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Study History: 

This study was a continuation of Exxon Valdez Oil Spill Trustee Council project 16120111-T. 
Prior to becoming a Trustee Council project the surveys were supported by Alaska Department 
of Fish and Game, but because there was no commercial fishery the surveys were slated to end 
due to budget reductions. Spring aerial survey data have been collected by the Alaska 
Department of Fish and Game since 1972 (Funk 1994). Herring age, sex, and size data are 
available since 1973 (Sandone 1988); however, collections of both data sets have been more 
extensive since the early 1980s.  

Aerial surveys were used to document spring herring biomass and were the primary management 
tool prior to the development of the first age structured assessment model in 1988 (Brady 1987, 
Funk and Sandone 1990). Biomass is estimated as school surface area converted to biomass from 
a few paired observations of aerial observers and vessel harvests (Brady 1987, Fried 1983, Funk 
and Sandone 1990). Surface area and biomass conversion methods are as described in Brady 
(1987) and Lebida and Whitmore (1985). Prior to 1988, the aerial survey program’s primary 
objectives were to collect biomass data for an annual index, document the distribution and linear 
extent of milt, document herring temporal movements, and document the distribution of the 
commercial fleet (Brady 1987). Additionally, the locations of large aggregations of Stellar sea 
lions and other marine mammals were often noted on paper maps. 

Age and biomass data from this project as well as the modeling and stock assessment project 
(21120111-C) are evaluated annually by Alaska Department of Fish and Game fisheries 
managers relative to regulatory thresholds in The Prince William Sound Herring Management 
Plan (5 AAC 27.365). Summary results and discussion are published annually in Prince William 
Sound Area Finfish Management Reports and in annual and synthesis reports to the Exxon 
Valdez Oil Spill Trustee Council. Annual Prince William Sound herring summaries are also 
included in the National Oceanic and Atmospheric Administration Gulf of Alaska Ecosystem 
Status Report. Shapefiles of aerial survey observations and age, sex, and size tabular data are 
uploaded to the Alaska Ocean Observing System data portal annually and age and size 
compositions are disseminated to acoustic biomass, disease, and modeling Herring Research and 
Monitoring projects. An analysis of historical shifts in Prince William Sound herring spawn 
timing and distribution using aerial survey and age, sex and size data was published by 
McGowan et al. in 2021.  



Abstract:  

This monitoring project conducted spring aerial surveys to document Pacific herring milt 
distribution and biomass as well as the distribution and abundance of sea lions, other marine 
mammals, and birds associated with herring schools or spawn from 2017 through 2021. 
Additionally, this project collected, and processed age, sex, and size samples of herring collected 
by spawning surveys and compiled annual age compositions. Aerial survey and age, sex, and 
size data have been collected since the early 1970s and are an essential part of the age-structured 
models used by the Alaska Department of Fish and Game to estimate the historical and future 
biomass for fisheries management.  
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Project Data:  

Data and information products developed during the reporting period include: 2017-2021 
individual aerial survey maps (distributed to Herring Research and Monitoring participants, other 
herring researchers, and a variety of stakeholders within 24hrs of survey), 2008-2021 aerial 
herring biomass observations shapefiles, 1973-2021 aerial herring spawn observations 
shapefiles, 1997-2021 herring aerial survey routes shapefiles, 2008-2021 aerial survey marine 
bird observations shapefiles, 2008-2021 aerial survey marine mammal observations shapefiles, 
2008-2021 aerial survey sea lion observations shapefiles, and 1973-2021 age, sex, and size data. 

https://gulf-of-alaska.portal.aoos.org/#metadata/35fd35d8-f6f1-4762-9cf0-8e2e970755c4/project 

The data custodian is Carol Janzen, Director of Operations and Development, Alaska Ocean 
Observing System, 1007 W. 3rd Ave. #100, Anchorage, AK 99501, 907-644-6703. 
janzen@aoos.org. 

Data are archived by Axiom Data Science, a Tetra Tech Company, 1016 W. 6th Ave., 
Anchorage, AK 99501. 
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Surveys and age, sex, and size collection and processing 

EXECUTIVE SUMMARY 
This project helped meet the overall program goal of improving predictive models of herring 
stocks through observations and research. There were no proposed hypotheses to be tested 
directly from this project; however, this project continued long-term monitoring programs to 1) 
conduct aerial surveys to collect data associated with spring Pacific herring (Clupea pallasii) 
spawning events, 2) collect and process age, sex, and size (ASL) samples from prespawn and 
spawning aggregations of Pacific herring, and 3) provide vessel support for spring disease 
sampling, and collection and processing of ASL samples for target strength assessment. 

