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Introduction
The management of natural resources is often disrupted 
because of considerable uncertainty in the decision-mak-
ing process. Adaptive management serves as a framework 
to progressively reduce uncertainty through a series of 
structured steps (Holling 1978; Walters 1986; Lee 1993). 
Greatly simplified (see detailed review in Murphy and 
Weiland 2014), adaptive management begins with a for-
mal evaluation of the question at hand and the outcomes 
of alternative management actions using the best avail-
able science. An initial decision is made after analyzing 
and integrating the tradeoffs among conservation and 
stakeholder objectives. The process continues by imple-

menting a monitoring plan capable of collecting new data 
to address uncertainties in the decision and to test a set 
of prioritized hypotheses to fill relevant knowledge gaps. 
The cycle ends with management responding to these new 
sets of data with affirmation or changes to public policy.

This process, however, is often derailed at the very begin-
ning owing to the lack of data to make a formal evalua-
tion of the problem and to make definitive management 
decisions, particularly when dealing with rare, threatened, 
or endangered species (Sutherland et al. 2004; Bland and 
Collen 2016). In many instances, scientific evaluations of 
the status of a species with limited data conclude with a 
species simply being categorized as “data-deficient” (IUCN 
2018) or a government agency dismissing a petition due 
to insufficient information to move forward (NMFS 2007a; 
Kelly et al. 2017). Data deficiencies and information gaps for 
species-of-concern generally persist through most stages of 
the management process, beginning with the initial task of 
determining whether a species or population is at risk and 
meets the criteria to be listed and/or protected, through 
efforts to monitor population abundance and determine 
causes of risk, to final conclusions about recovery of a 
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species (Doremus 2008; Harris et al. 2012; Bland et al. 
2017). In these situations, it is imperative to take advantage 
of any and all sources of knowledge and expertise.

Citizen science can be an invaluable tool in obtaining 
relevant and necessary data in data-poor and limited-fund-
ing situations. Local user groups and stakeholders gain 
knowledge from their daily observations of a species or 
particular areas, and many become experts in the spatial 
and temporal distribution of their target species or habitat. 
Including expertise from non-scientists, often called local 
or traditional ecological knowledge (Huntington 2000), in 
the formal scientific process has received much attention 
over the last decade (Anadón et al. 2009; Azzurro et al. 
2011; Beaudreau and Levin 2014; Bastari et al. 2017) and 
has been recognized as an important step in our ability to 
make the best management and public policy decisions, 
particularly in data-poor situations (Bonney et al. 2009; 
Tulloch et al. 2013).

In this paper, we present an example of collaboration 
and engagement between the management, scientific, 
and stakeholder communities that integrated expertise 
across the communities which resulted in changes to pre-
vious public policy decisions and provided a framework 
for future scientific and management endeavors. Our goal 
is to show how citizen science input and research support 
was absolutely essential to achieving a positive policy out-
come: The delisting of a species from protection under the 
US Endangered Species Act (ESA) based on sound science. 
Specifically, three species of rockfish (Sebastes spp.) were 

listed under the ESA in Puget Sound, WA, USA, although 
that decision was made in an extremely data-poor 
scientific environment (Drake et al. 2010). Subsequent 
research to fill crucial data gaps relied heavily on 1) the 
local ecological knowledge of the recreational fishing 
community for locating these rare rockfish species and 
2) their bottom fishing expertise for collecting enough 
genetic samples of these rockfishes (Andrews et al. 2018). 
The samples collected owing to their knowledge and skill 
provided new information on rockfish population struc-
ture (Andrews et al. 2018) and led to the delisting of one 
threatened rockfish species and the broadening of popu-
lation boundaries for a second threatened species (NMFS 
2017a). Here, we describe the public policy issue and 
efforts to engage stakeholder communities in the Puget 
Sound region, provide summaries of stakeholder contri-
butions to scientific results and management decisions, 
and conclude with descriptions of secondary benefits of 
the collaboration among the three communities.

The public policy issue on the table
In 2010, the U.S. National Marine Fisheries Service 
(NMFS) listed three species of rockfish in the Puget 
Sound/Georgia Basin (PSGB) region of Washington State 
(PSGB; Figure 1) either as “threatened” (yelloweye rock-
fish Sebastes ruberrimus and canary rockfish S. pinniger) 
or “endangered” (bocaccio S. paucispinis) in accordance 
with the ESA (NMFS 2010). These listings were designated 
based on research and analyses conducted by NMFS’s Bio-

