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Bias in Estimated Annual Harvest
Rates for White Sturgeon of
the San Francisco Estuary

Marty Gingras (DFW), marty.gingras@wildlife.ca.gov
Jason DuBois (DFW), jason.dubois@wildlife.ca.gov

Introduction

Estimated annual White Sturgeon, Acipenser trans-
montanus, harvest rate is one of many metrics produced
by the California Department of Fish and Wildlife
(CDFW) sturgeon population study (the study). Defined
as the fraction of a demographic (e.g., fish in a given size
range) harvested in a given year, estimated annual harvest
rates have been reported or alluded to at intervals since
1959 (Chadwick 1959; Skinner 1962; Miller 1972; Kohl-
horst 1979; Kohlhorst 1980; Kohlhorst and others 1991;
Schaffter and Kohlhorst 1999; Kohlhorst and Cech 2001;
DuBois and Gingras 2011; DuBois and others 2012) and
have been used to monitor the impact of fishing regula-
tions, to estimate natural mortality rate, and to estimate
abundance (DuBois and Gingras 2011). Calculated from
tagging data and information provided voluntarily (for
example, by mail) by sport anglers on their capture of
tagged fish, the rates can be biased and — because White
Sturgeon is (like most sturgeons are) particularly sensitive
to harvest — it is important to understand the direction
and magnitude of any bias.

The estimated annual harvest rates reported to date
have not accounted for possible biases due to mixing of
tagged fish with un-tagged fish, tag shedding, delayed
mortality attributable to tagging, or angler willingness to
voluntarily contact CDFW about capture of tagged fish.
Of those issues, only the level of mixing might cause esti-
mated rates to be biased high and we plan to look into the
potential for bias attributable to the level of mixing. Miller
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(1972) used a double-tagging study to assess tag shed-
ding and characterized shedding as “negligible.” Delayed
mortality attributable to tagging has not been assessed,
but survival of tagged fish is a top priority of the study
and we suspect mortality is quite low. Angler willingness
to voluntarily contact CDFW about capture of tagged fish
(hereinafter we will call that “angler willingness”) stands
out as a potentially-substantial downward bias.

Angler willingness was first addressed in 1967 by
placing a prominently-labeled $5 reward tag on each fish
(Miller 1972) and was addressed in the 1980s by increas-
ing the reward value to $20. Starting in 1998, angler will-
ingness was further addressed — and the groundwork for
an assessment was laid — by placing a $20, $50, or $100
reward tag on each fish. In an effort (in part) to better
assess angler willingness, Sturgeon Fishing Report Cards
(Sturgeon Cards) since 2010 have required anglers to
record the harvest or release of fish tagged by the study. In
the present investigation, we use reward value and Stur-
geon Card data to briefly investigate angler willingness to
voluntarily contact CDFW about capture of tagged fish in
1998, 2001, 2002, and 2005-2012.

Investigation

We hypothesized that anglers returning Sturgeon
Cards since 2010 would report having caught approxi-
mately equal proportions of fish bearing $20, $50, or $100
reward tags, because (1) the study released approximately
the same number of tags with each of the 3 rewards, (2)
anglers who returned Sturgeon Cards have noted the
annual capture of many White Sturgeon (approximately
3000-5000), and (3) documenting capture of tagged fish is
required for Sturgeon Card holders. We also hypothesized
that anglers returning Sturgeon Cards would report a
substantially different proportion of fish bearing $20, $50,
or $100 reward tags than would anglers reporting volun-
tarily, and that anglers would report voluntarily in rough
proportion to reward value. To look into (if not test) those
hypotheses, we did a few simple summaries of reported
capture of tagged fish.

The proportion of tags reported by Sturgeon Cards
during 2010-2012 was 45% at $20, 21% at $50, and 34%
at $100, which is not equal proportions but is substantially
different than the proportion of tags — 23% at $20, 23%
at $50, and 54% at $100 — reported voluntarily during
the same period. Having seen that the 2010-2012 propor-
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tions were a bit “noisy,” we looked at the much larger
1998-2012 dataset on tags reported voluntarily and found
the proportions to be 22% at $20, 33% at $50, and 45%
at $100. These summaries demonstrate that reward value
affected the willingness of many anglers to voluntarily
contact CDFW about capture of tagged fish and suggest
that estimated annual harvest rates calculated without con-
sideration of reward value were likely biased low.

