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Sticky Note
Salmonids are strong interactors in aquatic systems as they interact with a suite of species at a variety of life stages.


IS FISHERIES MANAGEMENT

A Practical Approach for Assessing
Ecological Risks Associated

with Fish Stocking Programs

By Todd N. Pearsons and Charles W. Hopley

ABSTRACT

As wild fish populations continue to decline, fisheries managers are increasingly concerned
about haw hatchery operations might be contributing to declines of highly valued wild popu-
lations. Ecological risk assessments can provide decision makers with critical information
about potential effects of stocking. In this paper we describe a practical approach for assess-
ing ecological risks to select nontarget taxa (NTT) associated with fish stocking programs.
This approach requires the completion of five tasks: (1) Determine acceptable impacts to NTT
(e.g., impact of 10% to a species distribution, abundance, or size structure); (2) determine
potential spatial-temporal averlap of NTT life stages with target taxon; (3) determine poten-
tial strong ecological interactions; (4) determine ecological risk; and (5) determine scientific
uncertainty of ecological risk assessment. These tasks are accomplished by analyzing informa-
tion gathered from scientists, managers, and policy makers. The result of the assessment is a
listing of the ecological risks and associated uncertainties of failing to meet a stated objective
for a variety of NTT. We also describe a decision matrix that prescribes various levels of

uncertainty resolution, risk

and stock-

strategies, risk

ing proposal implementation. Prescriptions reflect the amount of ecological risk and scientific
uncertainty. Application of ecological risk assessment concepts to hatchery stocking decisions
allows for a balanced approach when evaluating the benefits of hatchery stocking relative to
ecological costs fo nontarget populations and the economic costs of risk management.

he stocking of fishes into natural water sys
tems has occurred for more than a hundred
years, on almost every continent, and in many
instances without adequately anticipating or

have to ather species in the ecasystem. This lack of
placining has led to some undesitable outcomes, includ-
ing species endangerment and extinction (Miller et al
1989, Nehlsen et al. 1991; Lassuly 1995), New approaches
o fish stocking programs could be applied to minimize
undesirable impacts to aquatic communities, many of
which are already in peril. In this paper, we describe a
practical approach to assessing risks of Fish stocking
Pprograms that can be used to facilitate planning, We
have chosen to f ing risk «d with

of interactions may differ among types of fishes fe.g.,
bass and salmon) and the fypes of water they are stocked
inio (¢, rivers and lakes), the general principles that
we describe shuld apply to any stocking program
The stocking of anadromous salmanids has come
under increased scrutiny during the past decade in part
because of the potential for ecological and genetic im-
pacts that stocked salmonids are believed to have on
wild fish (Krueger and May 1991; Waples 1991; White
etal. 1995). Genetic risk to wild populations has received
considerabli attention (Waples and Do 1994; Busack
and Currens 1895; Currens and Busack 1995). However,
ecalogical risks have received less attention despite the
potential for hatchery fish to affect a greater number of

anadromous salmonid stocking programs because
anadromous salmonids are among the mast targeted
group of fishes for stocking and because they are stacked
into many waters with nontarget taxa (NTT) that are

+  highly valued or nearing extinction. Although the types

Todd N. Pearsons is ecological interactions teas leader
and Chasles W. Hopley is & reseirc scientist for the Wish-
ington Department of Fish and Wildlife, 500 Capitol Way
North, Olripia, WA 98501 pearstn @i gov.
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taxa in . For example, genetic risks asso
ciated with interbreeding are primarily restricted toa
single stock or species. In contrast, ecological risks may
extend to many classes of plants and aninals such as
fishes, birds, mammals, amphibians, trees, and insects,
Anadromous salmonids play key ecologieal roles in
many freshwater systems. Juvenibe salmonids prey on
other fishes, are preyed on by a variety of vertebrates,
and compele for resources wil ishes (Fresh
1997). Adult salmonids contribute marine-derived
hutrients to aquatic and terestrial ecosystems, and
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Table 3. Levels of precaution associated with differant levals of

ecological nsks and saentific uncertainty,

Lo uncertainty
High uncertainky

* Low risk
Loww

Medium High

HE risk
Very high

Table 1. Tasks required to perform an ecological nsk assess-
ment of a fish Stocking program,