Figure 1: Map of the Puget Sound/Georgia Basin distinct population segment for each of three ESA-listed rockfish 
species in the original 2010 listing (solid line) and in the 2017 update for yelloweye rockfish (dashed line) and regions 
sampled (line breaks) with volunteer anglers for genetic analyses.
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logical Review Team that concluded: (1) the PSGB popula-
tion of each species met the biological criteria of a listable 
unit as defined by the joint U.S. Fish & Wildlife – NMFS 
interagency policy (USFWS-NMFS 1996); and (2) decreas-
ing trends in abundance of rockfish in Puget Sound over 
the previous 50 years suggested moderate-to-high risk 
of extinction for these three species (Drake et al. 2010). 
The definition of a listable unit under the ESA includes 
taxonomically identified species and subspecies, as well as 
distinct population segments (DPS) (USFWS-NMFS 1996). 
Each rockfish species in this case was designated as a DPS, 
with their boundaries surrounding the Puget Sound/Geor-
gia Basin region (Figure 1). However, most of the analyses 
supporting these designations were based on indirect evi-
dence from other rockfish species in the region or from 
populations of target species outside the region because 
there was very little or no direct information available to 
evaluate the listing criteria for the three species in Puget 
Sound (Drake et al. 2010).

The ESA listings led to regulatory changes to both com-
mercial and recreational fisheries in Puget Sound in 2010. 
Large-scale, non-tribal commercial fishing for rockfish 
and other bottom-dwelling fish peaked in the 1980s and 
dropped steeply in the 1990s following intense overfish-
ing of rockfish and other species (Williams et al. 2010). 
With bans on bottom trawling in 1989, roller gear in 1991, 
and commercial jig and troll gear in 1992, essentially 
all non-tribal commercial fishing for rockfish in Puget 
Sound has been banned for the last 30 years (Williams 
et al. 2010; Tolimieri et al. 2017). However, six additional, 
relatively small-scale non-tribal commercial fisheries that 
encountered the listed rockfish species as bycatch were 
closed in 2010 (WDFW 2010). In the recreational fisher-
ies, retaining yelloweye and canary rockfish had been 
banned since 2001, but when the ESA listings occurred, 
targeting, retaining, or possessing any rockfish species 
and recreationally fishing for other “bottomfish” deeper 
than 36.6 meters was prohibited within the geographi-
cal boundaries of the DPS in Washington State (WDFW 
2015). Puget Sound is a fjordlike estuary with relatively 
steep shorelines and an average depth of 62.5 meters and 
a maximum depth of approximately 300 meters (NMFS 
2007b); thus, the new restrictions applied to a consider-
ably large proportion of the region. These management 
actions were all implemented to reduce direct and indi-
rect mortality of the three ESA-listed rockfish species 
because these target fisheries occurred at similar depths 
and in similar habitats with the listed rockfish species. To 
manage each population effectively and to ensure that 
regulations do not put undo constraints on various user 
groups or human activities, it is important to have confi-
dence in the listings and the geographical boundaries set 
for each species’ DPS.

To increase our ability to successfully manage these 
populations and to reduce uncertainty in management 
decisions, new information needed to be collected from 
these species in Puget Sound. One efficient and cost-effec-
tive method to gather new information (Dickinson et al. 
2010; Tulloch et al. 2013) and to determine what manage-
ment actions will work best for recovery of these species 

is to engage and enlist the knowledge and expertise of the 
affected user and stakeholder groups (Enquist et al. 2017).

Citizen engagement in cooperative research
At the onset of the listings, the NMFS and the Washington 
Department of Fish & Wildlife (WDFW) began a process to 
engage local user groups and stakeholders. This process 
began with a series of workshops, attended by local, state 
and federal wildlife managers and scientists and public 
user and stakeholder groups including the recreational 
fishing and SCUBA diving communities (NMFS 2017b). 
Research by academia, supported by NMFS, was then con-
ducted to determine the key elements of successful citi-
zen science/collaborative research programs (Browning 
2013) and to understand how much the local recreational 
fishing community knew about rockfish populations in 
Puget Sound, their fishing practices and their preferences 
on potential recovery actions (Sawchuk et al. 2015). The 
results of these research projects (see “Education and 
Stewardship” below) were communicated broadly with 
user and stakeholder groups in the region, forming a basis 
for trust and working relationships between the manage-
ment, scientific and stakeholder communities. As these 
relationships broadened over the next couple of years, 
motivated user-group leaders, managers and scientists 
met to brainstorm projects and secure funding that would 
fill some of the knowledge gaps related to rockfish in 
Puget Sound.

