,600 U32 Pacific halibut have been wire-tagged fish per Regulatory Area. A total of 3,844 U32 Pacific halibut have been wire-tagged on the FISS @ Broject in coordination with NOAANMFS
between 2015 and 2018 and 74 have been recovered. s

- Connect spawning grounds to nursery areas using modeling and genetics - build on the - Expand migration/dispersal knowledge to include un-sampled and lightly sampled areas —
results from the current projects to identify possible links between spawning and nursery this could include, for example, the western Bering Sea through collaborations with Russian

grounds, then validate with genetic studies. scientists, and the coastal inshore areas of the Gulf of Alaska and eastern Bering Sea

Back to Table 1

Page 4 of 12




INTERNATIONAL PACIFIC
HaLIBuT CoMMISSION

IPHC-2020-AMO096-INFO5

Appendix 3

Can we reconstruct the growth history of the Pacific halibut (Hippoglossus stenolepis) ™ rervanonas paciric

population by otolith increment analysis?

Dana M. Rudy, Chris Johnston, Robert Tobin, Tim Loher, lan Stewart, Josep V. Planas, Joan Forsberg \
International Pacific Halibut Commission, 2320 W. Commodore Way, Seattle, WA 98119 HALIBUT COMMISSION

Introducti

The Pacific halibut (Hippoglossus stenolepis) is one of the largest and longest-lived flatfish in the world,
reaching up to 200 kg in body weight and 2.4 m in length and with the oldest individuals caught aged at 55
years. Although female Pacific halibut attain much larger sizes than males, the average length at age for
both males and females has significantly decreased during the last 25 years, particularly in the Gulf of
Alaska. This has led to a decrease in the exploitable biomass of Pacific halibut stocks. Several factors,
including I, fisher lated, and even anthrop: , could be ible for the observed
decrease in the growth potential of this species.

Otolith measurements have been used as a proxy for fish length in other species {1,2). Since the
International Pacific Halibut Commission maintains a long-term, coastwide otolith collection, we aim to
determine if otolith growth in Pacific halibut carresponds with their somatic growth.

North P QOcean

Fig 1. Mean length at age 15 in male and femala Pacifie halibut caught on IPHC setline surveys. Note: Surveys not conducted
all years

Objective

Determine whether otolith grawth can be used as a proxy for somatic growth. Additionally, determine if
otolith growth reflects the sexual dimorphism in adult Pacific halibut lengths, or reflects the length-at-age
declines of the last 30 years

Materials and Methods

A subsample of otoliths fram survey-caught Pacific halibut were selected for birth vears 1977, 1987, 1992,
and 2002. Most halibut were 14 or 15 years old when captured; 11-year-olds were used for birth year 2002,
Qtoliths in this study had been aged by the break-and-bake technique, where the otolith is cut in half
transversely and the posterior half is baked to enhance contrast between seasonal growth rings (Fig. 24,8).
The baked otolith halves were cut about 1.5 to 2 mm below the reading surface and mounted on glass
slides. The mounted otolith sections were then photographed and measurements were made using Image-
Pro Premier software. Measurements were taken in a standard zone on all otaliths: from the origin to the
last annulus along a straight line in the area dorsal to the sulcus groove (Fig. 2C).

Fig.2 Images of liths. A. Otolith showing transect where increment distances were measured
B. 30 diagram of a halibut otolith C. Cross-section of otolith showing points of reference and measurement zone

Results

There is a 2.4% increase in mean otalith radius for age 15 fernales between the
1977 and 1992 year classes in the Gulf of Alaska, dESpNE an 11.1% decline in
bady length

Table 1. Mean fork length (em) and mean otolith radius {mm) with standard
deviations for Age 15 females from the Gulf of Alaska setline survey (area
wide and subsample) for the 1977 and 1992 year classes

I 1977 1992
Fork length (Gulf of Alaskal{ 1194 3145 1061 +154
Fork length {subsample) 1209 $12.5 102.8 £11.3
Otolith radius [ 163:014 167015

ig 3. y-caught females from
the Gulf of Alaska

1977

e

Fig.4 Individual cumulative otolith increment growth at age in survey-caught females from the Gulf of Alaska for 4 different year classes

There is 6.4% difference in the mean otolith radius for age 15 males.

and females in the 1992 year class in the Gulf of Alaska, despite a

26.4% difference in body length
Table 2. Mean fork length (cm] and mean otolith radius {mm) with standard
deviations for Age 15 females and males from the Gulf of Alaska setline
survey (area wide and subsample] for the 1992 year class

[ Femzle
Fork length (Gulf of Alaska)]  83.9 +8.0 106.1 +15.4
Fork length (subsample) 808 243 102.8 113
Otolith radius (subsample) 1.57+0.14 1.67 £0.15

Fig5 ith i ht males and
females from the Gulf of Alaska in 1992

Conclusions

In the Gulf of Alaska, the change in mean otolith radius of 15-year-old female halibut between the 1977 and 1392 vear classes does not reflect the somatic
length-at-age decreases seen area wide between those years. Otolith radius at age is therefore not a good proxy for length at age.

Male and female atalith increment-at-age measurements are similar (only a 6.4% difference at age 15 in the 1992 year class), despite very different somatic
lengths between sexes (26.4% differance at age 15 in 1992 year class). Otolith radius does not reflect the sexual dimarphism in Pacific halibut length at age.