Spring aerial survey data have been collected since 1972. ASL data are available since 1973; 
however, collections of both data sets have been more consistent since the early 1980s. Aerial 
surveys were used to document spring herring biomass and were the primary management tool 
prior to the development of the first statistical catch-at-age model or age structured assessment 
(ASA) model in 1988. Prior to 1988, the aerial survey program’s primary objectives were to 
collect biomass data for an annual index, document the distribution and linear extent of milt, 
document herring temporal movements, and document the distribution of commercial fishing 
boats, fishing tender boats, and processor boats.  

In 1987, J. A. Brady of the Alaska Department of Fish and Game (ADF&G) described how 
herring arrive on the spawning grounds over time and may be available to document on multiple 
aerial surveys. Therefore, the biomass over several days of surveys cannot be summed to 
estimate the total or peak biomass. Consequently, peak biomass was calculated as the largest 
biomass observed in all areas on a single survey. Brady also detailed how the variable 
bathymetry of herring spawning areas in Prince William Sound (PWS) has a large influence on 
the observer’s ability to see herring schools. Herring may spawn in shallow bays (e.g., Rocky 
Bay, Montague Island), shallow beaches (e.g., Hells Hole beach), or deep bays (e.g., Fairmont 
Bay on the North Shore). The influence of bathymetry on observer efficiency suggests an aerial 
biomass index will probably not be comparable across years. Although peak biomass values may 
be a useful relative abundance, issues with biomass observations caused ADF&G to investigate 
the use of an index of spawn from observations of milt. The advantages of milt observations 
compared to school biomass observations include a lower likelihood of double- or multiple- 
counting because herring schools likely spawn a single time (e.g., a single day), but a herring 
school may be observed for several days prior to, or after spawning. Milt is also relatively easy 
to observe from the air across a range of survey environmental conditions and observation 
efficiency of milt is generally not influenced by ocean bathymetry; however it is likely one factor 
that will influence the biomass of spawning fish for each linear mile of milt observed. Further 
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research by Willette collected paired spawn deposition survey estimates from dive surveys and 
aerial survey estimates of miles of milt; the short tons (dive survey) per mile of milt (aerial 
survey) were much larger on Montague Island beaches when compared to short tons per mile of 
milt in northern or northeastern PWS beaches. Montague Island shoreline typically has large 
shallow, subtidal areas with complex kelp structure while the northern and northwestern beaches 
tend to have a steeper gradient to deep waters and less complex kelp structure.  

Two indices considered for spawn documented from aerial surveys were 1) discrete miles of milt 
over the season and 2) the sum of miles of milt for all survey days (mile-days of milt). Discrete 
miles of milt do not account for multiple spawning events in the same area, so are unlikely to be 
a good index of total abundance in areas with multiple days of spawning on the same beach. 
Mile-days of milt probably provide a better index to abundance because they account for 
multiple spawning days on the same beach but may be biased if the number of surveys varies 
significantly across years. In 2008, ADF&G began using a tablet computer and a geographic 
information system (GIS) application to collect aerial survey data. Because digital maps are 
scalable and allow much more data to be added to a small area (contrast with the 25 paper maps 
used prior to 2008), and because of interest in herring predators distribution and abundance, 
additional effort was employed in documenting numbers and locations of predators such as 
Stellar sea lions, humpback whales, killer whales, Dall’s porpoises, and bird aggregations 
(mostly gulls) associated with herring schools or spawn. 

Age, sex, and size data from Pacific herring have been collected from commercial fisheries and 
fishery-independent research projects since the early 1970s. ADF&G currently has an archive 
containing approximately 210,000 scales paired with size and sex data. Processing methods are 
similar to those published by Baker et al. (1991); however, electronic fish measuring boards have 
been used since 1989 to enter sample summary data and individual fish data (standard length in 
mm, whole body weight in grams, and sex) at the time of processing. Gonad weights have been 
collected from prespawning fish (both sexes) in most years since 1994. 