Combining the necessary sampling/experimental 
design practices of scientists with the historical knowl-
edge and trade expertise of user groups allowed us to 
begin collecting new, reliable data for ESA-listed rockfish 
in Puget Sound. Volunteer anglers and SCUBA divers have 
successfully helped to collect specimens and data across 
four research projects to date. First, genetic samples of 
ESA-listed rockfish were collected to determine whether 
each species met criteria for being listed under the ESA. 
Second, yelloweye rockfish were targeted, collected and 
tagged with acoustic transmitters to monitor daily and sea-
sonal movement patterns. Third, citizen scientist SCUBA 
surveys have begun to collect new data on the spatial and 
temporal distribution of young-of-year, juvenile and adult 
rockfish in nearshore habitats of Puget Sound. Preliminary 
investigations have shown that efforts to perform scien-
tifically rigorous surveys among local dive club members 
in Puget Sound have increased each year (Figure 2A), and 
variation in the data collected appears to be decreasing 
over time (Figure 2B). Fourth, volunteer anglers are par-
ticipating in a project targeting lingcod (Ophiodon elon-
gatus), a species with an active recreational fishery which 
lives in similar habitats as protected rockfish, using dif-
ferent bait types to examine whether bycatch of rockfish 
can be limited in this fishery while maintaining adequate 
opportunities to fish for lingcod. Each project has been 
successful because of the local ecological knowledge and 
expertise of these groups.

The data collected from these research projects address 
multiple data gaps identified in the recovery plan for 
these species (NMFS 2017b) and will be tied together to 
inform future management decisions. Data collected by 
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volunteer SCUBA divers prior to and following the listing 
(REEF surveys; Pattengill-Semmens and Semmens 2003) 
were combined with formal scientific surveys by WDFW 
to estimate population trends for the initial listing pro-
cess (Drake et al. 2010) and the five-year ESA review of the 
rockfishes listed in Puget Sound (NMFS 2016; Tolimieri 
et al. 2017). Data from the movement and bycatch stud-
ies are still being analyzed, so they have not been used 
in any management decisions to date, but were designed 
to address questions related to critical habitat designa-
tions and fisheries management strategies. These efforts 
will continue to help managers evaluate alternative man-
agement strategies and identify if/when recovery goals 
have been met for these populations. However, the most 
concrete example from this research program of citizen 
science being used to inform public policy comes from 
the genetics project examining whether these species 
meet the criteria of being listed under the ESA.

Genetics of ESA-listed rockfish
Background
The original 2010 listing process concluded that each 
of the three species qualified for listing under the ESA 
because they met the criteria of being a DPS. Two cri-
teria must be met for a population to be designated a 

DPS: (1) it must be “discrete” from other populations of 
the same species, and (2) it must be “significant” to the 
remainder of the species (USFWS-NMFS 1996). There was 
near unanimous support within the Biological Review 
Team for the “significance” criterion for each species based 
on the oceanographic and ecological isolation of the PSGB 
region, but there was significant uncertainty for the “dis-
creteness” criterion (Drake et al. 2010).

Several factors can be used as evidence to determine 
whether a population is “discrete” from other popula-
tions of the same species, including marked differences in 
physical, physiological, ecological, morphological, behav-
ioral and/or genetic characteristics (USFWS-NMFS 1996). 
In this case, geographical boundaries of Puget Sound and 
species-specific life history characteristics (e.g. adult/juve-
nile movement, timing and duration of larval dispersal, 
reproductive capacity, growth rates) were considered, but 
the final determination of discreteness relied heavily on 
indirect genetic evidence from other rockfish species and 
other fish taxa in Puget Sound because no genetic sam-
ples from the three species under review were available 
from Puget Sound. Of primary relevance was that genetic 
divergence had been found between Puget Sound and 
coastal populations for every other rockfish species that 
had been studied in this manner to date (e.g. Seeb 1998; 

Figure 2: A) Sampling effort and B) coefficient of variation in data collected during citizen science SCUBA diving 
 surveys for young-of-year, juvenile, and adult rockfish in Puget Sound.
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Buonaccorsi et al. 2002; Buonaccorsi et al. 2005). The 
most direct evidence for the species of interest was a com-
parison that showed subtle differences in genetic struc-
ture between yelloweye rockfish populations just north of 
Puget Sound, in waters east and west of Vancouver Island, 
British Columbia (Figure 1; Yamanaka et al. 2006), which 
has subsequently been verified in a more recent study 
(Siegle et al. 2013). This research suggested that popula-
tions in the inland marine waters of British Columbia (i.e., 
east of Vancouver Island) may be isolated with respect 
to larval dispersal and adult movement from outer coast 
populations. However, no samples from US waters were 
included in this analysis to determine whether Puget 
Sound individuals also showed divergence from coastal 
individuals. Thus, there remained considerable uncer-
tainty in the discreteness criterion for these three rockfish 
populations in the PSGB region. The primary objective of 
this project was to directly test whether individuals of the 
ESA-listed species in Puget Sound were genetically dis-
tinct from individuals of the same species collected on the 
outer coast.