To get a sense of the magnitude of bias attributable
to angler willingness, we estimated annual harvest rates
using the below formula and the following permutations
of data: (1) Recaptured fish without regard to the fish’s
reported fate or to reward value, which is the study’s long-
time “conventional” algorithm, (2) recaptured fish report-
ed (voluntarily or by Sturgeon Card) as kept, but without
regard to reward value, and (3) recaptured fish reported
(voluntarily or by Sturgeon Card) as kept by reward value.

(EETags Returned — Y, Tags Returned,)]sy + (L Tags Rerurnedt)h_
Y. Tags Released ]

Hy =

Where:

p = Harvest Rate

Y = Year

fy = First-year (that is, tag returned within 365 days of
being released)

ra = Fish reported by angler as being released alive

¢ = Tag return reported on Sturgeon Card only

We found that harvest rates calculated using only
$100 tags were almost always substantially higher than
harvest rates calculated otherwise and there was an in-
creasing trend in harvest rate over time (Figure 1). These
results strongly suggest that harvest rates calculated from
$100 tags were closest to accurate but were likely still
biased somewhat low.

Discussion

This brief investigation describes and (to a degree)
quantifies a downward bias in estimated annual White
Sturgeon harvest rates attributable to a lack of angler
willingness to voluntarily contact CDFW about capture
of tagged fish. As follows, this finding suggests that it is
important to improve and continue assessing angler will-
ingness, prompts a reinterpretation of the relative impact
of fishing mortality on the population and fishery, and
suggests that management actions may have contributed
to an increase in annual harvest rate.
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Figure 1 Estimated annual harvest rates (1998, 2001, 2002,
and 2005-2012) for San Francisco Estuary White Sturgeon
from the following permutations of data: (1) recaptured fish
without regard to the fish’s reported fate or tag reward value
(Conv), (2) recaptured fish reported (voluntarily or by Report
Card) as kept but without regard to tag reward value (All),
and (3) recaptured fish reported (voluntarily or by Report
Card) as kept by tag reward value ($20, $50, $100). Solid line
indicates linear regression on harvest rates estimated using
only data on $100 tags.

The downward bias is attributable to lack of angler
willingness and is influenced by the reward paid by
CDFW for contacting us. To improve and further assess
angler willingness, we plan additional outreach and will
modify aspects of study protocol. Additional outreach will
include promoting the sturgeon population study through
more-frequent distribution of informational fliers, use of
social media and Press Releases, and (if possible) im-
proved use of CDFW’s web site. Study protocol modifi-
cations will include a minor reformatting of tags and the
application of tags with rewards of $50, $100, and $150.
We are also considering regulatory approaches to increase
voluntary reporting of captured tagged fish.

Having seen from the present investigation that esti-
mated annual harvest rates calculated without regard to
reward value tended to be biased substantially low from
1998-2012 due to lack of angler willingness, we suspect
that the rates calculated prior to that period — when no
information on angler willingness was available — were
also biased low. If so, harvest contributed more than
previously thought to observed declines in the White
Sturgeon fishery and population. Estimated annual harvest
rates for fish > 102 centimeters total length were approxi-
mately 7% in the late 1960s (Miller 1972) and increased
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to 11.5% in the 1980s (Kohlhorst and others 1991). Given
that annual total mortality rates have rarely been more
than 20% and have frequently been much less than that
(Miller 1972; Kohlhorst 1979; Kohlhorst 1980; Kohlhorst
and others 1991; Schaffter and Kohlhorst 1999; DuBois
and others 2012), it is likely that harvest has typically
been the largest part of total mortality.

White Sturgeon catch-per-unit-effort (CPUE) de-
clined substantially from 1964 to 1974 (Kohlhorst 1980),
while White Sturgeon CPUE (DuBois and others 2012)
and estimated abundance collapsed through the 1980s
(Schaffter and Kohlhorst 1999; DuBois and others 2012).
In response to the 1980s collapses, in 1990 the California
Fish and Game Commission (Commission) increased the
minimum size limit and established a first-ever maximum
size limit but made no change to the bag limit of 1 fish per
day. The Commission also implemented a suite of fishing
regulations in 2007 — including a 3-fish annual bag limit,
a reduction in the maximum size limit, and establishment
of the Sturgeon Card — that was expected to improve
fishing for and the resiliency of White Sturgeon over
time as well as provide useful information on the popu-
lation and patterns in sturgeon fishing. White Sturgeon
fishing effort and harvest from Commercial Passenger
Fishing Vessels the decade before and the decade after
implementation of the maximum size limit were similar,
and fishing interest since 2007 has been very high (e.g.,
41,000-112,000 Sturgeon Cards issued annually), which
suggests that implementation of and later reduction in the
maximum size limit focused substantial fishing effort on
substantially fewer White Sturgeon cohorts.