Scales are used to estimate age for PWS collections rather than otoliths because they are much 
easier to collect and prepare for examination. Additionally, research published by Chilton and 
Stocker (1987) reported that Chi-square tests of age compositions from paired otoliths and scales 
collected off the British Columbia coast could not refute the null hypothesis that they were from 
the same population. Interpretation of age from otoliths indicated that there were older fish than 
interpreted from scales; however, few fish older than age-10 are found in PWS, so fish 
interpreted at age-9 and older are combined into an age category 9+. No age validation or tests of 
paired age structures have been completed for PWS herring. 
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This project conducted aerial surveys to collect data related to spring herring spawning events, 
provided vessel support for disease sample collections; and captured and processed herring to 
generate age, sex, and size summaries and mean target strength for acoustic biomass estimates. 
Aerial survey, acoustics estimates, and ASL data sets are essential parts of age structured model 
ADF&G uses to estimate the historical biomass and project pre-fishery run biomass a year ahead 
for management. Additionally, the mile-days of milt and ASL data are part of the Bayesian 
formulation of the ASA model.  

This project documented mile-days of milt and age composition of the spawning population of 
Pacific herring in PWS from 2017 through 2021. The 2018 mile-days of milt estimate is the 
lowest documented estimate since the surveys began in 1972. Mile-days of milt have consistently 
increased since this historic low, primarily driven by the large recruitment of age-3 fish to the 
spawning population in 2019. This cohort has composed a large proportion of the spawning 
population since. 

INTRODUCTION 
Pacific herring (Clupea pallasii) are a critical link in pelagic and nearshore food chains between 
primary production and higher trophic levels and are an important food resource for a number of 
piscivorous predators (Livingston 1995). Additionally, Pacific herring have provided valuable 
commercial fisheries throughout Alaska’s history and subsistence fisheries that pre-date recorded 
history (Woodby et. al. 2005). Beginning in 1993, the Prince William Sound (PWS) herring 
population experienced a sharp decline (Pearson et. al. 1999). Various hypotheses regarding the 
cause of the decline have been examined including the Exxon Valdez oil spill in 1989, the disease 
pathogens hemorrhagic viral septicemia virus (HVSV) and Ichthyophonus hoferi, and density 
dependent factors influencing overall condition (Hulson et. al. 2008, Marty et. al. 2010, Pearson 
et. al. 1999, Pearson et. al. 2011, Thorne and Thomas 2008).  

Commercial herring fisheries in PWS closed following the decline until 1997 when they were re-
opened but closed again in 1998 due to concerns over declining biomass (Pearson et. al. 2011). 
Hay et. al. (2001) found that collapsed herring stocks on average take about 10 years to recover; 
however, the PWS population has not recovered to pre-1993 levels (Woodby et. al. 2005). 
Several hypotheses to explain the lack of recovery are being explored, including increased 
predation by marine mammals, increased susceptibility to disease from lingering oil toxicity, and 
interspecific competition and predation by juvenile pink salmon (Oncorhynchus gorbuscha) from 
large hatchery releases. The lack of recovery is still poorly understood (Marty et. al. 2010, 
Pearson et. al. 2011). Monitoring the PWS herring population plays an important role in 
understanding the lack of recovery and enhancing recovery efforts for this resource. 
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Pacific herring begin sexual maturation at the end of summer and progress through winter, 
reaching full sexual maturity in the early spring months. As they reach maturity, herring migrate 
from overwintering areas and form aggregations in or near spawning habitat in shallow coastal 
waters, typically large bays and inlets (Hay 1985). Herring spawn primarily in the subtidal zone 
from about 0-4m in depth, although deeper spawning events do occur, and select for habitats 
with aquatic vegetation present for egg deposition (Gerke 2002). Herring spawning activity is 
typically conspicuous; milt concentration turns water cloudy white, and the herring school 
attracts high concentrations of herring predators such as gulls, sea lions, and other marine 
mammals (Hay and Kronlund 1987). These factors make herring spawning season an ideal time 
to collect data regarding overall herring biomass, spawning habitat utilization, and herring 
predator populations in PWS. 

This five-year monitoring project was a continuation of aerial survey and age, sex, and size data 
that have been collected since 1972 and 1973, respectively. Data was collected to meet the 
overall program goal of improving predictive models of herring stocks through observations and 
research. Furthermore, the results of both the aerial surveys and age/size structure are critical to 
the management of herring commercial fisheries in PWS. The estimates aerial biomass as well as 
acoustic biomass and age structured assessment (ASA) model outputs are central in evaluating 
the population in relation to regulatory thresholds set in the PWS Herring Management Plan 
(5 AAC 27.365). 