Methods
We collaborated with state biologists at the WDFW, local 
charter boat captains and local recreational fishing clubs 
to collect genetic tissue samples from each species inside 
and outside the DPS (Andrews et al. 2018). Because these 
species occur in very low densities and live in complex, 
rocky habitats, routine sampling operations (e.g., bot-
tom trawl surveys) were not capable of collecting enough 
individuals for adequate analysis, and trawling generally 
results in high mortality rates. Thus, we relied on the col-
lective knowledge of the fishing and research communi-
ties and the trade expertise of volunteer anglers to locate 
and collect fish, respectively, for tissue samples from these 
rare species with comparably low direct mortality.

We began by collating known locations of each listed 
rockfish species from historical scientific and recreational 
fishing surveys. The greatest amount of data came from 
WDFW surveys of recreational fishermen; however, these 

data provided very general information – catch locations 
were identified by large marine areas without specific fish-
ing sites and often, species were recorded only as “rockfish” 
instead of the exact species name. Direct observational 
data from WDFW, including bottom trawl, remotely oper-
ated vehicle, SCUBA diving, and drop-camera surveys, 
provided very specific density and location information, 
but these observations were limited in spatial and tempo-
ral distribution. Thus, to collect enough genetic samples 
from these species throughout the region, we needed a 
broader source of information.

We attended two local fishing club meetings to describe 
the planned research and to ask anglers to record their 
memories of where they had caught yelloweye rockfish, 
canary rockfish, and bocaccio by circling areas that they 
would fish on maps we brought to the meetings (Figure 3). 
This effort provided a baseline of potential locations to 
sample throughout Central Puget Sound, Hood Canal, the 
San Juan Islands, and the Strait of Juan de Fuca (Figure 1). 
Subsequently, other researchers shared information from 
their formal interviews of other scientific researchers in 
the region to identify and map “hot-spots” of rockfish 
populations (Antonelis et al. 2016).

Using historical locations from scientific surveys, maps 
from the club meetings, and shared information from 
the “hot-spot” interviews, we identified and selected sites 
based on the logistics of getting to these sites and the 
general likelihood of catching ESA-listed rockfish at the 
site. We used bathymetric maps of Puget Sound (Finlayson 
2005) to determine the “likelihood” of a site being within 
appropriate depths (~30–100 m) and with suitable com-
plex habitat (e.g., narrow bathymetric lines) for these spe-
cies. A site generally consisted of ocean bottom that was 
contiguously rocky and complex at the scale of approxi-
mately 300–700 meters of shoreline.

Using funding from the National Oceanic and 
Atmospheric Administration (NOAA) Cooperative 
Research Program, we engaged in a competitive  bidding 
process to select recreational fishing charter captains 
and their vessels to use as a platform for each day of 

Figure 3: Example of maps showing locations where local anglers described where they used to fish for and catch 
ESA-listed rockfish.
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fishing/sampling across the five sampling regions. For 
each fishing day, we recruited volunteer anglers based 
on either a request-for-anglers email distributed by two 
fishing clubs (Puget Sound Anglers and the Kitsap Poggie 
Club) or through captain invites. We asked volunteers 
responding to the fishing club messages about their bot-
tomfishing experience prior to inviting them out on the 
boat; this was important to ensure efficiency of fishing 
effort in complex, rocky bottom habitat, and was particu-
larly used to select volunteers for days with more volun-
teers than could effectively fish on each boat. In addition 
to supplying sampling locations and their time and exper-
tise volunteering to fish, anglers from the Puget Sound 
region provided recommendations for charter boat cap-
tains to hire as the platform for fishing and sampling. The 
selected charter boat captains provided expert guidance 
in how and when to fish for these species (e.g., best tidal 
and seasonal conditions) and were extremely engaged in 
a competition among themselves to see who could locate 
and capture more of these fish for the project. Moreover, 
several of the captains recruited more volunteer anglers 
whom they knew were very successful catching these spe-
cies in the past.

With the captains piloting their vessel, volunteer anglers 
to catch fish, and one biologist on board to sample the 
catch, we fished for 73 days in five regions inside and 
outside Puget Sound (Figure 1) using common bottom 
hook-and-line fishing methods, including jigging hooks 
with bait (herring and squid) and artificial lures, to cap-
ture specimens at depths generally between 30 and 100 
meters. For each fish collected, we recorded latitude and 
longitude of the boat, the bottom depth at the time of 
capture, fork length, weight, and sex (if visually distin-
guishable). A small tissue sample from the caudal fin was 
collected from each fish and stored in 95% ethanol for 
subsequent genetic analyses.

The methods of the genetic analysis are described in 
detail in Andrews et al. (2018). Here, we present the results 
from one of those analyses, a principal components analy-
sis. Briefly, this analysis reduces the amount of variation 
observed across thousands of regions of the genetic code 
among individual fish into two principal component 
axes that explain the most variation among individual 
fish. Each individual is plotted in two-dimensional space 
according to these two principal component values, and 
individuals closer to each other share similar variations in 
the genetic code, while individuals farther away from each 
other are more genetically distinct.

