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Report on Current and Future Biological and Ecosystem Science Research Activities 

PREPARED BY: IPHC SECRETARIAT (J. PLANAS, C. DYKSTRA, A. JASONOWICZ, C. JONES, 23 AUGUST 2024) 

PURPOSE 
To provide the Scientific Review Board with a description of progress towards research activities 
described in the IPHC’s five-year Program of Integrated Research and Monitoring (2022-2026). 
BACKGROUND 
The primary biological and ecological research activities at the IPHC that follow Commission 
objectives are identified and described in the IPHC Five-Year Program of Integrated Research 
and Monitoring (2022-2026). These activities are integrated with stock assessment (SA) and the 
management strategy evaluation (MSE) processes (Appendix I) and are summarized in five main 
areas, as follows:  

1) Migration and Population Dynamics. Studies are aimed at improving current knowledge 
of Pacific halibut migration and population dynamics throughout all life stages in order to 
achieve a complete understanding of stock structure and distribution across the entire 
distribution range of Pacific halibut in the North Pacific Ocean and the biotic and abiotic 
factors that influence it. 

2) Reproduction. Studies are aimed at providing information on the sex ratio of the 
commercial catch and to improve current estimates of maturity and fecundity.  

3) Growth. Studies are aimed at describing the role of factors responsible for the observed 
changes in size-at-age and at evaluating growth and physiological condition in Pacific 
halibut.  

4) Mortality and Survival Assessment. Studies are aimed at providing updated estimates of 
discard mortality rates in the guided recreational fisheries and at evaluating methods for 
reducing mortality of Pacific halibut.  

5) Fishing Technology. Studies are aimed at developing methods that involve modifications 
of fishing gear with the purpose of reducing Pacific halibut mortality due to depredation 
and bycatch.  

A ranked list of biological uncertainties and parameters for SA (Appendix II) and the MSE 
process (Appendix III) and their links to research activities and outcomes derived from the five-
year research plan are provided. 
 
SRB RECOMMENDATIONS AND REQUESTS 
The SRB issued several recommendations and requests in their report of SRB024 (IPHC-2024-
SRB024-R) in relation to presentation IPHC-2024-SRB024-09:  

SRB024–Rec.07 (para. 28) The SRB RECOMMENDED that the Secretariat examine the 
relationship between blood markers of stress and recapture category (recaptured vs. still at 
large) to determine whether blood markers may be predictive of recreational charter sector 
discard mortality. 

https://www.iphc.int/uploads/pdf/5yrirm/iphc-2022-5yrirm.pdf
https://www.iphc.int/uploads/pdf/5yrirm/iphc-2022-5yrirm.pdf
https://www.iphc.int/uploads/2024/06/IPHC-2024-SRB024-R-Report-of-the-SRB024.pdf
https://www.iphc.int/uploads/2024/06/IPHC-2024-SRB024-R-Report-of-the-SRB024.pdf
https://www.iphc.int/uploads/2024/06/IPHC-2024-SRB024-09-Rev_1-ppt-BES-Progress-Report.pdf
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 Comparison of the levels of blood markers of stress (glucose, lactate, and cortisol) measured 
in Pacific halibut prior to release between fish recaptured vs. fish still at large, showed that 
they were not predictive of survivability (see Figure 14, this report). 

 

SRB024–Rec.08 (para. 29) The SRB NOTED the analysis of depensation presented in paper 
IPHC-2024-SRB024-07, and RECOMMENDED: 

a) fitting a depensatory stock-recruitment model to estimate the depensation 
parameter value; 

b) operating model stress tests in the MSE with and without depensation across a 
range of plausible fishing intensities. 

 The IPHC Secretariat is currently studying this recommendation in the context of the goals 
and objectives of the 5Y-PRIM 2022-2026. 

 

SRB024–Rec.09  (para. 30) The SRB NOTED the Secretariat’s studies of Pacific halibut stock 
structure based on genomics are nearing completion and suggest very limited genetic 
differentiation among individuals across the northeast Pacific and RECOMMENDED that: 

a) the Secretariat test for stock structure using only male Pacific halibut; 

b) the Secretariat prepare a manuscript for submission to a peer-reviewed scientific 
journal; 

c) subject to the results from recommendation a (above), revise the 5-Year Program 
of Integrated Research and Monitoring to deprioritize stock structure studies as 
well as consideration of separate assessments of different stock components. 

 The IPHC Secretariat has conducted additional analyses to evaluate stock structure using 
male Pacific halibut and was not able to detect discrete genetic groups of Pacific halibut using 
only males (Figure 1C, this report). The IPHC Secretariat intends to submit a manuscript for 
publication in a peer-reviewed journal and is currently directing efforts to do so. 

 

SRB024–Rec.10 (para. 31) The SRB NOTED the preliminary results on the regional and 
coastwide maturity schedules using samples collected during the 2022 FISS and 
RECOMMENDED that the Secretariat continue similar analyses with samples from the 
reduced 2023 FISS to evaluate possible temporal patterns in maturity schedules. 

 The IPHC Secretariat is currently finalizing the histological analyses of samples collected 
during the reduced 2023 FISS and will present preliminary results at the SRB025 meeting. 

 

https://www.iphc.int/uploads/2024/05/IPHC-2024-SRB024-07-MSE-updates.pdf
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SRB024–Req.02 (para. 27) The SRB NOTED the successful proposal to Alaska Sea Grant for 
development of genetic-based aging methods and REQUESTED that the Secretariat 
articulate how these methods address specific priorities for the stock assessment and/or 
MSE or other IPHC goals. 