Although the factors regulating otolith growth in Pacific halibut are not well understood, otolith growth appears to be decoupled from somatic growth,
Therefore, otolith growth patterns cannot be used to infer changes in somatic growth in Pacific halibut.
References
L Wighcls, L & Meckan 1. {2009] The: Back Celculation of Fish Grannth roen Otaliths, Tropical Fish QLofiths: Information far Asess menl, Management, ard Ecology, pe. 174-211

2,Somard, 5. (2001) Intergretation of Dtalith Micrastructure in Juvenili Winter Flounder [Pseudopleuronectes amerfsanus : 0niogenetic Develapment, Daily Inerernent Validation, and Somatic Grosth Relationships, Canadian
Journalof Fisheries 2nd Aquatic Seiences, 1951, 88(10]: 1962-1871
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Appendix 4

Re-ageing of archived otoliths from the 1920s to the 1990s

Joan E. Forsberg, Dana Rudy, Chris Johnston, Robert Tobin and lan J. Stewart
International Pacific Halibut Commission, Seattle, WA, USA

Background

The International Pacific Halibut Commission (IPHC) has collected otoliths for age determination since 1925. All
otoliths that have been examined for age determination are kept and added to the IPHC’s otolith collection, which
contains samples from over 1.6 million Pacific halibut. Age determination techniques used for Pacific halibut have
changed over time; prior to 1992, all otoliths were surface aged. Between 1992 and 2001, oteliths that met certain
criteria were also aged by break-and-bum or break-and-bake method in addition to surface ageing. Beginning in
2002, all otoliths collected from the IPHC fishery-independent setline survey and the commercial catch have been
aged by break-and-bake. Observed size-at-age (SAA) of Pacific halibut has changed over time and the reasons
behind changes in Pacific halibut SAA are not well understood. Prior to this study, the potential contribution of
changes in ageing methods to observed SAA was uncertain.

Microscope used by IPHC in the 1960s. New and histaric surface ages were campared to see if
there were differences that could be due fo changes in equipment or ageing protocal.

Stored otoliths were fransferred from vials to trays with individual cells.

Study goals

To provide information on the bias and imprecision of historical surface ages relative to age data from the 1990s
onward, subsets of otoliths from each decade from the 1920s to the 1980s were re-aged by both the surface and
break-and-bake technique, and these new ages were compared to the original surface ages. Additionally, a subset
of otoliths collected in the 1990s that were previously only surface-aged were re-aged by break-and-bake. Since
the 1920s, IPHC age readers have cleared Pacific halibut otoliths in glycerin solution (50% glycerin/50% water) to
increase readability of the growth patterns. Otoliths are also kept in glycerin selution for long term storage. This
study also provided an opportunity to observe the condition of otoliths stored for almost 90 years in glycerin
solution.

Methods

Years for which otoliths had been collected and aged were identified. One or two years per decade were selected
based on number of geographical regions (IPHC regulatory areas) and otoliths available. For each selected year
within a decade, otoliths were retrieved from storage. Otoliths collected prior to 2002 were stored in groups of ~25
per vial. Otoliths were separated within the vial by numbered paper labels. Almost 28,000 otoliths were transferred
from vials to containers that have individual cells. The transferred otcliths were further subsampled to 500 from
each regulatory area for ageing. A total of 17,414 otoliths were re-aged by three experienced readers.

Partially funded by North Pacific Research Board Project 1309

INTERNATIONAL PACIFIC
HAaLiBUT COMMISSION

Original surface Age New surface Original surface Age Break-and-bake
. = 2% s 20
Yo = 19 7 0 o7 = 17 = 0%
E 12% 1% 1% 1.1%
o7% o7 2K 13 = 21%
. 15 =15
25% 7% e 4 s
oo i 1% T 0 :
568 13 615 6.5% ” 6.9%
s6h i ok wa 1 %
s LB i o 134% 10 127%
(Bt 4 135 EEh 3 ey
1w a fret) 0
4 156% b 7 16.5%
559 5 S s »
fr i) 254 27w
Linm 4= 16% T = 4 e sk
R T T A A mE ok om0 ow sk s 1w

Age frequency distnbutions were compared for new and ongingl Surace readings and for original surface and braak-and-bake reaings for
each decadal graup. Example above is far the 19608 group,

Annotated photo of surface and baked
halves of an otolith callested in 1926

- Breakand-bake
— Recentsutace
== Histarical suface

&

Reac age
Resdage

T T T
o 5 0 15 20 2

Predicted age Predicted age

Comparison of bias (slid lines) and impracision {dashed lines) estimates for surface
ages read duringthe 1990s, 1960s-19808, 1940s-1950s, and 19208-1930s.

Comparison ef bias and impracision for break-anc-bake, recent (198+) and
paaled histerical (1926-1993) surface ages.

Results

Results indicated that historical samples contained very few fish aged older than 15 years by either method.
Based on simultaneous estimation of bias and imprecision for up to four unique ages per otolith, the
properties of historical surface ageing methods were found to be very similar to current metheds, becoming
increasingly biased and imprecise beyond 15 years. This study reconciles two important questions for
assessment and related analyses attempting to reconstruct the historical abundance and biclogical trends
for Pacific halibut. These results support the conclusion that increasing trends in size-at-age observed from
the 1930s through the late 1970s were not an artifact of changes in ageing methods, but represent a real
biological phenomenon, for which probable mechanisms are currently being investigated. Second, there
dees not appear to be a need for extensive further re-ageing of historical samples. The truncated age
structure of most historical samples suggests that little information will be lost if ages are aggregated
beyond age 20 (as has been done in most analyses) and both the bias and imprecision of the surface
method are included in any analysis.