OBJECTIVES 
Data were collected to meet the overall program goal of improving predictive models of herring 
stocks through observations and research. These surveys provided necessary biomass and 
population structure data to evaluate herring stocks in relation to regulatory thresholds and 
provide critical inputs to modeling, disease, and acoustic biomass projects. These data added to 
data collected since 1972 (aerial surveys) and 1973 (age, sex, and size data) and are critical to 
both PWS herring fisheries management and ongoing research efforts. Details of this project are 
also described in Shepherd and Haught (2019). 

Objectives of this project were: 

1) Conduct spring aerial surveys to collect data on survey routes, location and linear extent 
of herring milt, classification of herring milt, herring school biomass; distribution and 
abundance of sea lions, other marine mammals and bird aggregations associated with 
herring or herring spawn; and other relevant environmental or anthropogenic 
observations.  
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2) Collect, process, summarize, and distribute age, sex, and size data from herring collected 
during acoustics surveys, spawning grounds surveys, Herring Disease Program surveys, 
or other relevant collections.  

3) Provide a vessel (R/V Solstice) as a research platform for an adult acoustics survey, 
disease sampling, and collection of pre-spawn and spawning Pacific herring samples. 
Mean length from pre-spawn samples will be used to estimate Pacific herring target 
strength for the acoustics work.  

METHODS 

Procedural and Scientific Methods  

Aerial Surveys  
Aerial surveys generally began in mid- to late March. First survey date was earlier if there were 
reports of herring aggregations, spawn, or large predator aggregations. The first survey typically 
covered the eastern side of PWS because the spawn timing is generally earlier on the east side 
(Port Gravina and Port Fidalgo). The first survey was occasionally expanded based on boat or 
pilot reports from other areas. Surveys continued once or twice a week until herring schools or 
spawn were detected by a survey flight or reported by other pilots or boats. Once spawning 
began, surveys were conducted daily in the area where spawn was detected if weather conditions 
were appropriate. Surveys were expanded to other portions of the PWS area (North shore, Naked 
Island, Montague Island, and Kayak Island) in April or based on pilot or boat reports. Survey 
interval, duration, and area were adjusted in-season to allow available funding to last until 
approximately early to mid-May. 

Surveys were conducted in a float equipped, fixed-wing aircraft flying at an elevation of ~1,200 
feet. Primary and secondary observers were used for each flight. The primary observer sat in the 
back seat and used a tablet computer to enter survey metadata in a spreadsheet and georeferenced 
survey data in an ESRI ArcPad application connected to a Bluetooth GPS (Bochenek 2010). The 
primary observer also attached a camera to the inside of the back window facing out to collect 
either video or a still image every 1 or 2 seconds.  

The secondary observer sat in the front passenger seat and reported observations to the primary 
observer, collected observations on paper maps as a hardcopy duplicate in case of digital failure, 
deployed a handheld global positioning system (GPS) as a backup to the Bluetooth GPS, and 
took georeferenced photos of spawning events, large biomass aggregations, and large herring 
predator groups with a GPS-enabled digital single lens reflex (DSLR) camera and fast lens 
(F2.8). 
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Herring spawn activity was located visually through discoloration of water in coastal regions 
caused by the presence of herring milt (Fig. 1). The linear extent of miles of milt was estimated 
visually utilizing landmarks, coastal features, and detailed GIS shapefiles. Milt observations 
were digitized directly into ESRI ArcPad on the survey tablet using a stylus. Spawn activity was 
assigned a qualitative descriptor based on density and extent of discoloration: active light, active 
medium, active heavy, dissipating, and drift (Table 1). These categories were recorded in the 
database associated with the digitized shapefile. Precise estimations of miles of milt were 
calculated using ArcGIS measurement tools after the survey data was reviewed and compared 
with digital photographs and video from the survey. 

Biomass of individual herring schools was estimated using a surface area to short tons (st) 
conversion (Lebida and Whitmore 1985, Brady 1987). A sighting tube with a known focal length 
was used to calibrate observer estimation of surface area on a few herring schools at the 
beginning of each survey. Gridlines within the sighting tube provide a visual reference for 
known ground distances at a given elevation (Fig. 2). Herring school sizes were then estimated 
based on the surface area proximity to gridlines within the tube and were generally split into 
three classifications with corresponding biomass conversions: Small, medium, and large 
(Table 2). Very large and/or irregularly shaped schools were visually separated into small size 
class sections and the total number of these sections enumerated for the school. Size classes were 
used as guidelines for estimating biomass of schools that fell in between the general 
classifications. 
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Figure 1. Discoloration of water due to presence of milt from herring spawning activity. 