I, Determine nontarget taxa objectives
A, Select walued nontarget tasa of concern (NTT)
B. Deterrmine status of NTT
€. Detgrrine acceptable impact level (2.5, 10% impact in
abundance and distibution)
. Determine ar hypothesize spatial-temporal overlap of tar-
get taxa with NTT life stages
A, Determine Type 1 overlap of target taxa and NTT by life
stage
B. Determine Type 2 overlap of target taxa and NTT by ie
slage
Determine or hypothesize strong ecological interactions
A. Determine the potential kinds of Type 1 and 2 ecologi-
cal interactions that might moowr
B. identify the kinds of interactions that are hypothesized
to be strong
I, Deterrmine ecologecal risk
A, Assess ecplogical rsk Tor each NTT (the probabdity of
failing to meet an objedtive for a NTT) by summing the
positree and negative interactions that might ocour
V. Dgtermane scientific wncertainty
A, Determine the level of scentific uncertainty of risk
assessment (standard deviation of risk assessments)

deemed acceptable.
Precaution  Uncertainty
resolution
Lows Wone
Mediem Some
High Much
‘ \ery high Litthe

Risk minimization
strategies
None

Some

Moderate

Extensive

Table 4. Action items based on levels of precaution (Tabde 3). All actions assurme that the stocking
provides a cost-efficent method of providing production benefits and that genetic risks have been

Risk containment
monitoring

Low effort
Muoderate effort

High effort

High effort

Stuclﬁns o :
proposal -
Proceed

Proceed with caution

Do net stock unless
adequate fisk contain-
ment measures are in
place or uncertinties
ane resabved,

Do not stock unless
adequate risk contain-
meént measures afe in
place

Stocking of fishes into natural water systems has frequently
occurred without adequately anticipating or understanding the con-
sequences to nontarget taxa.

Table 2. Template for assessing ecological risks to NTT relative to fish stocking programs. We provide an example of ane NTT relative to a
hypothetical stocking program.

Proposed Stocking Program: Target taxon Size at release
Date of release Nurmiber and location ______
b Crerlap® Interaction Strength® |
NTTE Statusd Type | Type 2 Type 1 Type 2 Risk= Uncertainty*
Irnpact Life stage Life stage Interaction Iteraction
Exarmple o108 Fry All CEBDM CREDNS T4 163
spesies or stock

|
—I |
|
I
= Type I: spatial and temporal overlap between released hatchery salmenids, residuals, and returning adults, and NTT.
Type 2: spatial and temporal overlap between all Bfe history stages of naturally produced affspring of retusming hatchery adults and NTT
ife slmgn.hfqr parr, smolt, adult (seimonids); age 0, juvenile, adults (other spedies) or all if overlap ocours for all life stages or none if no
overlap oceurs,
b Ecodogical interactions that could occur betwesn stocked anadromaus salmonids and NTT.
Negative interactions
compatition (C)—the presence of hatchery salmanids: limiting the availabifity of resources that NTT would use in the absence of hatchery
salmonids. This ocours when stocked salmonids and NTT use common resaurces, the supply af which is short (i.e, exploitative or indirect
compeltition); or of the resources are not in shart supply. competition occurs when hatchery salmenids limit access of NTT that are seeking
a desired resource (i.e, interference or direct competibon; Bich 1857).
ion (P)—the direct consumption of NTT by hatchery salmonids (dinect predation; Pd) or the increase in predation by other predator
species resulting from the presence of hatchery salmanids (indirect predation: £). indirect predation can accur theaugh the fellowing
mechanisms: (1) Hatchery salmonids displace NTT from prefemred habitat, making NTT mare vulnerable to predatars; or (2} the increased
abundance of hatchery salmenids attracts predators, causes predstors to switch prey, or increases population densities of pradators, which
can increase oonsumption of NTT, particulasy if NTT are preferred.
Behavieral anomalies (B)—the presence and behavior al hatchery salmonids alter the natural behavior of NTT. For example, migrating
hatchery salmonids may cause premature migration of NTT (e.g, pied-piper effect; Hillman and Mullan 1385) or may cause NTT ta
become less active (MeMichasl et al, in press).
pathagenic interactions {D)—the transter of a pathogen from hatchery salmonids to WTT {direct pathogenic interaction) or the mceased
susceptibility of NTT to pathegens (indirect pathagenic interaction),
mutrient mining (Wj—the carcasses of fish that would nommally reproduce naturally are collected for hatchery broodstock and are not des-
tributed back into the natural environment or are distributed inappropriatety. This results in a loss of nutrients/food that would ordinarily
be available re NTT.
Benefical interacions
Nustriant enrichment (Mj—increase in nutrients avallable 1o NTT because of an increase in marine-derived nutrients from greater salmonid
returns (&g, salmon carcasses).
Frey (Fl—increased availability of prey for piscivaraus NTT.
Predator swamping (5h=the survival of NTT & enhanoed due to swamping of predators by hatchery fish.
© NTT—highly valued nontarget taxa,
4 Status: H=healthy, Dedepressed, Ce=critical (or other status descoriptors), Impact= acceptable impact level to the NTT (eg. 10% impact to
abundance, distribution, and size strugture),
* Risk: probability (0%-100%) of faikng to meet an abjective for NTT; 0% comesponds to impossibility of failing, and 100% corresponds te
surety that an objective will be exceaded.
" Uinceriinty; scientific uncertainty of risk assessment due to lack of information or variabdity of ecological interaction cutcomes; caboulat-
ed as the standard deviation of the risks.
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We followed the Ecological Risk Assessment template developed by Pearsons and Hopley to assess risks associated with 1) Coho Salmon Reintroduction in Taneum Creek, and 2) Bull Trout translocation into Taneum Creek