 

 Age estimations are critical to our understanding of the composition of the stock for 
sustainable management, of historical changes in size-at-age, maturity-at-age, year class 
strength, mortality, etc., as well as of the response of the Pacific halibut stock to current and 
future climate variability. DNA methylation-based aging is a well-established alternate aging 
method in fish species. The potential importance of this method for Pacific halibut relies on 
its accuracy, high-throughput capability and the lack of reliance on terminal samples (e.g. 
otoliths). This method can provide age information to research projects and applications 
involving live Pacific halibut, including migration and discard survival studies using tags or 
image recognition, captive studies, etc., allowing for the first time to relate age to specific life 
history characteristics in live fish. Furthermore, this method could allow for estimating the 
age composition of Pacific halibut discarded by non-directed fisheries (e.g., trawl). 

 

UPDATE ON PROGRESS ON THE MAIN RESEARCH ACTIVITIES 
1. Migration and Population Dynamics.  

The IPHC Secretariat is currently focusing on studies that incorporate genomics approaches 
in order to produce useful information on population structure, distribution and connectivity 
of Pacific halibut. The relevance of research outcomes from these activities for stock 
assessment (SA) resides (1) in the introduction of possible changes in the structure of future 
stock assessments, as separate assessments may be constructed if functionally isolated 
components of the population are found (e.g. IPHC Regulatory Area 4B), and (2) in the 
improvement of productivity estimates, as this information may be used to define 
management targets for minimum spawning biomass by Biological Region. These research 
outcomes provide the second and third top ranked biological inputs into SA (Appendix II). 
Furthermore, the relevance of these research outcomes for the MSE process is in biological 
parameterization and validation of movement estimates, on one hand, and of recruitment 
distribution, on the other hand (Appendix III). 
 

 
1.1. Population genomics. The primary objective of these studies is to investigate the genetic 

structure of the Pacific halibut population and to conduct genetic analyses to inform on 
Pacific halibut movement and distribution within the Convention Area 
 
Details on sample collection, sequencing, bioinformatic processing and proposed 
analyses utilizing low-coverage whole genome sequencing (lcWGR) to investigate Pacific 
halibut population structure were provided in documents IPHC-2021-SRB018-08, IPHC-
2022-SRB021-09, IPHC-2023-SRB022-09 and IPHC-2024-SRB024-09.  
 

https://www.iphc.int/uploads/pdf/srb/srb018/iphc-2021-srb018-08.pdf
https://www.iphc.int/uploads/pdf/srb/srb021/iphc-2022-srb021-09.pdf
https://www.iphc.int/uploads/pdf/srb/srb021/iphc-2022-srb021-09.pdf
https://www.iphc.int/uploads/pdf/srb/srb022/iphc-2023-srb022-09.pdf
https://www.iphc.int/uploads/2024/05/IPHC-2024-SRB024-09-BES-Progress-Report.pdf
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1.1.1. Methods. To explore the potential for differences in migratory behavior between males 
and females that could potentially lead to sex-specific patterns of population structure, 
additional analysis has been carried out. Following the procedure used to analyze all 
samples (IPHC-2024-SRB024-09), we used principal components analysis (PCA), 
followed by k-means clustering to examine patterns of population structure for each 
sex independently. First, PCAngsd (v1.2) (Meisner and Albrechtsen 2018) was used 
to estimate separate covariance matrices for males and females using only single 
nucleotide polymorphisms (SNPs) with a minor allele frequency (MAF) of at least 0.05. 
Eigendecomposition was performed in R (v4.2.2) (R Core Team 2022) using the eigen 
function. Scree plots of the first 10 eigenvalues from the PCA for each sex were plotted 
and Cattell’s rule (Cattell 1966) was used to determine how many principal 
components (PCs) to retain for k-means clustering. K-means clustering was 
performed for each sex on the retained PCs using the kmeans function in R. To 
determine the optimal number of clusters (K) present in the data, we tested a range of 
K values (1 to 20) and used total within-cluster sum of squares (WSS) and Bayesian 
information criterion (BIC) to compare the K values tested and identify the best 
supported number of clusters. 
 

1.1.2. Results. We retained 4.83 million SNPs and 4.78 million SNPs with a MAF ≥ 0.05 for 
the male and female specific PCAs respectively. Inspection of the top two PCs 
indicated a lack of population structure for both males and females (Figure 1). A single 
cluster of individuals was formed for each sex with a large degree of overlap among 
geographic areas (Figure 1). For both males and females, only the first three PCs 
were retained for k-means clustering of each dataset (Figure 2). Similar to the results 
obtained using the entire dataset (see IPHC-2024-SRB024-09), we observed a 
continual decay of total within-clusters sum of squares and BIC for both males and 
females as increasing values of K were tested (Figure 3). For both males and females, 
this is consistent with the lack of discrete genetic groups observed in Figure 1. 

 

 

Figure 1. PCA biplots of the first two PC axes for Pacific halibut collected in IPHC Convention 
Waters. Both sexes were analyzed together (A, n=570), females only (B, n=281) and males only 
(C, n=289). PCA Samples are colored by geographic area in all panels with 95% confidence 
ellipses drawn for each geographic area. 

 

https://www.iphc.int/uploads/2024/05/IPHC-2024-SRB024-09-BES-Progress-Report.pdf
https://www.iphc.int/uploads/2024/05/IPHC-2024-SRB024-09-BES-Progress-Report.pdf
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Figure 2. Scree plot of the eigenvalues for the first 10 principal components (PCs) for female 
(blue) and male (yellow) specific PCAs.  