 

 

Figure 2. Gridlines within sighting tube used for calibrating estimation of herring school surface 
area. The shaded circles represent herring schools. 
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Table 1. Herring spawning activity classifications by presence and extent of milt. 

 

 

CLASS Description Example photo 

Active Light 

Fish actively spawning, but little milt in 
the water and very light coloring.  
Usually some marine mammals (sea 
lions, harbor seals, or harbor porpoises) 
or sea birds associated with the spawn. 

 

Active Medium 

Fish actively spawning and moderate 
amounts of milt in the water and much 
lighter coloring.  Almost always some 
marine mammals (sea lions, harbor seals, 
or harbor porpoises) or larger groups of 
sea birds associated with the spawn.  

 

Active Heavy 

Fish actively spawning, and large 
amounts of milt in the water. The color is 
usually bright white to blue green.  
Almost always larger groups of marine 
mammals (sea lions, harbor seals, or 
harbor porpoises) or sea birds associated 
with the spawn.  

 

Dissipating 

Milt that is likely from the previous day.  
Very dispersed with few marine 
mammals.  May still be many sea birds on 
the beach eating eggs. Generally not 
included in our summary of mile-days of 
spawn unless we did not document the 
active spawn previously.  

 

Drift 

Areas of milt that have drifted with the 
current offshore or away from the areas of 
active spawn. For example, tides or 
currents regularly cause milt to drift 
offshore for up to a mile or more off 
points.  Drift is not summed with active 
spawn for calculating the total extent of 
spawn.  
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Table 2. Herring school size class and corresponding surface area, diameter, and biomass 
(short tons, st). 

 

Surface area of herring schools for the remainder of the survey were estimated visually without 
the sighting tube after calibration and required the use of polarized lens eyewear (Fig. 3). Herring 
school observations and size estimation were entered as point data in the tablet’s ArcPad 
application, georeferenced via GPS or placed with the stylus based on landmarks and map 
features. 

 

Figure 3. Aerial estimation of herring school surface area for conversion to short 
tons biomass (Lebida and Whitmore 1985). 

 

Marine mammal sightings were recorded in the tablet ArcPad application as point data, and bird 
aggregations as line data, using GPS and landmarks. Marine mammals and bird aggregations 
were identified at the species or type level (e.g., Stellar sea lion, gulls), and abundance was 

Size Class Surface Area Diameter Biomass 

Small 1962 ft2 (181 m2) 50 ft (15.2 m) 10 st 

Medium 7850 ft2 (725 m2) 100 ft (30.4 m) 40 st 

Large 31400 ft2 (2902 m2) 200 ft (60.8m) 160 st 
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directly counted for small groups (~<30 individuals) or estimated for larger groups (~>30 
individuals). 

After each survey all electronic data were transferred to the local Cordova Alaska Department of 
Fish and Game (ADF&G) network. ArcPad data were downloaded from the tablet for processing 
with ESRI ArcMap. DSLR photos were transferred for editing with Adobe Lightroom. The 
handheld GPS data were downloaded with DNRGPS software. Videos or images were 
downloaded from the video camera using either GoPro Quik or Garmin VIRB software. 
Observations on paper maps were examined for complete survey information and stored for use 
in post-season processing. 

At the end of the survey season, milt locations, classification, and lengths were adjusted by 
comparing data collected on the GIS application to the digital photography and video imagery. 
Estimates of large marine mammal aggregations (~>30 individuals) were adjusted by counting 
individuals from survey photographs. After adjustments were complete, the individual survey 
GIS data were combined into shapefiles for the year and then added to the historical GIS 
shapefiles. These historical shapefiles allow comparison across all years for milt observations 
(1973–2021), survey routes (1997–2021), sea lion location and abundance (currently 2008–
2021), other marine mammals (currently 2008–2021), and birds (currently 2008–2021).  