Case Study 1. Coho Salmon
Reintroduction in Taneum Creek
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One of the objectives outlined in the Coho Master Plan is to increase the natural production of Coho Salmon throughout the basin without adversely affecting other fish taxa (termed non-target taxa of concern; NTTOC) beyond acceptable limits (termed containment objectives).  We monitored experimental reaches in Taneum Creek following Coho Salmon reintroduction to ensure naturally produced Coho Salmon did not impact NTTOC beyond acceptable limits.


Perform the Risk Assessment

B e R Y

:Prop-osed Stocking Program (target taxon): Coho- out-of-basin stock
:Size at Release:
:Date of Release:
:Locatinn & MNumber: upper Yakima, Tanam Creek, 40 adults
Cverlap Interaction Strength
Status/accept Type 1 Life Type 2
MTT ed Impact Life Stage Type 1 Interaction SCORE Type 2 Interaction score Risk Uncertainty
CPBDMMNES CPBDMMNES
Spring
|chinook D/ 10% fry,parr,smolt cP D
2 0 -1 -1 7
|Steelhead C /0% fry parr,smalt CPBD
2111 -3 17
|trib rbt H/40% all CPBD
2 1 -2 1 -3 14
|tribcut  H/40% all CPFPB
3 00 -1 6

w ThI g3 aoo 0

competition
predation on ntt
behavioral
disease
removing nutrients from dead spawners
increase nutrients from maore spawners
food for ntt
swamp predators
3 strong pos
-3 (-strong neg)

evaluated as t2 interaction
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Prior to the reintroduction, we conducted the Risk Assessment to gauge the likelihood of adversely affecting a variety of NTTOC.


Experimental Reintroduction
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Results from the Risk Assessment indicated risks to other NTTOC were likely low, so we proceeded with the reintroduction.  In the fall in each of 5 years, we transported live adult Coho Salmon and stocked them into experimental stream reaches in Taneum Creek.  The spring following each year of stocking, we monitored Coho Salmon natural production and the status of several other natal fish species.


Record Observations

Evaluation of Rainbow Trout Abundance, Blomass, and Condition
Following Coho Salmon Relntroduction In Taneum Creek, Washington
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Rainbow Trout Response to Coho Salmon Reintroduction
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We documented successful Coho Salmon natural production and determined the reintroduction did not adversely affect NTTOC in this creek.


Case Study 1. Take Home Message

* Observations were consistent with our

expectations

The relatively benign ecological interactions
that we observed after 5 vears of stocking in our
monitoring sites in Taneum Creek were consistent
with our expectations. The risk and uncertainty
scores summarized following the risk assessment
and the predicted outcome revealed a general
agreement that the ecological risk of stocking
was low with a low degree of uncertainty among

the panel members. This result was manifested in
our experiment and validated the utility of the risk
assessment process (Pearsons and Hopley 19949)
by emphasizing that pre-implementation planning
is useful to predict post-implementation results

{Temple and Pearsons 2012). This is useful for
providing insight on likely ecological outcomes
from reintroduction efforts. Our Taneum Creek
reintroduction can be viewed as a pilot study
used to assess the risks and benefits of tributary
scale coho salmon reintroduction prior o full
implementation (Anderson et al. 2014) in the
Yakima basin. Our results indicate that careful pre-
implementation planning through the ecological
risk assessment will often eliminate undesirable
effects of artificial stocking that have potential
to manifest during the early implementation of
reintroduction programs.



templgmt
Sticky Note
The take home message - our observations were consistent with our expectations as generated from the Risk Assessment.  To our knowledge, this is one of very few studies to document the entire Ecological Risk Assessment from pre-implementation expert based predictions to real outcomes.
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In a second case study, we applied the Risk Assessment process to estimate impacts to NTTOC that might result from translocating Bull Trout that would otherwise die from stranding in the Kachess River watershed and moving some of them into Taneum Creek.  


Case Study 2. Bull Trout Salvage &
Translocation into Taneum Creek

Kachess River Bull Trout
Annual Redd Counts 1998-2019

{lHTTiTAS |
[PONSERVATION
RIRUST

Figure 16. Bull Trout redd counts in the upper Kachess River (Kittiras County) 1998
through 2019,
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Bull Trout natural production in the Kachess watershed is quite low.  Receding water creates subsurface stream flows and disconnected pools that young bull trout become stranded in: most of them perish.


tranded Fish Collections
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Teams of volunteers collect stranded Bull Trout fry and transport them to a hatchery facility to protect early development and grow them to a large enough size so they have increased survival when returned to the river.