 

 

Figure 3.Total within-clusters sum of squares (A) and Bayesian information criterion (B) for 
each value of K tested (1-20), females are plotted in blue and males in yellow. 

 

1.1.3. Conclusions. The lack of structure observed when males and females are analyzed 
independently of one another is consistent with previously reported results (see IPHC-
2024-SRB024-09) that did not detect discrete genetic groups of Pacific halibut in the 
northeast Pacific Ocean. While the pattern observed in the male only PCA (Figure 1C) 
is very similar to the pattern observed when both sexes are analyzed together (Figure 
1A), there are subtle differences in the patterns observed in the male only (Figure 1C) 
when compared to female only (Figure 1B) PCAs, specifically with respect to the 
males collected in the central Gulf of Alaska. Despite these subtle differences, a large 
amount of overlap among geographic areas exists regardless of whether each sex is 
analyzed independently or together, suggesting considerable geneflow among the 
geographic areas sampled for this study.  

 
2. Reproduction.  

 
Research activities in this Research Area aim at providing information on key biological 
processes related to reproduction in Pacific halibut (maturity and fecundity) and to provide 
sex ratio information of Pacific halibut commercial landings. The relevance of research 

https://www.iphc.int/uploads/2024/05/IPHC-2024-SRB024-09-BES-Progress-Report.pdf
https://www.iphc.int/uploads/2024/05/IPHC-2024-SRB024-09-BES-Progress-Report.pdf
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outcomes from these activities for stock assessment (SA) is in the scaling of Pacific halibut 
biomass and in the estimation of reference points and fishing intensity. These research 
outputs will result in a revision of current maturity schedules and will be included as inputs 
into the SA (Appendix II), and represent some of the most important biological inputs for stock 
assessment (please see document IPHC-2021-SRB018-06). The relevance of these 
research outcomes for the management and strategy evaluation (MSE) process is in the 
improvement of the simulation of spawning biomass in the Operating Model (Appendix III).  
 

2.1. Sex ratio of the commercial landings. The IPHC Secretariat is finalizing the processing of 
genetic samples from the 2023 aged commercial landings. 
 

2.2. Reproductive assessment. Recent sensitivity analyses have shown the importance of 
changes in spawning output due to changes in maturity schedules and/or skip spawning 
and fecundity for SA (Stewart and Hicks, 2018). Information on these key reproductive 
parameters provides direct input to the SA. For example, information on fecundity-at-age 
and -size could be used to replace spawning biomass with egg output as the metric of 
reproductive capability in the SA and management reference points. This information 
highlights the need for a better understanding of factors influencing reproductive biology 
and success of Pacific halibut. In order to fill existing knowledge gaps related to the 
reproductive biology of female Pacific halibut, research efforts are devoted to 
characterizing female reproduction in this species. Specific objectives of current studies 
include: 1) update of maturity schedules based on histological-based data; and 2) 
fecundity estimations. 

 
2.2.1. Update of maturity schedules based on histological-based data. The IPHC Secretariat 

is undertaking studies to revise maturity schedules in all four IPHC Biological Regions 
through histological (i.e. microscopic) characterization of maturity, as reported 
previously. The coastwide maturity schedule (i.e. the proportion of mature females by 
age) that is currently used in SA was based on visual (i.e. macroscopic) maturity 
classification in the field (Fishery-independent Setline Survey (FISS)). To accomplish 
this objective, the IPHC Secretariat has collected ovarian samples for histology during 
the 2022 and 2023 FISS. The 2022 FISS sampling resulted in a total of 1,023 ovarian 
samples collected. Due to a reduced FISS design in 2023, sampling only occurred in 
Biological Regions 2 and 3. A total of 1,111 ovarian samples were collected from 333 
distinct FISS stations, with 403 ovarian samples from Biological Region 2 and 708 
samples from Biological Region 3. A total of 2,134 ovarian samples have been 
collected for 2022 and 2023 (Figure 4). 

 
 

https://www.iphc.int/uploads/pdf/srb/srb018/iphc-2021-srb018-06.pdf
https://www.iphc.int/uploads/pdf/am/2018am/iphc-2018-am094-10.pdf
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Figure 4. Map of 2022 and 2023 maturity samples for histology collected on FISS. Red dots 
(2022) and blue dots (2023) indicate a distinct FISS station in which a sample was collected. 

 
When examining the temporal component of sampling (by week) in 2023, sample 
collection took place from the end of May (week 21) to the end of August (week 35) in 
Biological Region 2, and beginning of June (week 22) to the middle of August (week 
33) in Biological Region 3. Biological Regions 2 and 3 both had consistent collection 
(no gaps) across time in 2023 (Figure 5).  
 

 
 

Figure 5. Timing of maturity sample collection on the 2023 FISS. The size of the bubbles 
indicates the number of samples collected at each bin during week of calendar year. 
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When examining the age and length distribution of fish collected for sampling in 2022 
and 2023, the distribution of fish appeared to be right-skewed for both parameters, but 
more pronounced for age (Figure 6). For the samples collected in 2023, the total range 
of ages was from 5 to 33 years old, and the total range of lengths was from 50 to 190 
cm. The largest proportion of sampled fish was from 7 to 10 years old, and from 80 to 
90 cm in length. A Welch’s two sample t-test was used to determine differences 
between age and length samples for 2022 and 2023. No significant difference was 
found among years for age (t(1994.2) = -1.71, p = 0.09) and length (t(1984.4) = 1.75, 
p = 0.08) (Figure 7). 
 
