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A1
Spatial and Temporal Reproductive Behaviors of Cynoscion nebulosus in
an Aggregation Site: A Multiyear Telemetry Study
KATHERINE ZARADA*1, SUSAN LOWERRE-BARBIERI1,2, MICHAEL TRINGALI1,2, SARAH
BURNSED2, JOEL BICKFORD2, ROBERT N.M. AHRENS1
1

Fisheries and Aquatic Sciences, University of Florida; 2Florida Fish and Wildlife Research
Institute, St. Petersburg, FL
*Email: kzarada@ufl.edu

Long term sustainability of fisheries requires understanding the relationship between
reproductive output of a population and the resulting recruitment. Exploring how success at the
individual level adheres to or deviates from the statistical models used to describe the
recruitment process at the population level provides insight into the suitability of the statistical
models used for fisheries management. We studied the fine scale reproductive behaviors of
spotted seatrout (Cynoscion nebulosus) at an inlet spawning site in Tampa Bay, Florida through
acoustic telemetry. The individual spatial and temporal reproductive patterns of 44 spotted
seatrout (28 females, 16 males) were assessed over a period of three spawning seasons from
2007 to 2009. Movement in and out of the spawning ground was detected through an acoustic
receiver array that was arranged for full detection of fish in the spawning ground and
surrounding study area. Using this set up, four hypotheses were tested: (1) there is a large
recruitment basin for the spawning site; (2) spawning frequency will differ with size and sex; (3)
individual spawning seasonality will differ with fish size or sex; and (4) spotted seatrout exhibit
inter-annual spawning site fidelity. The data analysis is ongoing; however, initial results suggest
that the spawning frequency does differ with sex and there is evidence of inter-annual spawning
site fidelity.
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A2
Spatial and Temporal Patterns of Yellowtail (Seriola dorsalis) in the
Southern California Bight as Inferred from Recreational Catch Data and
Conventional Tag Returns
NOAH BEN-ADERET*1, STUART SANDIN1
1

Center for Marine Biodiversity and Conservation, Scripps Institution of Oceanography, UC San
Diego
*Email: nbenaderet@gmail.com

In the Southern California Bight (SCB), yellowtail, (Seriola dorsalis) are valued gamefish
targeted by recreational and commercial fishermen in since the late 19th century. Statemandated Commercial Passenger Fishing Vessel catch records indicate average take is
approximately 70,500 fish per year, although catch has topped 500,000 fish during exceptionally
warm years. The bulk of the catch is assumed to be comprised of fish seasonally migrating
north into the SCB from Mexico. However, recreational anglers catch large yellowtail in select
SCB inshore habitats during winter months; often when ocean temperatures are significantly
below optimal. Despite angler interest, little is known about current yellowtail movements in
California and no fisheries-independent data exist.
This study is the first to focus on SCB yellowtail in 60 years. Using a combination of recreational
catch records and conventional tagging, we test hypotheses that yellowtail caught inshore are
routinely larger than conspecifics caught offshore, that large fish are caught inshore during
winter months in sub-optimal water temperatures and that yellowtail catch has distinct,
seasonal, spatial patterning. Recreational catch indicates broad spatial and temporal trends
exist in the SCB recreational yellowtail fishery. They are: (1) seasonal increases in juvenile fish
offshore and larger, mature fish in select inshore areas. (2) Yellowtail “hotspots” with consistent,
year-round, elevated catches as compared to surrounding areas. (3) Tag returns indicate that
distinct seasonal catch increases are driven by angler effort, ocean temperature and large-scale
environmental factors. This work is the first step in quantifying how these factors impact an
iconic California gamefish.
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A3
Sampling Rare, Diffuse and Episodic Fishing Events: Developing Methods
for Optimal Survey Design
ANDY MOORE*1, LINDSAY PENROSE2, SEAN TRACEY3
1,2

Fisheries, Forestry and Quantitative Sciences, Australian Bureau of Agricultural and Resource
Economics and Sciences; 3Fisheries and Marine Ecosystems, Institute of Marine and Antarctic
Studies, University of Tasmania
*Email: anthony.moore@agriculture.gov.au

Recreational fishing surveys that produce statistically robust outcomes require well thought out
sampling designs, which include adequate coverage of the population being surveyed.
However, it is often difficult to know how big the sample needs to be and the level of error that
can be expected. This is especially true when trying to measure rare and episodic fishing events
across vast areas, such as those which occur in some specialised fisheries. We were fortunate
to have access to datasets from previous on-site stratified random access point surveys, as well
as fishery specific information from expert angler surveys that allowed the construction of a
simulated data set to test various sampling coverage rates and survey designs. Commercial
catch data was also used to determine the likely presence or absence of the migratory target
species in various areas throughout the year. We compared the results from these simulations
against oversampled existing survey data. These simulations were then used to predict the error
distribution of various sampling strategies and coverage rates. The outputs were invaluable in
providing information on sampling coverage, cost and likely error of these scenarios and were
used in designing a national recreational on-site survey for southern bluefin tuna in Australia.
The methods used to develop an optimal survey design for estimating southern bluefin tuna
catch in Australia have wider application for designing recreational angler surveys, especially
when fishing activity is rare, diffuse and episodic.