In addition to clarifying precision of ageing methods, the re-ageing of archived otoliths also provided an
excellent opportunity to observe the condition of otoliths stored in glycerin solution for up to 88 years. Most
of the otoliths examined were in good condition; some samples from the 1920s and 1930s had a chalky
coating that obscured surface growth patterns, but were readable when broken and baked.

Back to Table 1
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Appendix 5

Identification of molecular growth signatures in
skeletal muscle of juvenile Pacific halibut
(Hippoglossus stenolepis) for monitoring population

growth patterns

Josep V. Planas™' , Dana Rudy', Anna Simeon', Thomas P. Hurst?

INTERNATIONAL PACIFIC

INTRODUCTION

The International Pacific Halibut Commission has reported changes in the size-at-age (SAA) of Pacific halibut (Hippoglossus
stenolepis) caught in the commercial fishery as well as in its own survey research for almost 100 years. Although an increase in SAA
was observed between the 1930's until the 1980’s, SAA has significantly declined since the 1990's until today, as evidenced by a 50%
reduction in body weight for a typical 12-year old female during this period (Figure 1). However, our understanding of the potential
causes for the long-term variability in SAA is still rather scarce. Although a number of factors could be contributing to this variability,
recent analyses have suggested that temperature variation may have been a contributing factor to the observed changes in SAA in
the Pacific halibut. Therefore, there is an urgent need to better understand the physiological effects of temperature on growth in this

linternational Pacific Halibut Commission, Seattle, WA, USA
2Alaska Fisheries Science Center, NOAA, Newport, OR, USA -

'/ NOAAFISHERIES

Historical changes in size-at-age

1530

(12:47 old fomals)

1080 1950 1960 1970 1900 1590 2000 2010

Figure 1. Coastwide changes in the

species.

average body weight of a 12-yr old
female Pacific halibut (black line).

MATERIALS AND METHODS

Juvenile Pacific halibut of approximately 6 month of age were collected off

the coast of Kodiak, Alaska, US and transferred to the aquatic facilities of t
Hatfield Marine Science Center in Newport, Oregon, US.
tagged fish were acclimated for 8 weeks to 2°C and 9°C in duplicate tanks
=5} prior to sampling. Subsequently, half of the fish previously acclimated

2°C were gradually brought up to 9°C and held at 9°C for 6 additional weeks
prior to sampling. The transcriptomic responses of white skeletal muscle
from fish experiencing temperature-induced growth suppression and growth

compensation were analyzed by RNA sequencing (lllumina).

9 8w 14w

Growth suppression

Molecular signatures of temperature-

induced growth alterations

Molecular growth
markers

RNA sequencing
White muscle

Individually pit-

I, Growth compensation
2°C

« Transcriptomic responses to temperature-induced growth suppression

« Differentially expressed genes (DEGs): +Functional categories (Down-regulated at 2°C):

he

= Al DEGs.
= Annotated DEGs

Down  Musele development and contraction

(N Lin=ss Down  Transcription and translation

at Down  Protein and carbohydrate metabolism
Down  Enorgy metabolism and transfor

Dewn-Regulated DEGs Down  Celldivision

Down  Stress response

Down  Immune response

Up-Regulated DEGs

0 500 4000 1500 2000
Figure 3. Left: Number of differentially expressed genes. Right: Functional categories
of genes signifi under growth i

tly d g pp

+ Transcriptomic responses to temperature-induced growth stimulation

+Functional categories
(Up-regulated from 2°C to 8°C):

+ Differentially expressed genes (DEGs):

RESULTS

+ Temperature modulates the specific growth rate (SGR)

3
<
[
2 b
1
a
0

9C 2C-> 9C

Temperature

Figure 2. Effects of temperature on the specific growth rate in
Jjuvenile Pacific halibut. Different letters indicate statistically
significant differences among the groups (N = 10).

CIHE

* Further information: josep.planas@iphc.int

“All DEGs
814| mAnnotated DEGs

JociDEzS Up  Muscle development and contraction

Up  Protein metabolism and modification
Down-Regulatod DEG:
ERoaCatd SR Up  Carbohydrate metabolism (for ATP)
Up  iron transportand binding
Up  Hemoglobin synthesis
Up-Reguiated DEGS Up  Celladhesionand proliferation

Up  Transcription and translation

0 200 400 GO0 800
Number of genes (DEGS)

1000

Figure 4. Left: Number of differentially expressed genes. Right: Functional categories
of genes significantly up-regulated under growth stimulation.

CONCLUSIONS

+ Acclimation at 2°C resulted in a significant reduction in the specific growth rate (SGR)
whereas a significant increase in SGR was observed as a result of temperature-induced
growth compensation.

* Growth suppression by low temperature acclimation is associated with a decrease in the
expression of genes involved primarily in muscle function, protein synthesis, transcription
and stress and immune response.

+ Growth stimulation by temperature-induced compensation is associated with an increase in
the expression of genes involved primarily in muscle structure and function and metabolic
activation.

* The resulting molecular growth signatures will be useful to investigate potential changes in
growth patterns in Pacific halibut.