We suspect the recent trend of increased estimated
annual harvest rates was due the combination of: (1) The
economic downturn, which increased angler willing-
ness to contact CDFW to receive rewards for recaptur-
ing tagged fish, (2) additional outreach by the CDFW in
support of the 2007-present fishing regulations, which
increased angler interest about contacting CDFW to
receive rewards for the capture of tagged fish, and (3) the
2007-present reduction in the maximum size of White
Sturgeon that may be harvested legally, which focused
substantial fishing effort on a narrower demographic.

References

Chadwick, H.K. 1959. California sturgeon tagging studies.
California Fish and Game 45:297-301.

IEP Newsletter



DuBois, J. and M. Gingras. 2011. “Using harvest rate and har-
vest to estimate White Sturgeon abundance.” Interagency
Ecological Program for the San Francisco Estuary Newslet-
ter 24(3):23-26.

DuBois, J., M. Gingras and G. Aasen. 2012. “Status and Trends
of San Francisco Estuary White Sturgeon.” Interagency
Ecological Program for the San Francisco Estuary Newslet-
ter 24(1): 50-55.

Kohlhorst, D.W. 1979. “Effect of first pectoral fin ray removal
on survival and estimated harvest rate of White Sturgeon
in the Sacramento-San Joaquin Estuary.” California Fish
Game 65(3):173-177.

Kohlhorst, D.W. 1980. “Recent trends in the White Sturgeon
population in California’s Sacramento-San Joaquin Estu-
ary.” California Fish and Game 66(4):210-219.

Kohlhorst, D.W, L.W. Botsford, J.S. Brennan, and G.M. Cail-
liet. 1991. “Aspects of the structure and dynamics of an
exploited central California population of White Sturgeon
(Acipenser transmontanus).” Pages 277-293 in P. Williot,
ed., Acipenser: Actes du Premier Colloque International
sur [’Esturgeon. Centre National du Machinisme Agicole
du Genie Rural Des Eaux et des Forets. Bordeaux, France.

Kohlhorst, D.W. and J.J. Cech. 2001. White Sturgeon chapter
in California’s Living Marine Resources: A Status Report.
California Department of Fish and Game.

Miller, L.W. 1972. “White Sturgeon population characteristics
in the Sacramento-San Joaquin Estuary as measured by tag-
ging.” California Fish and Game 58(2):94-101.

Schaffter, R.G. and D.W. Kohlhorst. 1999. “Status of White
Sturgeon in the Sacramento-San Joaquin Estuary.” Califor-
nia Fish and Game 85(1):37-41.

Skinner, J.E. 1962. A Historical Review of the Fish and Wildlife
Resources of the San Francisco Bay Area. California De-
partment of Fish and Game Water Projects Branch Report
#1, 225 pp.

The IEP Newsletter is a quarterly publication that
provides IEP program and science highlights as well
as in-depth articles on important scientific topics for
resource managers, scientists, and the public. The
spring issue of the IEP Newsletter provides an annual
overview of important results from all IEP monitor-
ing programs and associated studies. Articles in the
IEP newsletter are intended for rapid communication
and do not undergo external peer review; all primary
research results should be interpreted with caution.

If you would like to be notified about new issues of
the quarterly 1EP newsletter, please send an e-mail to
Shaun Philippart (DWR), shaun.philippart@water.
ca.gov, with the following information:

¢ Name
e Agency
e E-mail address

Article Submission Deadlines
for Calendar Year 2015

Article Submission Deadline
January 15, 2015

Issue
Issue 1 (Winter)

Issue 2 (Spring) April 15, 2015
Issue 3 (Summer) July 15, 2015
Issue 4 (Fall) October 15, 2015

Submit articles to Shaun Philippart.

Did you know that quarterly highlights about
current IEP science can be found on the IEP
webpage along with a new calendar that displays
IEP Project Work Team and other 1EP-related
public meetings? To view these features see the
links below:

http://www.water.ca.gov/iep/activities/calendar.
cfm
http://www.water.ca.gov/iep/highlights/index.cfm
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