Age, Sex, Size Sampling  
Age, sex, and size (ASL) processing methods are outlined in Baker et al. (1991) with only a few 
changes. Samples were stratified by area, time, and gear. Sample sizes (n=450) were set to 
estimate the age composition of each sample to within ±5% of the true proportion 90% of the 
time (Thompson 1992) assuming no more than 10% of the scales were unreadable. Herring were 
collected in the field and frozen in large 6 mm plastic bags with labels inside the bag that 
document the date, time, location, gear, samplers, and the number of bags. Other information 
including the coordinates of the sample location were collected and added to a sample log. Often 
more than 450 fish were collected, so an equal number of fish were randomly selected from each 
bag for processing to meet the sample goal. From the fish selected for processing, 10 fish at a 
time were placed on a tray and their length was measured to the nearest mm using calipers 
(standard length, tip of snout to hypural plate (Fig. 4)), and whole weight to the nearest gram was 
collected from an electronic balance. Sex was determined from examination of the gonads 
(1=male, 2=female, 3= unknown), and gonad condition was estimated from examination of the 
gonad (scale of 1-undeveloped to 8-recovering from spawning). Weights were collected with an 
electronic balance that was checked with calibration weights (and recalibrated if necessary) prior 
to each sampling event. 
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Figure 4. Standard length (tip of snout to end of hypural plate) and fork 
length measurements (tip of snout to fork of tail). 

A scale was then collected from the left side of the fish from a preferred area when possible 
(Fig. 5). The preferred area is above the lateral line and 3–4 rows of scales back from the 
operculum. This area generally has symmetrical growth patterns and distinct annuli. Scales were 
cleaned and placed on a pre-labeled glass microscope slide after dipping in a solution of 1:10 
mucilage glue to water. A single scale from each of 10 fish was placed as two rows of 5 scales 
on each slide (Fig. 6). Scales were viewed on a microfiche to ensure they were readable for age 
(not regenerated) then covered with a second slide and taped together at the label end of the 
slide. All slides were stored in a labeled box or cabinet tray until examining for age. 

 

Figure 5. Preferred areas for collecting scales for age from Pacific herring. 
Numbers are in order of preference (#1 is most preferred). Scales collected 
from left side of fish when possible. 
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Figure 6. Example cartoon herring scale slide with scales 1 through 5 (top left to 
right) and scales 6 to 10 (bottom left to right). 

Once a sample was complete, data were entered into a spreadsheet. The scales were examined 
for age interpretation on a microfiche by two or three readers. Ages were interpreted 
independently and then the readers discussed any differences before agreeing on an age by 
consensus. The crew leader spot checked all samples to reduce the chance of divergence of age 
estimates by different readers over time (reader drift) in age interpretation. Ages were keyed into 
the spreadsheet once age interpretation from scales was completed. ASL composition summaries 
that included sample size, percentage by age class and sex, and mean and standard deviation of 
weight and length by age class and sex, were generated. Historical data (1973–present) were 
stored and summarized in spreadsheet form and in the ADF&G PWS herring relational database.  

Data Analysis and Statistical Methods  
For ASL data, age composition was estimated in each sampling event by gear type for time and 
area strata with sample sizes sufficient to simultaneously estimate all age proportions to within + 
5% at the 90% level of precision. Mean standard length and whole body weight was estimated 
for each sampling event by gear type for time and area strata with sample sizes such that the 
relative error is +5% at the 95% level of precision. Mean gonad weight of prespawning fish was 
estimated for time and area strata with sample sizes such that the relative error was +5% at the 
95% level of precision. Sex composition was estimated in each sampling event by gear type for 
time and area strata with sample sizes sufficient to estimate proportions to within +5% at the 
95% level of precision.  For input into the ASA model, ASL data from each herring district is 
weighted by the mile-days of milt in each district to estimate the total population age, size, and 
sex data. 
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Description of Study Area 
The study area included all PWS and Copper River/Bering River coastal areas between Cape 
Suckling to the east and Cape Puget to the west. The bounding coordinates are 61.300 N, -144.00 
W and 59.750 N, -148.760 W. 

RESULTS 

2017 
We conducted 59 hours of aerial surveys during 22 flights between March 22 and May 6, 2017 
(Fig. 7). PWS herring schools observed in 2017 were less aggregated and smaller than observed 
in prior years. Spawn was documented in eastern PWS near Knowles Head and Red Head (April 
13–17); on the north shore of Hawkins Island near Canoe Passage (April 15–21); and near Kayak 
and Wingham Island (April 14) (Fig. 11). Total PWS mile-days of milt were estimated at 9.50 
mile-days, all of which was in the Southeast Area. No spawn was documented in other areas of 
PWS. 