 

 
Figure 6. Histograms showing distribution of age and length of female Pacific halibut collected 
for maturity samples in the 2022 (red) and 2023 (blue) FISS. The purple color indicates overlap 
between the two years. 
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Figure 7. Boxplots showing distribution of age and length of female Pacific halibut collected for 
maturity samples in the 2022 (red) and 2023 (blue) FISS. 

 
Ovarian samples from 2022 and 2023 were processed for histology and IPHC 
Secretariat staff finalized scoring samples for maturity using histological maturity 
classifications, as previously described in Fish et al. (2020, 2022). Following this 
maturity classification criteria, all sampled Pacific halibut females were assigned to 
either the mature or immature categories. Mature female Pacific halibut are deemed 
to have at least reached early vitellogenesis (Vtg1) for oocyte development. 
Maturity ogives (i.e., the relationships between the probability of maturity determined 
by histological assessments and variables including IPHC Biological Region, age, and 
year) were estimated by fitting generalized linear models (GLM) and generalized 
additive models (GAM) with logit link (i.e., logistic regression). That is, if pi is the 
probability that the ith sampled fish is mature, then the model is: 
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where xm,i is the value of the mth variable in the model for fish i (e.g., age, log(age), 
length, etc). The βm are the coefficients to be estimated when fitting the model.  
Alternative models were compared using the Akaike information criterion (AIC, Akaike 
1973), with smaller AIC values indicating better fitting models (Table 1). The models 
fitted with log(age) provided a better fit, with the estimated curves better matching the 
steep rise in the proportion of mature females from age 6 to 8, and subsequent slower 
increase for older fish. For GLM, models were fitted using function glm from the stats 
package (R Core Team 2013) in R 4.3.2.  
 
IPHC Secretariat first re-ran the best-fit GLM (Figure 8) and GAM (Figure 9) models 
using log(Age) and Region for the 2023 samples. For the GLM, Biological Region 2 is 
once again showing higher maturity-at-age than Biological Region 3. With more 
individuals classified as mature for 2023 than 2022, the rate of maturation in Biological 
Region 2 increased at younger ages causing the steepness of curve to also increase. 
Biological Region 3 showed similar trends in maturity-at-age when comparing 2022 
and 2023. For the GAM, we can use the effective degrees of freedom (edf) to quantify 
differences of non-linearity among curves. The edf is a summary statistic of GAM and 
it reflects the degree of non-linearity of a curve, with an edf equal to 1 being equivalent 
to a linear relationship (Wood 2006). The curve of Biological Region 2 increased in 
non-linearity from 2022 to 2023 (Table 2). This is most likely due to the increased 
steepness and bend of curve near age 15 (Figure 9). The curve of Biological Region 
3 showed similar trends to 2022 but has a lower edf value (Figure 9). This is due to 
less non-linearity from ages 8-12. The GAM models, once again, do a better job of 
capturing the initial rise of maturity at age 7 and also show greater uncertainty at older 
ages (25+) where sample sizes are small. 
 
Incorporating both 2022 and 2023 samples, IPHC Secretariat tested multiple models 
for both GLM and GAM using year as a factor. GLM Model #4 showed the lowest AIC 
value and was used for further analysis (Table 1). The best-fit GLM showed very 
similar trends when compared to model outputs using 2022 and 2023 as separate 
model runs (Figure 10). After including year into the GLM, the model still shows a 
small percentage of females mature at the age of 5 and 6. Using histological methods 
we know this not to be true. The two models tested using year as a factor for the GAM 
gave equal AIC values (Table 1). IPHC Secretariat chose to use GAM Model #3 as it 
is more similar to the best-fit GLM model, and adding an additional smoothing function 
to the GAM would overcomplicate it without improving the fit. An extra year of data 
increased the edf (3.4) for Biological Region 2, while decreasing the edf (2.82) for 
Biological Region 3. With model runs being very similar in Biological Region 3 for 2022 
and 2023, the GAM is doing a nice job of smoothing out the curve. Biological Regions 
4 and 4B remained the same as no samples were collected there in 2023. When 
compared to the GLM, the GAM model is doing a better job of capturing the initial 
steep rise in female maturity from age 6 to 8, while also showing greater uncertainty 
in female maturity after age 25 due to small sample sizes (Figure 11). 
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GLM or GAM 

 
Model # Model AIC 

GLM 1 log(Age) * Region 1858.7 
GLM 2 log(Age) * Region + Year 1811.7 
GLM 3 log(Age) * Region + log(Age) * Year 1812 
GLM 4 log(Age) * Region + Year * Region 1807 
GLM 5 log(Age) * Region + log(Age) * Year + Year * Region 1808.2 
GLM 6 log(Age) * Region * Year 1809.2 
GAM 1 s(log(Age) * Region) 1832.4 
GAM 2 s(log(Age) * Region) + s(log(Age) * Year) 1778.9 
GAM 3 s(log(Age) * Region) + Region * Year 1778.9 

 
Table 1. Generalized linear model (GLM) and generalized additive model (GAM) comparisons 
with lower Akaike information criterion (AIC) values indicating better fitting models. 
 

 Model Output Year(s) 
Region 2022 2023 2022/2023 

2 1.03 2.74 3.4 

3 5.01 2.48 2.82 

4 1.58  1.58 

4B 1.1  1.1 

 
Table 2. Effective degrees of freedom (edf) values from best-fit generalized additive model (GAM) 
outputs. 