ACKNOWLEDGEMENTS. This study was conducted with funding from IPHC and the North Pacific
Research Board (Project NPRB 1704).
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Appendix 6

Species and it

Pacific halibut (Hippaglassus stenplepis) arc distributed throughout the Nerth Pacific Ocean (Fig. 1), from northem
California in the cast. northward throughout the Bering Sca. and westward thronghont the Sca of Okhorsk and
northern Bering Sca. Stocks in the castem Pacific arc managed by the US and Canada via the Internacional Pacific
Halibut Commission, with logal refention restricted largely to hook-and-line fisherics that arc composed of
commercial, recreational. and subsistence sectors. Mortality ratos in all harvest scetors and catch limits in targct
fishrics (Fig. 2. upper) are calculated and applicd, respectively, within a serics of rcgional regulatory arcas (Fig. 2,

lower), and a varicty of policy analyscs and harvest considerations are structured similarly. However. the numertical
stock asscssment is condnered at the coastwide scale on an assumption of population-level panmixis.

F525 b P55 i= 3

The speics can b highly dispersive at nearly ll ife Ristory stages — from larval through spawning adult (Fig, 3)— at
temporal seales ranging from seasonal to generational, But, behaviors such s philopatry, homing (Luber, Fish Res
92:63-69), and limited home ranges (Niclsen e af, Mar Fcol. Prog. See $17-220250), in association with bathymerric and
cnvironmental heterogencity, may contributc to isolation and local adaptation that has the potential to result in
significant population structure. Here, we endeavor fo identify genetie population structure hat might warrsnt
attention at sealss nol addressed within current management structures, #s well to identify genetic signatures that may
serve as o mechanism for further understanding dispersal and mixing.

Prior research
Results from previous analyses of genetic population stucture have suggested subtle genctic differentiation hetween the eastern and
western Pacific, despite the fact that the signal of cach individual study has been limited. Early allozyme analyses (Crant et ai, Can i Fivk.
Agua. S, 41:1083-108¥) observed differentiation between samples from Japan compared to those from the Bering Sea and Gulf of Alaska;
subsequent microsatellite aalyses defeeted differences between Russia and both the Gulf of Alasks and Washington (Beateen er o?, ZPHC
Rep. Assoi. Res. dce. 1998:229-2411, Most recently, Niclsen ef al. (Genericy 11:999-1012) ebserved significant differentiation between samples
collected in the Aleutian Islands relative to individuals fiom the eastern Bering Sea and Gulf of Alaska.

N
“Galf of Aluskn

Recent methodology

Here, samples (N - 198 femsale. 168 male) from adult Pacific halibut that were collected i the castern Pacific Occan from British Columbia
1o the southesstern Bering Sca and westword into the Aleutian Islonds. plus samples from twa locations in the Sca of Okharsk (s - 56
female, 38 male) (Fig. 4) were genatyped using 23 loci and 38 EST-linked mi tes to mvestigate potential
seleetive differences. Expected and observed heterozygosity were caleulated using Genepop vA.2 and the allelic richness (4,) and private
alleles (4} were estimated for cach sampling location using rarefoction with five mdividuals per location using HP-Rarc, After removal
of sex-linked loci. loci deviating from Hardy-Weinberg cquilibrium, and linked loci, overall and pairwise Fy was cstimated and fested
using the techuiques of Weir and Cockerham (Evofision 38:1158-1370) nnvlcmm(cd by Genepop vd.2.
{For full methedology and results see: Drinan e @k, J Figh, Biol. 89:2571-2504.;

Findings

-

£3

‘three ot of 16 neatral microsarelltes were found 1o be linked to sex {present in females and penerally absent in males;)
and suggest that  unlike their Atlantic congener females ae the sex in
Pacific halibut (see Galindo e¢ ol bar Biorechmot 131027.1057). These loci were used to develep sex-identifieation markers
(Dirinan e of...J. Herediiy 108:326-332) that are now routinely used by the IPHC for stock assessment purposes (see poster by
Simeon et ak, this session}.

i
e
H

HEHTE

A

N
R

AEH

Genetie diversity (s, Ap Ho, and Hy) was similar among sampling locations and fow privare alleles were prsent.
Overall £y was 0.0032 and highty significant (s < 0.001) and median £y, vahe for all site-based pairwise comparisons
(Table 1) was 9.0014 {25 and 75% quantilcs = 0.0001 and 0.0074). For individual pairwisc comparisons, significant
differentiation was found in 17 of 28 tests after correcting for mulfiple comparisons (Table 1). Pairwisc comparisons ] e ORI
that included samples from ATU or PTR (western Aleutian Islands) had the greatest median Fyr values while other

sampling locations had median Fy; valnes an order of magnitude smaller (Table 1). Discriminant analysis of principal

components (DAPC) plotting showed evidence of separation into distinct geographic goups with the first dimension

separeting ATU and PTR (both westem Aleutian Tslnds) from «1l other samples: a scoondl dimension sepirated ANT

teentral Aleutians) from all non-Aleutian Tlands samples; and all other samplos elustered wgotber (Fig, )

Implications

The results of the population penetie study suggost that IPHC Rogulatory Area 4B may be composed of two distine substocks of Pacifie

libut units: its castern half representing a westerly extension of o gencrically well-mixed population inhabiting the continental shelf of
Norll Americe; and its woster half representing a somewhat-isolated substock. If truc, regional productivity and stock dynamics may in
western Arca 4B relative to castem 4B, warranting the development of spatially-explicit asscssment or management procedures that can
acvommodat any significant differences befween these substocks.

We hypothesize that isolation of the Western Alcutian pacific halibut may arisc s due to limited migration of benthic-phase mdividuals
across Amchitka Pass (minimum depth - 1150 my in conjunction with Jocalized spawning (Seitz et ol Fisii M. Leof. 24:339-346), retention
of thase Tarvae within eyelonic cuments thit encirele the majar Al tim Tsland Groups (i ¢., the Fox, Andreanof, snd Near-Ran Islands), ind
localized seltlement (TFHC unpublished daia) that resulls i regional selfrecruitment.