Formal estimates of catch-per-unit-effort were not cal-
culated owing to the selective nature of our sampling 
design. We targeted sites of historical success, collected 
samples from a few individuals, and then moved to other 
sites to reduce bias in the genetic results that might 
occur by collecting large numbers of individuals from the 
same location.

Rockfish captured at these depths often incur baro-
trauma, injuries caused by the overexpansion of gases in 
the fish’s swim bladder as pressure changes with depth, 
including eversion of the esophagus, bulging eyes, and air 
bubbles in the eyes and tissues (e.g., Parker et al. 2006; 

Jarvis and Lowe 2008; Pribyl et al. 2009). When released 
at the surface, these fish generally do not have enough 
strength to overcome this extra buoyancy and cannot 
swim back down to the bottom on their own, thus becom-
ing floating prey to birds and other predators. During our 
fishing trips, we used a Seaqualizer® descending device 
to release any rockfish that showed external signs of baro-
trauma that might keep them from being able to descend 
on their own. This device was attached to the line on a 
fishing rod or downrigger, then clipped to the fish’s lip 
and sent to the ocean bottom with a heavy weight. At a 
specified depth, the clip opens up and releases the fish. 
By this time, the gases in the swim bladder have recom-
pressed and the fish is able to make it the rest of the way 
to the bottom, thus minimizing indirect mortality caused 
by not being able to submerge on its own (Jarvis and Lowe 
2008; Hochhalter and Reed 2011).

In addition to the samples collected during these fish-
ing trips, we obtained fin clips of each species in regions 
outside of Puget Sound, captured in other monitoring 
programs conducted by various state and federal agencies 
in the United States and Canada (Andrews et al. 2018). 
The conditions set by the recreational fishing communi-
ty’s knowledge of previous fishing sites, bottom-fishing 
expertise by volunteer anglers, highly motivated captains, 
and an extremely collaborative scientific community pro-
vided the necessary framework for successful collection 
and gathering of adequate numbers of samples to answer 
our primary question.

Results
Over the course of the study, we sampled at 67 sites rec-
ommended by the research community based on histori-
cal locations taken from scientific surveys and answers 
from “hot-spot” interviews and 164 sites recommended by 
the recreational fishing community based on information 
gathered at club meetings, from the captains’ input and 
from other volunteer anglers’ memories (Figure 4). Most 
of the sites we sampled that were recommended by the 
fishing community were based on knowledge of the indi-
vidual captains and volunteer anglers within each of the 
geographic regions that they generally fished in. Histori-
cal information from ROV surveys and science SCUBA div-
ing surveys provided most of the sampling sites provided 
by the research community. Sites provided by the fishing 
community tripled the number of locations we were able 
to collect samples from for ESA-listed rockfish, but also 
resulted in fishing at 50 sites where we were caught zero 
fish – 30% of all fishing community sites.

We selected nine recreational fishing guides to provide 
their knowledge, expertise, and fishing vessel to sample 
across the five geographic regions and recruited 109 vol-
unteer anglers to come out on the captain’s vessels to 
target ESA-listed rockfish species. There were generally 
2–4 volunteer anglers on each trip (Figure 5A), but cer-
tain captains preferred to fish as well as pilot the vessel 
at the same time, so the number of volunteers varied by 
day and by captain. All but one of the vessels were set up 
to fish most efficiently with 4 anglers fishing at one time, 
while one vessel was much larger and could efficiently 
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fish up to 8 anglers at one time. Eighty-one of the 109 
volunteers came out on one or two fishing trips, but we 
also had three volunteers that came out on at least nine 
trips (Figure 5B).

We collected 1,676 bottomfish and took 1,111 genetic 
samples from fish of various taxa during these fishing 
trips. We collected a majority of four different fish taxa 
groups (Figure 6A) and ESA-listed rockfish (Figure 6B) 
at sites recommended by the recreational fishing commu-
nity. More bocaccio and canary rockfish were caught and 
sampled at sites recommended by the research commu-
nity, while the vast majority of yelloweye rockfish were 
caught and sampled at sites recommended by the fishing 
community (Figure 6C). One anecdote exemplifying the 
precision of the recreational fishing community’s memo-
ries of good fishing locations was the collection of one 
of the three bocaccio. We fished at a site based on the 
40-year-old childhood memory of a volunteer angler and 
located the “fishing hole” by triangulating the boat’s posi-
tion based on a road and a large rock located on shore – 
during the first set at this site, we caught a bocaccio.