 
IPHC Secretariat continues to collect ovarian samples in the 2024 FISS. Targets for 
2024 were to collect 400 samples in Biological Regions 2 and 3, and 552 in Biological 
Region 4. These samples will allow us to further investigate both spatial and temporal 
differences in histological-based female Pacific halibut maturity.  
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Figure 8. Female Pacific halibut age at maturity by IPHC Biological Region in 2023 using best-fit 
GLM, with color shading indicating 95% CI for each IPHC Biological Region. 
.  
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Figure 9. Female Pacific halibut length at maturity by IPHC Biological Region in 2023 using 
best-fit GAM, with color shading indicating 95% CI for each IPHC Biological Region. 
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Figure 10. Female Pacific halibut age at maturity by IPHC Biological Region and year using best-
fit GLM, with color shading indicating 95% CI for each IPHC Biological Region. 
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Figure 11. Female Pacific halibut age at maturity by IPHC Biological Region and year using best-
fit GAM, with color shading indicating 95% CI for each IPHC Biological Region. 
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Figure 12. Comparison of age, length, net weight, and Fulton’s condition factor (K) for mature 
individuals by IPHC Biological Region in 2023. Star symbol (*) indicates statistically significant 
differences among regions. 



IPHC-2024-SRB025-08 

Page 17 of 26 

To further examine potential differences in maturity ogives among Biological Regions 
2 and 3 in 2023, we compared mature individuals using a Welch two sample t-test with 
region as the independent variable and age, length, net weight and condition factor 
(Fulton’s K) as dependent variables (Figure 12). Fulton’s K formula was based off 
Froese (2006) as 

K = (W/L3) * 100 
 

where W is the net weight in grams and L is the fork length of the fish sampled. Only 
mature individuals were used due to their importance in driving the observed 
differences in maturity ogives among Biological Regions. There was a statistically 
significant difference between Biological Regions 2 and 3 for age (t(383.9) = 3.35, p < 
0.001), length (t(413.9) = 6.29, p < 0.001), net weight (t(353.6) = 5.46, p < 0.001), and 
Fulton’s K (t(441) = 2.22, p = 0.03). The 2023 data continues the trend observed in 
2022 showing that females are maturing at an older age and size in Biological Region 
2 when compared to Biological Region 3.  
Histological ovarian development across the summer months in 2023 showed very 
similar patterns to 2022 (Figure 13). Females in Biological Region 2 showed a clear 
increase in the proportion of mature individuals from May (50%) until August (80%), 
with females advancing from Vtg1 to Vtg3 during this period (Figure 13). In contrast, 
the proportion of mature females in Biological Region 3 was already high in May 
(>75%) and stayed elevated through August, with mature females rapidly advancing 
through and nearing completion of vitellogenesis by that time. With two years (2022 
and 2023) of ovarian samples, the temporal analysis of ovarian development in mature 
females is consistent across Biological Regions and years, and also provides useful 
insights into the existence of differences related to the timing of ovarian development 
in mature females throughout Convention waters. 
 

 
 

Figure 13. Reproductive development of female Pacific halibut by month sampled and IPHC 
Biological Region in 2023. Number of samples (n) collected by month shown at the top of 
each stacked bar  
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2.2.2. Fecundity estimations. The IPHC Secretariat has initiated studies that are aimed at 
improving our understanding of Pacific halibut fecundity. This will allow us to estimate 
fecundity-at-size and -age and could be used to replace spawning biomass with egg 
output as the metric for reproductive capability in stock assessment and management 
reference points. Fecundity determinations will be conducted using the auto-diametric 
method (Thorsen and Kjesbu 2001; Witthames et al., 2009). IPHC Secretariat staff 
received training on this method by experts in the field (NOAA Fisheries, Northeast 
Fisheries Science Center, Wood Hole, MA) in May 2023. Ovarian samples for 
fecundity estimations were collected during the 2023 and 2024 FISS. In 2023, 
sampling was conducted in IPHC Biological Region 3, with a total of 456 fecundity 
samples collected. In 2024, sampling was conducted in IPHC Biological Regions 2 
and 4. 149 fecundity samples were collected in Biological Region 2 and 359 samples 
collected in Biological Region 4, for a total of 508 fecundity samples in 2024. Using 
histology, as described in 2.2.1, only samples deemed mature will be processed for 
fecundity estimations. 

 
3. Growth. 

 
Research activities conducted in this Research Area aim at providing information on somatic 
growth processes driving size-at-age in Pacific halibut. The relevance of research outcomes 
from these activities for stock assessment (SA) resides, first, in their ability to inform yield-
per-recruit and other spatial evaluations for productivity that support mortality limit-setting, 
and, second, in that they may provide covariates for projecting short-term size-at-age and 
may help delineate between fishery and environmental effects, thereby informing appropriate 
management responses (Appendix II). The relevance of these research outcomes for the 
management and strategy evaluation (MSE) process is in the improvement of the simulation 
of variability and to allow for scenarios investigating climate change (Appendix III).  
 
The IPHC Secretariat has conducted studies aimed at elucidating the drivers of somatic 
growth leading to the decline in SAA by investigating the physiological mechanisms that 
contribute to growth changes in the Pacific halibut. The two main objectives of these studies 
have been: 1) the identification and validation of physiological markers for somatic growth; 
and 2) the application of molecular growth markers for evaluating growth patterns in the 
Pacific halibut population. 
 

No updates to report. 
 