Ongoing and future research

AL this junclure, the siudy’s main result i considered provisivnal due 1o the nature of the sample collections: ie., the westem Aleutians
ere o (el SUser v WHIGH Topaents) (M et 47 (aperaive (PEong per il antl THER bre st sscnls 1he ghesl beobabiHiy OF
encowntering reproductive stock mixtures. Tlarts are under wisy @ abiain winier samples. from bolh the eeniral and wesiem Aletian
Islands for further analysis.  Additionally, modern fes inchuding whale-gg ing, may provide further
insights into population structure, dispersal, and mixing: and may allow for the identification of genes under selection. Such genes may
reveal lemporal adaptation 1 rapidly changing environments and to spatial and temporal variance in fishing pressure.

Back to Table 1
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Genetic Sex Identification of Pacific Halibut
(Hippoglossus stenolepis) Commercial Landings

INTERNATIONAL PACIFIC Anna Simecn?, Dan Drinan?, Lorenz Hauser?, Timothy Loher?, Lara Erikson’, lan J. Stewart'and Josep V. Planas’
HALIBUT COMMISSION TInternational Pacific Halibut Commission, Seattle, WA, USA. E-mail: anna.simeon@iphc.int

2University of Washington, School of Aquatic and Fishery Sciences, Seattle, WA, USA

# Throughout the fishery’s history, the sex ratio of commercially-caught Pacific halibut has 2017 Commercial Sex
remained unknown as landed individuals are eviscerated at sea and the sexes are otherwise Ratios within IPHC
indistinguishable. The sex ratio from the IPHC’s fishery independent setline survey (FISS)
has thus far been the only direct source of sex-ratio information.

Regulatory Areas

» Differences in size between individuals landed commercially and on the FISS suggested a
grealer proportion of females in the fishery.

» Drinan et al. 2017 identified two sex-linked single nucleotide polymorphisms (SNPs) able to
distinguish between males and females and described molecular assays to identify an
individual’s sex by these genetic signatures.

British
Columb;

Study Objectives

» Develop multiplex assay for both sex-determining SNPs (twice the data for half the price)

¥ Directly determine the 2017 commercial catch sex ratio through SNP genotyping

Methods

Comparison of 2017 FISS and

10,137 fin clips collected by DNA isolated through Sample genatyping via Commercial Sex Ratios (Legal Size)
IPHC port samplers in 2017 simple, cost cffective multiplexed TagMan qPCR 100 1 by fdepsdent Q 88%
NaOH cxiraction assay ™ Sy eenerial el d12%
i
u
3 ¥ Femal oporti {'the commercial catch ran from 81%
% Amultiplexed TaqMan assay was designed to genotype both SNPs (hs10183, hs23883) simultaneously %'” me],‘:,e“f‘“li; Y,lnuf ;;: e.);: 0, ;]‘erurd ;,d;k(,n; g Lo §1%
using reporter dye pairs FAM/VIC and AUN and reference dye Mustang Purple. Target sequences =2 carans ane oS regions h
were based on those described in Drinan et al. 2017 L 2 ; ; ; ;
g - #  The higher proportion of females in commercial samples
2 versus the FISS samples is likely due to their larger, targeted
) Multicomponca Plot . L] size.
| Male (z2) . T w
| T With this technique, the sex ratio of the commercial catch will be
| 3
‘ A 2B 2c T 3B 4A 4B ACDE monitored annually and vsed in future stock assessments.

References

#  1.5% of genotyped samples display a unique haplotype or combination

Flusrescence Values.

Female (ZW) of haplotypes that do not strictly correspond to cither sex. % Drinan D.P.,, Loher T., & Hauser L. (2017) Identification of
Genomic Regions Associated with Sex in Pacific Halibut
A e » May be caused by an additional SNP in the probe binding regions, Journal of Heredity. 109(3): 326-332.

chromosomal inversion, or something else. Additional sequencing of

i 5 : : I inlormati 1a al www.iphe.int
these regions (to be completed in 2020) will help clarify. View mmore informalion;end datuat v iplic, m

Cyele Numbe

Back to Table 1
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A decade of coastwide environmental monitoring on the annual IPHC fishery-independent
setline survey and practical applications of the data in a spatio-temporal assessment model

Lauri L. Sadorus and Raymond Webster
International Pacific Halibut Commissicn, Seattle, WA, USA, E-mail: lauri.sadorus@iphc.int

Abstract

INTERNATIONAL PACIFIC
HALIBUT COMMISSION

In 2009, the International Pacific Halibut Commission (IPHC) commenced an annual coastwide environmental monitoring program. At each station surveyed during the IPHC's fishery-independent setline
survey (FISS), water column profilers are deployed to collect conductivity (C), temperature (T), pressure (depth; D), dissolved oxygen (DO), pH, and fluorescence (Chl). These data are used to monitor the
conditions of Pacific halibut habitat in North American waters of the Pacific Ocean and Bering Sea. The data have led to a better understanding of the environmental conditions throughout Pacific halibut
habitat, including spatial variability in environmental variables. The monitoring has also enabled the ability to detect annual anomalies such as seasonal hypoxic zones that can greatly affect local Pacific
halibut density. Incorporation of environmental covariates into the IPHC spatio-temporal modelling of density indices allows for the exploration of relationships between Pacific halibut density and
environmental variables. As an example, we present results from modelling of data from surveys of the west coast of the United States of America.