3

World Recreational Fishing Conference, 2017

8th World Recreational
Fishing Conference

A4
Approaches for the Inclusion of Recreational Data in Fisheries Stock
Assessments Where Complete Time Series of Catches are Not Available
KIERAN HYDER*1, MIKE ARMSTRONG1; LISA READDY1, STUART REEEVES1, SARAH
DAVIE1, ELISA SOCRATE2, HARRY V. STREHLOW 3
1

Centre for Environment, Fisheries & Aquaculture Science, Pakefield Road, Lowestoft, Suffolk
NR33 0HT, UK; 2Seychelles Fishing Authority, P.O. Box 449, Victoria, Mahé, Seychelles;
3
Thünen Institute of Baltic Sea Fisheries, Alter Hafen Süd 2, 18069 Rostock, Germany.
*Email: kieran.hyder@cefas.co.uk

Missing data on recreational fishery catches could potentially be a large source of bias in catchbased assessments of some marine fish species. Almost invariably these catches have to be
estimated using surveys, often involving separate surveys to estimate fishing effort and catch
per unit effort. Many European countries have commenced recreational fishery surveys to meet
EU regulations, building on experiences in the USA and elsewhere. In addition to catch
estimates, such surveys could yield trends in catch-per-unit-effort to inform stock assessments.
However, in most cases full times series of recreational catches are not available for the entire
period covered by the stock assessment, so assumptions need to be made about trends in
recreational catches over time. In this paper, three examples of different approaches are
outlined from different fisheries in the Seychelles and Europe. These cover recreational sea
fisheries that are data poor (demersal fisheries of the Seychelles), have point estimates
(northern stock of European seabass), and partial time series (Western Baltic cod). The
implications of the different methods are discussed in the context of bias and outcomes of the
stock assessment, and recommendations made for future stock assessments that include
recreational fisheries.
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A5
Use and Abuse of Recreational Fishery Harvest Regulations: Comparing
the Intended Versus Realized Outcomes with Data and Simulation
PAUL ASKEY1
1

Research, Evaluation & Development, Freshwater Fisheries Society of BC, 13405 Lakeshore
Dr S., Summerland, BC
Email: paul.askey@gofishbc.com

Recreational fishery regulations for a given management jurisdiction often include numerous
pages of regional or waterbody specific adjustments to quotas, size limits, etc. (e.g. British
Columbia regulation synopsis is 96 pages). The development of such regulations is a nebulous
mix of science, stakeholder involvement, and individual manager preferences. Furthermore,
there is often a lack of understanding of the origin of long held regulatory approaches, and/or
whether the regulations are even manipulating the fishery towards some stated objective (i.e.
sustainability or fishing quality). Recent analyses of Kokanee and Rainbow trout fisheries in
British Columbia highlight several of the key considerations and processes influencing the
outcomes from harvest regulations. A number of different studies have documented and
quantified dynamic interactions between fish abundance, angler effort, angler efficiency, and
fish growth and survival. In the case of Kokanee (Oncorhynchus nerka), simulation suggests
that well thought out static regulations could be more robust to these dynamic processes and
the variation in productivity between different lake fisheries. Incorporating a clear understanding
of how harvest regulations actually influence different performance metrics would likely lead to
substantial simplification and increased effectiveness of fishery regulations.
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A6
Stock Assessment Model for Rainbow Trout in B.C. Small Lakes Based on
Gillnet Sampling Data
DIVYA A. VARKEY*1, BRETT T. VAN POORTEN2, MURDOCH K. MCALLISTER1, THERESA
GODIN3
1

Institute for the Oceans and Fisheries, University of British Columbia, 2202 Main Mall,
Vancouver, BC, V5N 1L6; 2British Columbia Ministry of Environment, 2202 Main Mall,
Vancouver, BC, V6T 1Z4; 3Freshwater Fisheries Society of British Columbia, 2202 Main Mall,
Vancouver, BC, V6T 1Z4
*Email: d.varkey@outlook.com