4. Mortality and Survival Assessment.  
 
Information on all Pacific halibut removals is integrated by the IPHC Secretariat, providing 
annual estimates of total mortality from all sources for its stock assessment. Bycatch and 
wastage of Pacific halibut, as defined by the incidental catch of fish in non-target fisheries 
and by the mortality that occurs in the directed fishery (i.e. fish discarded for sublegal size or 
regulatory reasons), respectively, represent important sources of mortality that can result in 
significant reductions in exploitable yield in the directed fishery. Given that the incidental 
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mortality from the commercial Pacific halibut fisheries and bycatch fisheries is included as 
part of the total removals that are accounted for in stock assessment, changes in the 
estimates of incidental mortality will influence the output of the stock assessment and, 
consequently, the catch levels of the directed fishery. Research activities conducted in this 
Research Area aim at providing information on discard mortality rates and producing 
guidelines for reducing discard mortality in Pacific halibut in the longline and recreational 
fisheries. The relevance of research outcomes from these activities for stock assessment 
(SA) resides in their ability to improve trends in unobserved mortality in order to improve 
estimates of stock productivity and represent the most important inputs in fishery yield for 
stock assessment (Appendix II). The relevance of these research outcomes for the 
management and strategy evaluation (MSE) process is in fishery parametrization (Appendix 
III).  
 
For this reason, the IPHC Secretariat is conducting two research projects to investigate the 
effects of capture and release on survival and to improve estimates of DMRs in the directed 
longline and guided recreational Pacific halibut fisheries: 
 

4.1. Evaluation of the effects of hook release techniques on injury levels and association with 
the physiological condition of captured Pacific halibut and estimation of discard mortality 
using remote-sensing techniques in the directed longline fishery. This project has been 
completed and the results have been published in the peer-reviewed literature (Loher et 
al., 2022; Dykstra et al., 2024). 
 
 

4.2. Estimation of discard mortality rates in the charter recreational sector. Results from a 
similar study conducted in fish captured using guided recreational fishery practices 
yielded an estimated discard mortality rate of 1.35% (95% CI 0.00-3.95%) for Pacific 
halibut released in Excellent viability category that were captured and released from circle 
hooks and tagged with acceleration-logging pop-up archival transmitting tags (sPATs). 
This estimate is consistent with the supposition that fish discarded in the recreational 
fishery from circle hooks in excellent condition have a mortality rate that is arguably lower 
than 3.5%, as is currently used for Excellent viability fish released in the commercial 
fishery (Meyer, 2007). As this project has had a high rate of fishery recoveries to date 
(~12.2%, with 35 wire, 7 sPAT, 2 sPAT tether) we are investigating ways in which we can 
use these data to enhance the survivability modeling conducted with the sPAT data. 
Comparisons of blood stress markers measured just before release show no significant 
differences between levels in those fish that have been recaptured and those that are still 
at large (Figure 14). Final data analysis and manuscript preparation are underway. 
 

https://doi.org/10.1002/nafm.10711
https://doi.org/10.1002/nafm.10711
https://doi.org/10.1016/j.ocecoaman.2024.107018
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Figure 14. Blood plasma levels of stress indicators (glucose (A), lactate (B), and cortisol 
(C)) measured prior to release using typical charter sector gear and practices in tagged 
fish still at-large and in recaptured fish.  

 
5. Fishing technology.  

 
The IPHC Secretariat has determined that research to provide the Pacific halibut fishery with 
tools to reduce whale depredation is considered a high priority (Appendix I). This research is 
now contemplated as one of the research areas of high priority within the 5-year Program of 
Integrated Research and Monitoring (2022-2026). Towards this goal, the IPHC secretariat is 
investigating gear-based approaches to catch protection as a means for minimizing whale 
depredation in the Pacific halibut and other longline fisheries with funding from NOAA’s 
Bycatch Research and Engineering Program (BREP) (NOAA Awards NA21NMF4720534 
and NA23NMF4720414; Appendix IV). The objectives of this study are 1) to work with 
fishermen and gear manufacturers, via direct communication and through an international 
workshop, to identify effective methods for protecting hook-captured flatfish from 
depredation; and 2) to develop and pilot test 2 simple, low-cost catch-protection designs that 
can be deployed effectively using current longline fishing techniques and on vessels currently 
operating in the Northeast Pacific Ocean.  
The results and outcome of the first phase of this project were reported in the documentation 
provided for the SRB020 meeting: IPHC-2022-SRB020-08. 
During the second phase of the project, the IPHC Secretariat worked with catch protection 
device manufacturers for the design of two different types of devices for field testing: one 
based on a modification of Sago Solutions SA’s catch protection device (i.e., shuttle) and one 
based on a modification of a slinky pot (i.e., shroud) deployed on branch line gear. Pilot 
testing was designed to investigate (1) the logistics of setting, fishing, and hauling of the two 
pilot catch protection designs, and (2) the basic performance of the gear on catch rates and 
fish size compared to non-protected gear. Field work was conducted off Newport, OR, aboard 
the R/V Pacific Surveyor (56’ length) in late May 2023. The results obtained showed that the 
shuttle had good performance and similar catch entrapment and catch sizes as the control, 
while the shroud did not produce enough catch for a proper evaluation and would need 
considerable more development and testing to be commercially viable. Specific results and 
discussion were provided at the SRB024 meeting: IPHC-2024-SRB024-09. 