NUMBER OF PROFILES

2000 2001

IPHC environmental monitoring program

el FS station kecatians

purc

profiler @
i

2008

2008

Figre L Mean qeai-tottom DO cancentietion () spanning 20092018
Key 1 00 concentration s 10 the rpTt ard tae back oors represart FiSs
st

Oceanographic

—\ Dissolved oxygen

= Mean near-bottom DO has varied from

hypoxic (< 1.4 miiL) to relatively high (8 mi/L),
+ Hypoxia is sometimes detected at the deepest

FISS stations where deep basin water has
flowed up onto the slope and auter shelf.
+ Shallow water hypoxia is occasionally

detected at FISS stations off the U.S.A. west

coast.

pH |
= During IPHC monitoring, ocean acidity has
generally correlated with DO concentration,
i.e. near-bottom pH levels are higher where
DO is higher and lower where DO is lower.
pH tends to be lower in the east than
elsewhere,
pH tends to be lower at deeper stations
compared to shallow stations.

Purpose

R T

Figure 2. Mean nia-biottzrn pil sparing 2008 2018, Key Lo plf et = Lo the

conditions on the Pacific halibut grounds.

S Chiorophyll

mgfmé.

more narow at 0-428 mg/m?.

2009-2018 time period,

end of the range.
HRUIE. 4. Lt inTogmtesd shinrsphyl @ eoacearran imgim| for| o
L il sarvy v, 2030 ar 2017, in e Gl of sk, Ky is
o the g ang e

ML a0 the biacs dots

ey

wra oolloces

Region 2.

to envir tal effects

Spatio-temporal g

+ The IPHC uses a spatio-lemporal model (Webster el al. In review) to examine distribution
and density changes of Pacific halibut throughout the monitared area,

Modelling output is used in the IPHC stock assessment, and ensures standardized

treatment of data inputs across areas and time, while accounting for process and sampling

uncertainty.

changes driven by aceanographic conditions.

Recenlly, environmental covariates have been added ta the analysis to examine distribution

To date, spatic-temporal modeling has provided strong evidence of relationships between

Pacific halibut cateh rates and environmental covariates, such as dissolved oxygen and

temperature.

References

BaOns L L MRS N S S iy B, A Ham, 6 7 S pars
- Fah

Coosangy 53(3): 225 241

Satorue. L. Weser ., a1 Sulivan, b 2016, IPHE Doesnogiaphic cali colloebon piagian 2000 2012, Inl 7sc. Halisul Camn. ech, Rea. 58 22

SHeEr, 1 509 Foks, A 2610, 2019 305 el (Ap0oginssis
A Repe P 3

e vin, et P
“Wetater R. &, Saceiund, E, Dyketra, . L., ard Siewert 1 . In rertewr.

p
SEAnONEpia) $195K SEFRIANL DISISPIANT [N FPac. MR GErm, SSantic Revien S3snd [A5eing, Ane 2625, 2015 B

F Pt nalnut (HRCQIRSSIS SISI0SRSE 1N (SR 6 SRAENarts] vAnanics sarg the
i

~ Highly variable spatially and temporally.
+ In example year 2010, mean chiorophyll
was 32 mg/m? and ranged from 0-1,334 prryTl

In example year 2017, the mean was TEmER LT -
greater at 86 mg/m?, but the range was

Temperature —

« Near-bottom mean temperature
increased in all regions profiled over the

= All areas indicate fluctuations between i |
i warmer and colder years at the higher |

Increase in minimum temperature in the
most recent years in all regions except

on Pacific halibut distribution

< T
jtiil}
=T

Region2 segan s

Figure 4. Ohseryed near-Cactom tempes T [°C| SpaNNing 2009-2014. Region dasignations

Example

Tongituge [ [

Faura 5. Estnated DO In nerther Regulatory 4723 22 a 2017 flzh panal) 3nd central Ar2a 24 In 2018 {rlaht paral with
£ walrs fram the. 6

In 2017, the FISS encountered a large number of tightly clustered
stations off the northwest USA coast that caught zero Pacific halibut,
where fish are normally encountered.

A previous study (Sadorus et al. 2014) found that Pacific halibut have
a minimum DO concentration threshold of about 0.9 mliL, i.e. they
avoid DO below this level.

Model results canfirmed that there was strong evidence that Pacific
halibut density indices were dependent on the DO covariate.

In 2018, low levels of DO were also observed aver a wide area,
Hawever the affected zone typically has relatively low Pacific halibut
catch rates, and the hypoxic statians were interspersed with stations
above the minimum DO threshold. The result was that hypoxia did not
have nearly the distributional impact in 2018 as it did in 2017.
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Identification and characterization of FSHf and LHB
in female Pacific halibut (Hippoglossus stenolepis)

INTERNATIONAL PACIFIC

Kennedy Bolstad'!, Anna Simeon' and Josep V. Planas'

(2
«« 1lnternational Pacific Halibut Commission, Seattle, WA, USA
INTRODUCTION

Determining the maturity schedules of Pacific halibut (Hippoglossus stenolepis) is an important component of quantifying the spawning stock biomass used to establish
management regulations by the International Pacific Halibut Commission (IPHC). Currently, this is assessed using macroscopic gonadal observations made during the Fishery
Independent Setline Survey (FISS) that is conducted annually by the IPHC. However, this assessment method has not been verified histologically, so the codes assigned to females
may not represent their actual maturity status. Gonadotropic hormones such as follicle stimulating hormone beta (FSHB) and luteinizing hormone beta (LHB) are key
orchestrators of reproduction in teleosts and tetrapods. Therefore, they may serve as reproductive markers for gametogenesis and vitellogenesis (FSHB) and final maturation and
spawning phases (LHB). Using reproductive markers may contribute to resolving uncertainties about the stock’s spawning biomass through refining maturity estimates.