We developed a stock assessment model for Rainbow trout (Oncorhynchus mykiss) based on
data obtained from gillnet sampling. Growth model included a formulation for density dependent
change in growth. The priors for the component growth model were obtained from a Bayesian
hierarchical analysis of growth data from 142 gill-net samples across the province. The model
fits to gillnet sampling and angler effort data. Angler effort in the model is based on fishing
mortality and our understanding of angler catchability and transfer rates of the Rainbow trout
population between states vulnerable and invulnerable to anglers. The stock assessment model
was applied to over 200 cases of gillnet sampling and angler effort data. The analysis was used
to explore regional patterns in growth and fishing mortality. Following the analysis, we identified
a need for a hierarchical analysis to explore the selectivity parameters and q and natural
mortality.
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A7
Assessing the Status of the Lower Fraser River White Sturgeon Population
Using the Integrated Spatial and Age Mark Recapture Model
WENDELL CHALLENGER*1, TOM CARRUTHERS2, KARL ENGLISH1
1

LGL Limited, Environmental Research Associates; 2Fisheries Center, University of British
Columbia.
*Email: wchallenger@lgl.com

The Integrated Spatial and Age Mark Recapture (ISAMR) model was developed for Habitat
Conservation Trust Foundation (HCTF) to assess the status of the Lower Fraser River White
Sturgeon population using data from the highly successful monitoring program run by the Fraser
River Sturgeon Conservation Society (FRSCS). The FRSCS’ monitoring program relies on
trained volunteers to tag, record, and transfer data. As of January 2016, volunteers had
conducted 134,679 sturgeon sampling events, tagged and released 64,565 sturgeon, and
documented 63,990 recapture events. This incredibly rich data set presents several challenges
including changes in gear selectivity with age and a heterogeneous distribution of sturgeon
thorough out the study area. The ISAMR was created to explicitly handle these issues by
combining a spatial mark-recapture model with age-structured population dynamics model. The
age-structured population dynamics model allowed age-dependent gear selectivity to be
modelled as a smooth function of age (a “flat-top” selectivity curve was used) and provided
estimates of current and historical recruitment. The spatial component of the model was
included to handle the uneven spatial distribution of sturgeon, as well as providing estimates of
movement rates between study regions. The current analysis looks at captures and releases
from 2000 through to 2015, across four study regions (i.e., A, B, C, and D) and 58 age classes.
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A8
Evaluating Harvest Control Rules and Their Impacts on Ohio’s Yellow
Perch Quota Allocation Process
MATT FAUST*1, JOHN SYSLO2, MIKE JONES2, JEFF TYSON3
1

Ohio Department of Natural Resources, Sandusky Fisheries Research Station; 2Michigan State
University, Quantitative Fisheries Center; 3Great Lakes Fishery Commission
*Email: matthew.faust@dnr.state.oh.us

Fishery management on Lake Erie occurs within an inter-jurisdictional setting composed of
resource agencies from the states of Michigan, Ohio, Pennsylvania, and New York, along with
the province of Ontario, and is guided by the lake’s Fish-Community Goals and Objectives.
Several objectives recognize the importance of Yellow Perch, which serve as a cornerstone to
large-scale commercial and recreational fisheries, and call for the sustainable harvest of Yellow
Perch across Lake Erie. Harvest policies for the lake’s Yellow Perch fisheries are being revised
through a stakeholder-centered process, along with input from management agencies. Such
revisions are ultimately informed by conducting a management strategy evaluation to examine
trade-offs achieved by alternative harvest policies and to assess the consequences of
uncertainty for achieving management goals. Here, we help inform Ohio’s fishery managers and
stakeholders about the performance of potential harvest policies explored during the
management strategy evaluation for Lake Erie’s Yellow Perch fishery. Specifically, our objective
was to evaluate performance of the current harvest policy relative to candidate alternatives,
based on performance indicator trade-offs. We used modified assessment models to simulate
Lake Erie’s Yellow Perch population and associated fisheries, and summarized how candidate
harvest policies affected sustainability, risk, and industry stability for a number of Ohio-specific
performance indicators. This work will be used to help guide selection of a revised harvest
policy to continue the sustainable management of Yellow Perch in Lake Erie.
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A9
Estimating Fishing and Natural Mortality Rates for Piscivorous Rainbow
Trout, Lake Trout and Bull Trout in Quesnel Lake
LEE WILLISTON
Ministry of Forests, Lands and Natural Resource Operations; Williams Lake, British Columbia
Email: lee.williston@gov.bc.ca