In a third phase of this project, the IPHC Secretariat has recently received another grant from 
the Bycatch Reduction Engineering Program-NOAA entitled “Full scale testing of devices to 

A B C 

https://www.iphc.int/uploads/pdf/5yrirm/iphc-2022-5yrirm.pdf
https://www.iphc.int/uploads/pdf/5yrirm/iphc-2022-5yrirm.pdf
file://iphc-sea-fs01/Common/03%20-%20Meetings/01%20-%20IPHC%20meetings/05%20-%20Subsidiary%20bodies/04%20-%20SRB%20-%20Scientific%20Review%20Board/2022/SRB020%20-%20June%202022/02%20-%20SRB020%20Documents/IPHC-2022-SRB020-08%20-%20Progress%20report%20research
https://www.iphc.int/uploads/2024/05/IPHC-2024-SRB024-09-BES-Progress-Report.pdf
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minimize whale depredation in longline fisheries” (NA23NMF4720414; Appendix IV) to refine 
effective methods for protecting longline captured fish from depredation, and to complete 
replicates in the presence of toothed whales in known depredation hotspots to demonstrate 
the efficacy and safety of the gear. Challenges securing a vessel to conduct this project in 
2024 has resulted in a delay of the field component until the Spring or Summer of 2025.  

 

RECOMMENDATION/S 
That the SRB: 

a) NOTE paper IPHC-2024-SRB025-08 which provides a response to Recommendations 
and Requests from SRB024, and a report on current biological research activities 
contemplated within the IPHC’s five-year Program of Integrated Research and Monitoring 
(2022-26). 
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APPENDIX I 
Integration of biological research, stock assessment (SA) and management strategy evaluation (MSE): rationale 

for biological research prioritization 
 

 
 

Research areas Research activities Research outcomes Relevance for stock 
assessment Relevance for MSE Specific analysis input SA Rank MSE Rank Research 

priorization

Population structure Population structure in the 
Convention Area

Altered structure of 
future stock 

assessments

If 4B is found to be functionally isolated, a separate assessment may be 
constructed for that IPHC Regulatory Area

2. Biological 
input 2

Distribution

Assignment of individuals 
to source populations and 
assessment of distribution 

changes

Improve estimates of 
productivity

Will be used to define management targets for minimum spawning biomass by 
Biological Region

3. Biological 
input 2

Larval and juvenile connectivity 
studies

Improved understanding of 
larval and juvenile 

distribution

Improve estimates of 
productivity

Will be used to generate potential recruitment covariates and to inform minimum 
spawning biomass targets by Biological Region

3. Biological 
input

1. Biological 
parameterization and 

validation of movement 
estimates

2

Histological  maturity 
assessment Updated maturity schedule Will be included in the stock assessment, replacing the current schedule last 

updated in 2006 1

Examination of potential skip 
spawning Incidence of skip spawning Will be used to adjust the asymptote of the maturity schedule, if/when a time-

series is available this will be used as a direct input to the stock assessment 1

Fecundity assessment Fecundity-at-age and -size 
information

Will be used to move from spawning biomass to egg-output as the metric of 
reproductive capability in the stock assessment and management reference 

points
1

Examination of accuracy of 
current field macroscopic 

maturity classification

Revised field maturity 
classification

Revised time-series of historical (and future) maturity for input to the stock 
assessment 1

Identification and 
application of markers for 
growth pattern evaluation

May inform yield-per-recruit and other spatial evaluations of productivity that 
support mortality limit-setting 5

Evaluation of somatic growth 
variation as a driver for changes 

in size-at-age

Environmental influences 
on growth patterns

May provide covariates for projecting short-term size-at-age. May help to 
delineate between effects due to fishing and those due to environment, thereby 

informing appropriate management response
5

Dietary influences on 
growth patterns and 

physiological condition

May provide covariates for projecting short-term size-at-age. May help to 
deleineate between effects due to fishing and those due to environment, thereby 

informing appropriate management response
5

Discard mortality rate estimate: 
longline fishery

Will improve estimates of discard mortality, reducing potential bias in stock 
assessment results and management of mortality limits 4

Discard mortality rate estimate: 
recreational fishery

Will improve estimates of discard mortality, reducing potential bias in stock 
assessment results and management of mortality limits 4

Best handling and release 
practices

Guidelines for reducing 
discard mortality

May reduce discard mortality, thereby increasing available yield for directed 
fisheries 2. Fishery yield 4

Fishing technology Whale depredation accounting 
and tools for avoidance

New tools for fishery 
avoidance/deterence; 

improved estimation of 
depredation mortality

Improve mortality 
accounting

Improve estimates of 
stock productivity

May reduce depredation mortality, thereby increasing available yield for directed 
fisheries. May also be included as another explicit source of mortality in the stock 

assessment and mortality limit setting process depending on the estimated 
magnitude

1. Assessment 
data collection 
and processing

3

1. Fishery 
parameterization

Growth

Scale stock 
productivity and 
reference point 

estimates

Improve simulation of  
variability and allow for 
scenarios investigating 

climate change

3. Biological 
parameterization and 
validation for growth 

projections

Mortality and 
survival 

assessment

Experimentally-derived 
DMR Improve trends in 

unobserved mortality
Improve estimates of 

stock productivity

1. Fishery yield

Migration and 
population 
dynamics

Improve parametization 
of the Operating Model

1. Biological 
parameterization and 

validation of movement 
estimates and 

recruitment distribution

Reproduction
Scale biomass and 

reference point 
estimates

Improve simulation of 
spawning biomass in the 

Operating Model

1. Biological 
input
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APPENDIX II 
List of ranked biological uncertainties and parameters for stock assessment (SA) and 

their links to biological research areas and research activities 
 

 
 