A total of 3,595 herring were collected with purse seine, cast net and variable mesh gillnet from 
Rocky Bay, Hell’s Hole, Red Head, Canoe Pass, and South Humphries hole. The overall 
observed spawning age composition was 51.7% age-3, 21.6% age-4, 16.6% age-5, and 3.8% age-
6 and 5.6% age-7 or older fish (Fig. 8). 

 



 
 

14 
 
 

 

 

Figure 7. Prince William Sound herring aerial survey effort and mile-days of milt. 

 

 

Figure 8. Spring Prince William Sound herring age composition by year, 1982-2021.   
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Figure 9. Spring Prince William Sound herring length at age, 1980-2021.   

 

Figure 10. Spring Prince William Sound herring weight at age, 1980-2021. 
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Figure 11. 2017 timing and distribution of Prince William Sound herring spawn. Gray 
lines are aerial survey routes.   

2018 
We conducted 39 hours of aerial surveys during 12 flights between March 24 and April 19, 2018 
(Fig. 7). PWS herring schools observed in 2018 were less aggregated and smaller than observed 
in recent years. Spawn was documented in eastern PWS near Red Head (April 7–8); on the north 
shore of Hawkins Island near Canoe Passage (April 16–17); and near Kayak and Wingham 
Island (April 13) (Fig. 12). Total PWS mile-days of milt were estimated at 4.52 mile-days, all of 
which was in the Southeast Area. No spawn was documented in other areas of the sound.  
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Figure 12. 2018 timing and distribution of Prince William Sound herring spawn. Gray 
lines are aerial survey routes? 

We collected a total of 1,678 herring with purse seine and cast net from Rocky Bay, Hell’s Hole, 
Red Head, Canoe Pass, and Cedar Bay. The overall observed spawning age composition was 
27.6% age-3, 44.2% age-4, 16.9% age-5, and 8.8% age-6 and 2.5% age-7 or older fish (Fig. 8). 

2019 
We conducted 58 hours of spring aerial surveys during 19 flights from March 19 to May 3, 2019 
(Fig. 7). Herring schools observed in 2019 were more widespread and numerous than in recent 
years. Spawn was documented on the north shore of Hawkins Island near Canoe Passage (March 
26); between Hells Hole and Knowles Bay (April 1–May 3); on the southeast shore of Green 
Island (April 5); in Port Fidalgo (April 16–May 3); in Rocky Bay (May 3); and near Kayak and 
Wingham Island (March 31–April 16) (Fig. 13). Total PWS mile-days of milt were estimated at 
12.7 mile-days.  
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Figure 13. 2019 timing and distribution of Prince William Sound herring spawn. Gray 
lines are aerial survey routes. 

We collected a total of 2,250 herring with purse seine and cast net from Double Bay, Canoe Pass, 
Whiskey Cove, and Rocky Bay. The overall observed spawning age composition was 84.4% 
age-3, 4.9% age-4, 7.1% age-5, and 2.7% age-6 and 0.9% age-7 or older fish (Fig. 8). PWS 
herring, as well as other stocks statewide, saw a large recruitment of age-3 fish in 2019. 

2020 
We conducted 57 hours of spring aerial surveys during 20 flights from March 19 to May 10, 
2020 (Fig. 7). Observations of PWS herring schools observed in 2020 were more increasingly 
widespread and numerous. Spawn was documented at Red Head (April 2–4), Hells Hole, and 
Knowles Bay (April 9–24), Canoe Pass (April 23–26), Double Bay (April 24–27), Zaikof Bay 
(April 23–27), Rocky Bay and Stockdale Harbor (April 28–29), and near Kayak Island (April 10) 
(Fig. 14). Total PWS mile-days of milt were estimated at 23.7 mile-days. 
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Figure 14. 2020 timing and distribution of Prince William Sound herring spawn. Gray 
lines are aerial survey routes.   

 
Herring sampling surveys were not conducted from the R/V Solstice in 2020 due to the COVID-
19 pandemic. Instead, community members and ADF&G staff opportunistically collected a total 
of 1,355 herring samples with cast net near Hells Hole and Red Head, Double Bay, and Canoe 
Pass. Overall spawning age composition was 11% age-3, 79% age-4, 4% age-5, 3% age-6, 2.6% 
age-7 or older fish (Fig. 8).  