The genetic analyses using fish collected during these 
fishing trips showed two main results (Andrews et al. 
2018). First, using principal components analysis (PCA) 
of the genetic data, we found that yelloweye rockfish 
collected inside and outside the DPS grouped into three 
genetic clusters (Figure 7A) – one cluster consisted of 
only individuals collected outside the DPS, the second 
cluster consisted of individuals collected from both inside 
and outside the DPS and the third cluster consisted of 
only individuals from the Hood Canal region within 
the DPS (with the exception of one individual). Looking 
more closely at the second cluster, the majority of indi-
viduals collected from outside the DPS were from sites 
further north in the inland waters of the Strait of Georgia, 

Figure 4: Summary of contributions by recreational fishing and research communities to site selection and number of 
sites with catch of major Puget Sound taxa categories during the population genetics study of ESA-listed rockfish in 
Puget Sound, WA, USA. Number of sites in each column will not add up to total number of sites due to multiple taxa 
being caught at the same sites.

Figure 5: Number of A) anglers per day and B) fishing 
trips volunteered for by 109 volunteer anglers across 73 
fishing trips across the five sampling regions.
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British Columbia, Canada (Desolation Sound and Upper 
Johnstone Strait; Figure 1). Thus, the PC1 axis separated 
yelloweye rockfish into coastal and inland-waters groups, 
while the PC2 axis separated Hood Canal yelloweye from 
other PSGB yelloweye (Figure 7A). Second, we found 
no evidence of population structure for canary rockfish 
among the regions sampled as seen by the complete over-
lapping of individuals from multiple regions (Figure 7B). 
The results from this PCA were confirmed by two other 
analytical approaches testing for population structure 
in each species (Andrews et al. 2018). We did not collect 
enough samples (3) to draw conclusions about stock 
structure of bocaccio. This may be due to bocaccio inhab-
iting more sandy/muddy habitats in deep water (>100 m), 
which were underrepresented in our sampling design due 
to efficiencies in sampling rocky habitats, which are pre-
ferred by the other two ESA-listed species. However, we 
continue to collaborate with the charter boat captains 
to collect fin clips, length data, and location information 
from any bocaccio that are incidentally caught during 
their normal business operations – this has resulted in 
one additional fin clip from this extremely rare species.

Discussion
The involvement, knowledge, and bottom fishing exper-
tise of the recreational fishing community directly led 
to the collection of the necessary number of genetic 
samples from two of the three ESA-listed rockfish spe-
cies. Moreover, we were able to obtain samples from a 
much larger number of sites than would have resulted 
from sampling only sites known to the scientific research 
community. This was critical to the interpretation of the 
scientific results because it provided confidence that the 
results were representative of the larger Puget Sound and 
Georgia Basin (in the case of yelloweye rockfish) regions 
and not just from a handful of geographic locations. Most 
of the volunteer anglers came out only once, but some 
participated on multiple days – this provided lots of 
opportunity for including stakeholders in the collection 
of scientific data while also allowing the expertise of cer-
tain volunteers to contribute efficiently to the collection 
of the necessary samples.

The results of the genetics project (Andrews et al. 2018) 
provided new, direct information regarding management 
of the ESA-listed rockfishes in Puget Sound. First, the new 

Figure 6: Number of fishes caught and sampled across A) four bottomfish taxa, B) ESA-listed and non-ESA-listed fish, 
and C) individual ESA-listed rockfish species at sites recommended by the local recreational fishing or scientific 
research communities across the five geographic regions.
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data and analyses supported the original listing decision 
that yelloweye rockfish in Puget Sound were discrete from 
coastal populations and met the first criterion of being 
a DPS. These analyses suggested limited connectivity 
between populations of yelloweye rockfish in the inland 
waters of Washington State and British Columbia and 
the outer coast population. Thus, if the PSGB population 
continues to decline, it is unlikely to be replenished by 
individuals from the outer coast and will continue to be 
at risk of extinction. Yelloweye rockfish are prone to over-
fishing: The population along the US west coast recently 
had its overfished status lifted but is still considered to 
be rebuilding because its biomass is below management 
goals (Gertseva and Cope 2018). Yelloweye rockfish in 
inland marine waters of British Columbia, Canada have 
been designated as a species of Special Concern (COSEWIC 
2008) as the species was at 12% of unfished biomass in 
2010 (Yamanaka et al. 2012), well below the 40% manage-
ment reference point (DFO 2006). There are limited data 
on the population status and trends of yelloweye rockfish 
in the PSGB, and the analyses performed to date are based 

on inferences using overall rockfish abundance and assem-
blage structure (Drake et al. 2010; Tolimieri et al. 2017), 
but collecting these data is one of the key research priori-
ties of the recovery plan (NMFS 2017b). Clearly, successful 
management and conservation of yelloweye rockfish in 
the inland marine waters of the PSGB should include coor-
dinated international efforts between the US and Canada.