  

SA Rank Research outcomes Relevance for 
stock assessment Specific analysis input Research Area Research activities

Updated maturity schedule Will be included in the stock assessment, replacing the current schedule 
last updated in 2006 Histological  maturity assessment 

Incidence of skip spawning
Will be used to adjust the asymptote of the maturity schedule, if/when a 
time-series is available this will be used as a direct input to the stock 
assessment

Examination of potential skip spawning

Fecundity-at-age and -size 
information

Will be used to move from spawning biomass to egg-output as the metric of 
reproductive capability in the stock assessment and management reference 
points

Fecundity assessment

Revised field maturity 
classification

Revised time-series of historical (and future) maturity for input to the stock 
assessment

Examination of accuracy of current field 
macroscopic maturity classification

2. Biological 
input

Stock structure of IPHC 
Regulatory Area 4B relative 
to the rest of the Convention 
Area

Altered structure of 
future stock 
assessments

If 4B is found to be functionally isolated, a separate assessment may be 
constructed for that IPHC Regulatory Area Population structure

Assignment of individuals to 
source populations and 
assessment of distribution 
changes

Will be used to define management targets for minimum spawning biomass 
by Biological Region Distribution

Improved understanding of 
larval and juvenile 
distribution

Will be used to generate potential recruitment covariates and to inform 
minimum spawning biomass targets by Biological Region Migration Larval and juvenile connectivity studies

Sex ratio-at-age Annual sex-ratio at age for the commercial fishery fit by the stock 
assessment Sex ratio of current commercial landings

Historical sex ratio-at-age Annual sex-ratio at age for the commercial fishery fit by the stock 
assessment

Historical sex ratios based on archived 
otolith DNA analyses

2. Assessment 
data collection 
and processing

New tools for fishery 
avoidance/deterence; 
improved estimation of 
depredation mortality

Improve mortality 
accounting

May reduce depredation mortality, thereby increasing available yield for 
directed fisheries. May also be included as another explicit source of 
mortality in the stock assessment and mortality limit setting process 
depending on the estimated magnitude

Mortality and 
survival 

assessment

Whale depredation accounting and tools 
for avoidance

1. Fishery yield Physiological and behavioral 
responses to fishing gear

Reduce incidental 
mortality May increase yield available to directed fisheries

Mortality and 
survival 

assessment
Biological interactions with fishing gear

2. Fishery yield Guidelines for reducing 
discard mortality

Improve estimates 
of unobserved 
mortality

May reduce discard mortality, thereby increasing available yield for directed 
fisheries

Mortality and 
survival 

assessment

Best handling practices: recreational 
fishery

Genetics and 
Genomics

1. Assessment 
data collection 
and processing

Scale biomass and 
fishing intensity Reproduction

1. Biological 
input

Scale biomass and 
reference point 
estimates

Reproduction

3. Biological 
input

Improve estimates 
of productivity
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APPENDIX III 
List of ranked biological uncertainties and parameters for management strategy 

evaluation (MSE) and their links to biological research areas and research activities  
 

MSE Rank Research outcomes Relevance for MSE Research Area Research activities

Improved understanding of larval 
and juvenile distribution Migration Larval and juvenile connectivity studies

Stock structure of IPHC Regulatory 
Area 4B relative to the rest of the 
Convention Area

Population structure

Assignment of individuals to source 
populations and assessment of 
distribution changes

Improve simulation of 
recruitment variability and 
parametization of recruitment 
distribution in the Operating 
Model

Distribution

Establishment of temporal and 
spatial maturity and spawning 
patterns

Improve simulation of 
recruitment variability and 
parametization of recruitment 
distribution in the Operating 
Model

Reproduction Recruitment strength and variability

Identification and application of 
markers for growth pattern 
evaluation
Environmental influences on growth 
patterns

Dietary influences on growth 
patterns and physiological condition

1. Fishery 
parameterization Experimentally-derived DMRs Improve estimates of stock 

productivity

Mortality and 
survival 

assessment

Discard mortality rate estimate: 
recreational fishery

Evaluation of somatic growth variation 
as a driver for changes in size-at-age

1. Biological 
parameterization and 
validation of movement 
estimates

Improve parametization of the 
Operating Model

2. Biological 
parameterization and 
validation of recruitment 
variability and distribution

3. Biological 
parameterization and 
validation for growth 
projections

Improve simulation of  variability 
and allow for scenarios 
investigating climate change

Growth

Genetics and 
Genomics
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APPENDIX IV 

Summary of current external research grants  
 

Project 
# 

Grant 
agency Project name PI Partners 

IPHC 
Budget 
($US) 

Management 
implications 

Grant 
period 

1 

Bycatch 
Reduction 
Engineering 
Program - 
NOAA 

Full scale testing of devices to 
minimize whale depredation in 
longline fisheries 
(NA23NMF4720414) 

IPHC 

NOAA Fisheries -
Alaska Fisheries 
Science Center 
(Seattle) 

$199,870 

Mortality 
estimations 
due to whale 
depredation 

November 
2023 – 
April 2026 

2 

Alaska Sea 
Grant 
(pending 
award) 

Development of a non-lethal 
genetic-based method for aging 
Pacific halibut (R/2024-05) 

IPHC, 
Alaska 
Pacific
Univ. 
(APU) 

Alaska Fisheries 
Science Center-NOAA 
(Juneau) 

$60,374 Stock 
structure 

December 
2024-
December 
2026 

Total awarded ($) $260,244   
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