Phylogenetic analysis of teleost FSHB and LHB deduced protein
sequences nest Pacific halibut sequences in the flatfish clade

MATERIALS AND METHODS

Pituitary samples were collected from adult non-spawning (N = 7) and
spawning (N = 5) Pacific halibut in the Portlock region of Alaska in 2018. A FSHpB B
From these samples, RNA was extracted and reverse transcribed into cDNA.
Gene expression analysis was conducted using gPCR and FSHB and LHB
primers designed against Pacific halibut full-length cDNA sequences obtained
by RNA sequencing of male and female Pacific halibut pituitaries.
Housekeeping genes, EEF1A1 and GAPDH were used as the contrals.

LHB

Sr— .
- Epa—

Extract RNA from
pituitaries

RT-PCR into cDNA B
Figure 2. A phyl tic tree ing the FSHB (A) and LHP (B) protein sequence of Pacific
halibut (Hippoglossus stenolepis) to other teleosts. This tree was constructed using the neighbor-

qPCR: FSHB and LHB joining method
T FSHB and LHB mRNA sequences share the highest percent identify
with Atlantic halibut (Hippoglossus hippoglossus)

Compare non-spawning FSHB

and spawning samples

pogioseue mAR, o 41 e i

o ST it pey

RESULTS

» Pacific halibut FSHB and LHB deduced protein sequences
show a high degree of homology with corresponding
flatfish sequences

Uipzreer ma

+ The expression levels of FSHB and LHB are higher in spawning than in

A
n 7 ; o i
e R— q non-spawning female Pacific halibut
Ahal -FSHE SKEGPDKQH
0f10.FSHE  —neennns hocHrvenevvi seTapacar]
Sf1o-F5HE I PLAVLA- H H EDPVYISETGPAKQRI] A B
Csol-FSHR - MOLVVMAAVELA. H HEDPHNYVM - - GMDR QM| 3 7
Ssol-FSHE oL LA- 1 H IEDPNYIHELGMDRQVI] = 6 *
Tsol-FSME  MWFSRAPKRVQUVVMALVLA-MVCPGRERT t QG- - RQQUK ] g * 5
s noUWMAAVE bk 1 g 5
- 158 5 2 4
Phal -FSHE NGDMSY EVICH TN T 1fjiooroffpepcore -- E
Ahal-FSHE  NGOMSYEVKMINGHPwAVE £ F) 3
Oflo-FSHE  MGOWSYEAKHINGHPwe PGULP =
S¥lo-FSHE NGOWTY EVKH INGEPVAVTYPVAR 1 FPGOLP: 2 2
Cs01-FSHE  NGOWTY PGETT = .
Seol-FSHE  NGOMTYEWR gitiE 12} =
Teol -FSHE  NGDWTYMEKRIDGPEEVT L ETIP ] y
Turb -FSHE NGDWSY EAK) PVAS] The GRT - cswresssswesses - e 0 0
= January July January July
B. i [ ;
Phal-Lis MLAEQISVRVKLPLTLIFFL - - ~ssmmptLaravaruelch tgrvst exedp}rve ] KDPVIKIPF
Anal-LM8  METEQISVRVKLPLTLIFFL.--ssvupLapavaFQLPHCh Tkgrrse execkfrverT xIPF ) i i .
OFlo-LHE  -MSMQESLRVKVPLTLIFFL . . -SSMAPLAPAVAFQLP YL LTIQMUSL ETT i 3. Relative expression levels for FSHB (A) and LHB (B) from spawning (January) and non-spawning
Sflo-LHE ~MSMQLS LRVKIPLTLIFFL SSMHP LAPAEAFQLP! LIKQMVS LI ETT. IPF o
Csol-IHE  MATEQIR-RLTFHLTLTVLL sqchrwmTvsten =5 K (July) Pacific halibut. July samples are set as the reference (=1).
Ssol-LHE  MAGVQIR-RUTFHLTLTVLLGSST qusifchongrvsie Tr KIPF
TSOL-LHE  MLVAVQMHRLIVHLTLTLLLPASSPOMLLTPAARFMLPCDL TNGTVSLE verikfothrkernrivey
N T . WIHLTL - -LLGasssvwpLapaaaL ELPicE e suexedkbrrfweTrifcharRriepsTIsen CONCLUSIONS
- _ s
Pral - e —uvgeffreevnarr eLedfbrovorrvsvevavslEH - sesigrorffsoreevo
i il 2 G bbb 11 e | ek * The nucleotide and deduced protein sequences of FSHB and LHB are now available for the first
Sflo. VQELYVKTEELPOE P PGVDRTVS YRV o ponrsdel - soseoetfmoeevo time in Pacific halibut.
Csol MY YQEVHYKTFHLP PGVDPSVTYPVA) A pOMSOCE - YES LQPOIEFNOILFYY
Ssol - - - - -LNMY QOVHYKTFHLPOCE PGVDP SVTVPAVAV! SO - YESLQPDIEINOTLFYY + The high homologies of the FSHPB and LHP nuclectide and protein sequences from Pacific halibut
Tsol YRMPSFQSPFNVF YEHVHYKTF ELPOCPPGVDPT ITYPVAL prackadkl -VES LRPOTEIMOVLFNY = 5 . L 2 =
TuPB-LHE  -eeeeee o LKUTY YRELHYRTVQLP L i Loty with respect to other flatfish species, indicate a high degree of evolutionary conservation of