Proposed Translocation Sites
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A small number of fish are proposed to be released into the headwaters of Taneum Creek to 1) expand the rearing distribution of Bull Trout in the upper Yakima basin, and 2) provide a naturalized source population that may one day be used to seed other streams.


Review Existing Information for

Recipient Stream
NTT D|str|but|on S|ze Structure Abundance
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We used existing fish data for Taneum Creek to help evaluate potential interactions between translocated Bull Trout and those existing fish populations that are likely to occur following the translocation. We used real data to inform our evaluation.


ontestant axa Type | Risk Score Type Il Risk Score Overall Risk Score
abe ring chinook 0 0
abe Steelhead -3 -2 2
abe rib rbt -3 -2 2
abe rib cut -3 2|
abe Coho -2 1
abe ull Trout -5 -4 3
Russ E;rin; chinook 0 -1 3
Russ Steelhead -2 0 1
Russ rib rbt -2, -1 i
Russ rib cut -5 -3 3
Russ Coho -3 -2 1
Russ Bull Trout -2 -5 3:
ack ring chinook 0 0
ack Eteelhead -1 -2 3
ack rib rbt -1 -2 3.
ack rib cut -4 -5 5
ack Coho -1 -3 3
ack Bull Trout -5 -6) 6.
ack Bull Trout -3 -6) al
odd ring chinook -1 -2 3
odd Eteelhead -3 0 1
odd rib rbt -3 -1 3.
odd rib cut -4 -1 3
odd Coho -2 -1 2!
odd Bull Trout -3 -2| 3
illiam ring chinook -1 -1 3:
illiam teelhead -1 -1 1
illiam rib rbt 0 -1
illiam rib cut -2| -3| 2.
illiam Coho -2 -2 B}
illiam ull Trout -1 -4 2
cott ring chinook -1 -1 1
cott Steelhead -2| -3| 3
cott rib rbt -1 -2 1
cott rib cut -3 -4 g
cott Coho -2| -3| 3
cott ull Trout -4 -4 g
im E;ring chinook -1 -1 3
im teelhead -2 -1 2
im rib rbt -2| -1 2
im rib cut -2 -2 3
im Coho -1 0 1
im Bull Trout -2| -1 2
Marc ring chinook 0 -1 1
Marc teelhead -1 -4 3
Marc rib rbt -1 -3 ik
Marc rib cut -1 -1 a
Marc Coho -1 -3 1
Marc ull Trout 0 -1
onnor ring chinook (0) 1 i
onnor Eteelhead -4 -3 2
onnor rib rbt -4 -3 2
onnor rib cut -8 -7 S
onnor Coho -4 0 il
onnor ull Trout -4 -3 2
ason E;ring chinook -1 -2 g
ason teelhead -2 0 i
ason rib rbt 0 -1
ason rib cut -1 -1 1
ason Coho 0 0
ason Bull Trout 0 0
Overall Risk Score 2
Standard Deviation in
Scores 1

Percent

Row Labels

Average of Overall Risk Score

StdDev of Overall Risk Score

Bull Trout

26.77272727

16.30546478

Coho

18.86666667

11.72335434

Spring chinook

21.6

13.52528496

Steelhead

22.18095238

8.925288285

trib cut

30.85555556

16.36802815

trib rbt

19.68095238

9.66376139

Grand Total

Overall Risk of Failing to Meet Objectives

23.38264377

13.28076032

Bull Trout

Coho

Spring
Chinook

Steelhead CUT

(Trib)  RBT (Trib)

Overall
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We assembled a panel of Bull Trout enthusiasts (primarily technical experts) and estimated the affects the translocation effort would have on existing fish populations.  The panel's scoring indicated the anticipated risks to NTTOC and associated uncertainty was generally low.


Case Study 2. Summary

* Assessment scores generally attributed low risk
to NTT associated with translocating Bull Trout
to Taneum Creek

* Our team recommen pting some level of
monitorir verify we meet our expectations,
parti ly for NTT with high conservation/

' _iﬁe (Steelhead and Bull Trout)
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The Ecological Risk Assessment indicated that the risks of impacting other fish taxa following a Bull Trut translocation into Taneum Creek was likely low, but the team advocates operating in an adaptive management framework to ensure objectives are met.


Take Home

* Manipulating fish populations through artificial
production, reintroductions, or even
conservation action is not with out ecological risk

* Assessing risks that may result from stocking is
orudent and responsib

le
* Conducting a formal ris&essment will guide
implementation actions that utilize an
appropriate level of caution....But....

adaptively managing to respond
ropriate unforeseen results

m, Russ Byington@Yakama.com
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