2021 
We conducted 58 hours of spring aerial surveys during 20 flights from March 28 to April 29, 
2021 (Fig. 7). PWS herring schools observed in 2020 and 2021 were more widespread and 
numerous than in recent years. Spawn was documented at Red Head (March 28), Hells Hole and 
Knowles Bay (April 1–7), Tatitlek (April 21–29), Boulder Bay (April 18–19), near Bligh Island 
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(April 18–22), Port Etches (April 21–22), Hawkins cutoff (April 18), Canoe Pass (April 19), 
Zaikof Bay (April 19–20), Stockdale Harbor (April 20–21), Graveyard Point (April 20–21), and 
near Kayak Island (April 16-17) (Fig. 15). Total PWS mile-days of milt were estimated at 25.6 
mile-days. 

 

Figure 15. 2021 timing and distribution of Prince William Sound herring spawn. Gray 
lines are aerial survey routes. 

Sampling was conducted aboard the R/V Solstice and by private vessels contracted by the Prince 
William Sound Science Center (PWSSC). A total of 4,120 herring were collected from 8 
locations: Bligh Island, Canoe Pass, Double Bay, Graveyard Point, Hell’s Hole, Kayak Island, 
Port Etches, and Zaikof Bay. 2021 was the first year an ASL sample has been collected from 
Port Etches. Overall spawning age composition of PWS samples collected were 14% age-3, 14% 
age-4, 67% age-5, 3% age-6, 2% age-7, and <1% age-8 or older fish (Fig. 8).  
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DISCUSSION 
There were no hypotheses to be tested from this monitoring project. We continued long-term 
monitoring efforts of aerial surveys to collect data associated with spring Pacific herring 
spawning events and collected and processed ASL samples from pre-spawn and spawning 
aggregations of Pacific herring. These objectives were completed with methodology consistent 
with the historical time series. The lowest level of documented spawn as well as the most 
contracted area of spawn since surveys began in 1972 occurred in 2018. Since 2019 we have 
observed an increase in mile-days of milt, spawning biomass and spawning area. This is driven 
by the large recruitment event of age-3 fish to the spawning population in 2019 which was 
observed in other herring stocks statewide. Length at age declined in most age classes between 
2017 and 2019, reaching the lowest values observed since 2009/2010. Length at age increased in 
2020-2021. Weight at age declined in all age classes between 2017 and 2020 reaching the lowest 
values observed since 2005/2006. Weight at age increased in 2021. We have continued to 
document a male sex bias in cast net sampling from performing concurrent ASL collections with 
varying gear types, including variable mesh gillnet, purse seine and cast net.     

This project successfully met the objective of providing a vessel, the R/V Solstice, as a research 
platform and providing data to other Herring Research and Monitoring (HRM) projects. We 
coordinated and collaborated with all HRM projects. We provided daily aerial survey results and 
boat-based observations to field programs and ADF&G management and research staff. We 
provided ADF&G personnel, equipment, and facilities for disease sampling (project 21120111-
E), and reproductive maturity sampling (project 19170111-D). We aged ~300 herring, collected 
gonad samples, and provided transport logistics for the disease project annually (project 
21120111-E). We provided herring ASL results to the adult acoustics survey (project 21120111-
G) and tagging and tracking project (211720111-B) and provided aerial survey and ASL results 
to the modeling and stock assessment project (project 21120111-C) for the duration of this 
project.  ASL and aerial survey data were provided for spawn phenology analysis published in 
Dias et al. (2022). During the COVID-19 pandemic, we performed disease sample collection and 
field processing for the U. S. Geological Survey Marrowstone Lab in collaboration with the 
PWSSC in 2020 and 2021.  

The results of both the aerial surveys and age/size structure have been critical to the management 
of herring commercial fisheries in PWS. The estimates of aerial biomass as well as acoustic 
biomass and age structured assessment model outputs were central in evaluating the population 
in relation to regulatory thresholds set in the PWS Herring Management Plan (5 AAC 27.365).  

CONCLUSIONS 
This project documented mile-days of milt and age composition of the spawning population of 
Pacific herring in Prince William Sound from 2017 through 2021. The 2018 mile-days of milt 
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estimate is the lowest documented estimate since the surveys began in 1972. Mile-days of milt 
have consistently increased since this historic low, primarily driven by the large recruitment of 
age-3 fish to the spawning population in 2019. This cohort has composed a large proportion of 
the spawning population since.  
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