Second, the new data and analyses showed that canary 
rockfish collected in Puget Sound were not genetically 
differentiated from the canary rockfish collected on the 
outer coast, and suggested that they may not meet the 
first criterion of being designated as a DPS. The genetic 
similarities across inland and coastal regions for canary 
rockfish suggest a relatively sufficient level of connectiv-
ity, due to adult movement or larval dispersal. Thus, even 
with low numbers of canary rockfish in the PSGB region, 
it appears likely that replenishment from a healthy coastal 
population can occur during years of good environmental 
and reproductive conditions. The canary rockfish stock on 
the outer coast of the US was declared overfished in 2000, 
but was declared rebuilt in 2015 (PFMC 2015).

Figure 7: Principal components analysis reveals A) three population clusters for yelloweye rockfish and B) no popula-
tion structure for canary rockfish across sampled geographic regions. Each symbol represents an individual fish from 
locations identified by shape and color of symbol. DPS: The original distinct population segment shown in Fig. 1. 
Reprinted by permission from Springer Nature: Conservation Genetics Andrews et al. 2018.

https://link.springer.com/article/10.1007/s10592-018-1060-0
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Public policy decision-making
Citizen science has contributed in many instances to 
research and recovery planning related to protected spe-
cies. Volunteer birders, for example, provide a wealth of 
data on abundance and distribution of birds, leading to 
enhanced federal protection of some declining popula-
tions (Hudson et al. 2017) and information on the non-
market value associated with biodiverse locations and 
sightings of endangered species (Kolstoe and Cameron 
2017). Citizen scientists have collected decades of data 
on the abundance and migration timing of Eastern North 
Pacific gray whales (Eschrichtius robustus). The data come 
from sighting locations that are suboptimal for population 
census, and thus were not used in the decision to delist 
gray whales from the Endangered Species List in 1994; 
however, the data provide helpful information on migra-
tion timing, seasonal behavior, calf numbers, and whale-
human interactions to federal researchers and managers 
(Rugh et al. 1999). Similarly, homeowners in southern 
Arizona provided data on age, size, sex, and feeding behav-
ior of lesser long-nosed bats (Leptonycteris yerbabuenae) 
that appeared at hummingbird feeders; these bats were 
delisted in 2018, and although the citizen science data 
could not be used for population determinations, they 
nevertheless provided helpful and previously unavailable 
information on the bat’s life history and patterns of habi-
tat use (USFWS 2016). A more analogous effort to ours 
followed the delisting of gray wolves (Canis lupus) under 
the ESA in 2012: Regulated hunting of wolves resumed 
after that decision, and genetic information derived from 
muscle tissues provided by hunters in Minnesota indi-
cated that wolf population structure changed and migra-
tion distances decreased in the years immediately after 
hunting resumed (Rick et al. 2017). Clearly, citizen science 
can provide valuable information for the conservation 
and management of threatened and endangered species. 
The information provided by lethal (or non-lethal) tissue 
sampling can be especially valuable given the importance 
of population structure in ESA listing determinations 
and the advances in genetics research; thus, partnerships 
between researchers, managers, and stakeholders such as 
anglers or hunters present important opportunities.

In our study, the new genetic analyses derived from the 
collaboration with recreational anglers and charter cap-
tains were presented to NOAA’s original Biological Review 
Team (BRT) during the mandatory five-year review update 
for ESA-listed species in November 2015 (NMFS 2016). 
Upon reviewing this information, the BRT provided two 
main conclusions to the Protected Resources Division of 
NOAA’s West Coast Regional Office: (1) the new genetic 
information supported the previous conclusion that yel-
loweye rockfish from the PSGB are discrete from coastal 
populations, but that the northern boundary of the 
yelloweye rockfish DPS appeared to be farther north in 
the Queen Charlotte Strait rather than at the originally 
designated boundary at the northern Strait of Georgia 
(Figure 1); and (2) the new genetic information indicated 
that canary rockfish in the PSGB were not discrete and are 
likely part of a DPS that also includes populations on the 
outer coast.

Based on these conclusions, known life-history charac-
teristics and new information from other sources since 
2010 (e.g. Siegle et al. 2013), the NMFS wrote a draft ruling 
to (i) affirm the existence of and amend the DPS bounda-
ries for yelloweye rockfish, and (ii) delist canary rockfish 
from the ESA. This ruling went through a period of exter-
nal scientific peer review, public comment and responses 
to those reviews and comments. After consideration of all 
information available, the proposed ruling was made final 
on March 24, 2017 (NMFS 2017a) resulting in a shift in 
the DPS boundaries for yelloweye rockfish and the delist-
ing of canary rockfish.