gonadotropic hormones.
Figure 1. Protein sequence alignments of Pacific halibut FSHB (A) and LHB (B) The higher overall relative FSHB and LHB mRNA expression levels in the pituitary from spawning
with other hf_la:rlﬁh species. The inserted da:hes _Selnf to align the cysteine over non-spawning female Pacific halibut are indicative of the functional conservation of these
ﬁ:iﬂ:’ﬁi:’ solid boxes, Spsl:i:: e (Phal),s:ilsar:’lﬁ et s e it ) )
halibut {Ahal), olive flounder (Oflo), southern flounder (Sflo), common sole (Csol), QOverall, this study highlights the potential of the identified and characterized reproductive
Senegalese sole (Ssol), tongue sole (Tsol), and turbot (Turb). markers to help refine Pacific halibut maturity estimates
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INTERNATIONAL PACIFIC
HALIBUT COMMISSION

Biological and Ecosystem Science Program

Oocyte stages and development in female
Pacific Halibut (Hippoglossus stenolepis)

INTRODUCTION

Each year, the fishery-independent setline survey collects biological data on the maturity of female Pacific halibut that

are used in the stock assessment. In particular, the female maturity schedule is used to estimate spawning stock hiomass.
Currently used estimates of maturity-at-age indicate that the age at which 50% of female Pacific halibut are sexually
mature is 11.6 years on average. However, not only is maturity estimated with the use of macroscopic visual criteria,
incurring a relative level of uncertainty that is associated with semi-quantitative criteria, but the estimates of maturity-
at-age have not been revised in recent years and may be outdated. For this reason, efforts need to be put in place to
further understand reproductive maturity in female Pacific halibut. Unfortunately, relatively little is known regarding the
changes that take place in the ovary during reproductive development leading to spawning in this species. This study
aims to describe oocyte (immature egg) development in female Pacific halibut by comparing oocyte stages and

characteristics between the non-spawning season (summer) and the spawning season (winter).

MATERIALS AND METHODS

Ovaries were collected from Pacific halibut females captured in three
geographical regions (Fig. 1), two in the central and south Gulf of Alaska
(Portlock and Haida Gwaii, respectively) and one in the southeast Bering
Sea (Misty Moon), during the winter (Jan-Feb, 2004) and summer (June-
July, 2004} periods. Ovaries were fixed in buffered formalin, embedded in
paraffin and sections were mounted on glass slides. Two slides for each
ovary were stained with Hematoxylin and Eosin. From each slide, the
diameters of 10 randomly selected oocytes were measured, yielding a total
of 20 measured oocytes per ovary analyzed. Measures were conducted
using the Image-Pro Premier 9.1 software.

fing: 133tamates an.-Fat. 2004) o
lig; 176 Temnals -y 7634] ¥

Figure 1. Geographic location of sample collection sites. Summer collection sites {non-
spawning season) are indicated by a red star and winter collection sites (spawning season)
are indicated by a black box. The number of females collected at each site is indicated.

RESULTS

= Qocyte classification
A

Late volkcGranuis _ Prim

..:'a_- ¢ i @SJA

Early Vitellagenesis M Viellogenesis

Socandary Yolk Globule Tertiary Yolk Giobuls  Migrating &Y.

Catevisliogenesis Maturing

carly PH  0.258 £0.04 (0,178.0.311)
late P 0.331 40.08 (0.221-0.452)

A 0.306 £0.10 (0.329-0.743)
early VIG  0.776 £0.13 (0.392-1.023)
mid VTG  0.869 20,12 (0.546-1.158)
Ise VTG 0.850 £029 (0.639-1.621)
Maturing  1.263 +0.30 {0.692-1.599)
Mature 1,406 +0.05

Figure 2. Pacific halibut oocyte stages and diameters. A) Pictures of representative oocytes at
the various stages during cocyte development. B} Oocyte diameters (in millimeters) at different
stages in oocyte Qocyte stage ification included oocytes at the early and late

E E perinucleolar (PN}, cortical alveoli (CA), mid and late vitellogenesis (VTG), maturing (migrating

germinal vesicle [GV]) and mature stages. The range of oocyte diameters is indicated within
parenthasis.

* Oocyte size distribution

Percentage of fotal measured {%)

Figure 3. Pacific halibut oocyte distribution in females caught in summer and winter periods. Oocyte
size categoriesare in milli and are shown as. the total number of oocytes measured.

» Oocyte stage classification: Summer versus Winter

3 Summer

Percentage of total measured (%)

10
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Figure 4. Pacific hatibut oocyte stages in females caught in the Summer (A) and Winter (B).
Oocyte stage classification included oocytes at the early and late perinucleolar (PN), cortical
alveoli {CA), mid and late vitellogenesis (VTG), maturing and mature stages.

CONCLUSIONS

* This study represents the first attempt at describing ovarian development in
Pacific halibut.

* Oocyte stages have been identified and can be used for accurate ovarian
staging.

» The ovary of Pacific halibut contains a predominant population of early
vitellogenic ooccytes that is likely recruited during the Fall for Winter
spawning.

« The observed differences in oocyte stages between Summer and Winter are
indicative of the seasonal progression of ovarian development.

* Further studies are needed to complete the description of the annual
reproductive cycle in this species.

ACKNOWLEDGEMENTS. Thanks to Collin Winkowsky for her help with oocyte measurements and Joan
Forsberg, Chris Johnston and Robert Tobin for their help with data analysis.
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