The decision-making process in this case study is a good 
example of the way that the best available science led to 
an adaptive response by federal managers. Importantly, 
the angler surveys, genetics, movement, bycatch and 
SCUBA diving research projects in Puget Sound have 
provided a platform for the integration of formal science 
practices and the wealth of local ecological knowledge of 
user and stakeholder groups. These characteristics led to 
the collection of new data that resulted in new manage-
ment decisions, including the first de-listing of a marine 
fish species under the ESA. Having a highly engaged stake-
holder and scientific community working on the water 
closely together was essential for collecting the number of 
samples required to complete a statistically robust genetic 
analysis (Andrews et al. 2018), and to do so in a way that 
minimized handling mortality of these rare and protected 
species. Moreover, the collaboration fostered high levels 
of trust and commitment that helped guide the decision-
making process (Enquist et al. 2017).

Education and stewardship
In addition to the two public policy decisions result-
ing from the new data collections, a second mission for 
NMFS is to enhance public awareness, education, and 
stewardship of our marine resources. Including public 
volunteers in the data collection process provided an 
opportunity for two-way education between scientists 
and the public. One of the most asked questions by vol-
unteer anglers on these fishing trips was “How old is that 
fish?” Rockfish are generally long-lived, slow-growing 
and slow-to-mature species (Love et al. 2002). Previous 
research found that 42% of recreational anglers surveyed 
in Puget Sound did not know that rockfish are long-lived, 
yet anglers who reported knowledge of rockfish longev-
ity were more likely to perceive rockfish as threatened 
and to support recovery measures (Sawchuk et al. 2015). 
When a 43-cm yelloweye rockfish was caught and scien-
tists explained that fish could be anywhere from 10–80 
years old (Andrews et al. 2002) and have a 50 percent 
chance of being mature (Gertseva and Cope 2017), 
anglers immediately understood that these rockfish spe-
cies are vulnerable and will have a difficult time recover-
ing if they are overfished. On the other side, the tales of 
fishing with parents, siblings and friends told by anglers 
made it immediately clear to the scientists and managers 
what fishing means to the community and the lengths to 
which they are willing to go to help ensure the sustain-
ability of the resource.
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Finally, through this partnership, the recreational 
anglers are becoming leaders in community-level rock-
fish conservation through the use of descender devices. 
During our research fishing trips, we used descending 
devices to return rockfish back to their bottom habitat if 
they showed signs of barotrauma. Using these devices elic-
ited positive responses from the captains and volunteer 
anglers. Anglers shared many stories of having to release 
rockfish (due to no-take regulations) that were bloated 
and seeing them float away, unable to swim down under 
their own strength. As part of this cooperative research 
program, local fishing clubs have secured funding for, pur-
chased, and handed out descending devices to the public 
at boat launches and meetings to reduce indirect mortal-
ity of these species and to prevent closure of other fisher-
ies. With the support of fishing clubs such as Puget Sound 
Anglers, the state of Washington now requires the use of 
descending devices in recreational bottomfish fisheries to 
release rockfish at depth. Using descending devices also 
has become codified within the halibut fishery inside the 
DPS (NMFS 2018) and on the outer coast within the Pacific 
Fisheries Management Council’s regulations, whereby the 
recreational fishery receives “survival credits” for descend-
ing rockfish species (e.g., Bellman et al. 2013). Exposure 
to these new technologies during collaborative research 
has helped to promote conservation of rockfish, reduce 
bycatch mortality, and begun to increase fishing oppor-
tunities that once were lost. All of these “on the water” 
moments have created lasting, meaningful memories, 
enhanced trust within the recreational fishing commu-
nity of the scientific findings, a foundation for continued 
collaboration, and a strong sense of why stewardship of 
our natural resources is every citizen’s responsibility.

Conclusion
The ESA listing of three rockfish species in Puget Sound 
provided an opportunity for the scientific and stake-
holder communities to form a working relationship with 
a common goal – recovery and delisting of ESA-listed 
rockfish. This relationship has led to the development of 
research projects and the collection of much-needed new 
information that has provided the basis for new public 
policy rulings on threatened rockfish species. This is a 
great example of an adaptive management response to 
the original uncertainty in scientific advice and the sub-
sequent decision-making process based on that advice 
(Kelly et al. 2017). Notably, the scientific analyses respon-
sible for these updated decisions were based on new 
information gained, in large part, as a result of knowledge 
and expertise of citizen scientists in the recreational fish-
ing community. In times of limited funding for natural 
resource management and scientific inquiry, it is crucial 
to take advantage of all sources of knowledge and exper-
tise available to fill the gaps needed to answer manage-
ment-relevant questions. Other projects employing the 
knowledge and expertise of the fishing and SCUBA diving 
communities of Puget Sound will continue to be incor-
porated into the framework for monitoring and assess-
ing the recovery of the remaining two ESA-listed rockfish 
species in Puget Sound.
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