Effective fisheries management requires a combination of sound science and social acceptance
from a diverse angling community. We were asked by the angling public to review the current
regulatory regime for Quesnel Lake. Quesnel Lake is a large lake, approximately 25,000
hectares in size, located in the interior of British Columbia and supports a diversity of
anadromous and resident fish species. The primary recreational fish species are rainbow trout,
lake trout and bull trout, with the majority of effort being focussed on the large piscivorous
rainbow trout. The size and complexity of the Quesnel Lake system makes collecting
informative scientific data challenging. A previous collapse in the rainbow trout population 20
years prior and subsequent implementation of restrictive angling regulations had also eroded
trust in fisheries management. Therefore, review and successful implementation of new angling
regulations had to address both the challenges of working within a large, complex lake
ecosystem as well as renew social confidence in fisheries management. We used a
combination of acoustic telemetry and high reward floy tagging to estimate natural and fishing
mortality rates for all three key sport fish species. The requirement for anglers to contact a
biologist for their reward provided an opportunity to disseminate relevant biological information
to a diverse range of anglers. The use of acoustic telemetry combined with high reward floy
tagging has proven to be an excellent method for obtaining the scientific data required to set
angling regulations while also greatly improving social confidence in fisheries management.
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A10
Can Individual-Based Models Provide Useful Insights into the Management
of Recreational and Commercial Fisheries on the European Seabass
(Dicentrarchus labrax)?
NICOLA WALKER*1, KIERAN HYDER1, CLAIRE BERAUD1, JOHAN VAN DER MOLEN1, LEILA
FONSECA1,2, EWAN HUNTER1, MIKE ARMSTRONG1
1

Centre for Environment, Fisheries & Aquaculture Science, Pakefield Road, Lowestoft, Suffolk
NR33 0HT, UK; 2Department for Environment, Food & Rural Affairs, Nobel House, 17 Smith
Square, London SW1P 3JR, UK
*Email: nicola.walker@cefas.co.uk

The European seabass (Dicentrarchus labrax) is a high value fish with significant exploitation by
both commercial and recreational fisheries. Scientific assessments of the northern stock have
shown a rapid decline in the spawning stock biomass since 2006 attributed to a succession of
weak year classes from 2008-2012 and increased fishing mortality. The stock exhibits
substantial interannual variability in recruitment driven by environmental factors, and significant
reductions in the harvest of seabass have been implemented by the European Commission to
conserve stocks. Individual-based models (IBMs) are simulations that describe individual
‘agents’ of organisms that have been shown to be effective management tools in many systems,
which have not been applied to seabass prior to this study. Here, an IBM of the pelagic phase of
seabass was developed to assess the impact of environmental conditions on settlement that
included both physical environment components (temperature and currents) and life history
characteristics (growth and behaviour). The model was able to predict differences in strength of
settlement in established poor and good settlement years regardless of larval behaviour, but
larval behaviour was also an important factor in determining arrival at nursery grounds. Spatial
IBMs were also developed for adults that take into account life history and exploitation by both
commercial and recreational fishers. The outputs from both models are discussed in the context
of seabass conservation and sustainable management of recreational and commercial fisheries.
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A11
Use of Models of Intermediate Complexity (MICE) to Quantify Trophic
Dynamics and Identify Triggers of Population Declines in Kootenay Lake’s
Trophy Trout Fishery
MURDOCH MCALLISTER*1, HIROYUKI KUROTA2, TOM JOHNSTON3, ERIC PARKINSON3,
BRETT VAN POORTEN3
1

Institute for the Oceans and Fisheries, University of British Columbia; 2Seikai National Fisheries
Research Institute, Fisheries Research Agency; 3B.C. Ministry of the Environment
*Email: m.mcallister@oceans.ubc.ca

In North America, large lakes (>10,000 hectares) support fisheries for trophy-sized rainbow trout
(Oncorhynchus mykiss). Since the 1960s the Kootenay Lake fishery for the Gerrard strain of
rainbow trout had attracted thousands of anglers from across North America and contributed $510 million annually to the regional economy. Giant rainbow trout (to 15 kg) increased to a 50year historic high in 2012 and declined to historic lows in 2015 and 2016. The Gerrard’s primary
forage fish, kokanee (O. nerka), have concurrently dropped from about 1-2 million to 20,000
spawners. While uncertainty remains over the causes of these declines, managers have been
trying to rebuild both species. We present a predator-prey-fishery dynamics model applied to
Kootenay Lake which was formulated as a model of intermediate complexity (MICE), i.e., a twospecies Bayesian statistical catch-at-age model. A model that explicitly incorporated
interactions explained the data much better than models with no interactions. Model fitting
suggested four potential triggers for the recent declines and projections allowed the ranking of
the effectiveness of different management actions to rebuild the fishery. Stocking kokanee eggs
and angler retention of age 2-3 Gerrards for the next 5 to 10 years brought about faster
recovery than other measures. Angler release of large Gerrards would cause recovery delays
of up to decades. Long-term instability would result if factors causing high recruitment rates of
age 2 Gerrards persisted. This MICE model allows rapid assessment of population dynamics,
yet its simplicity allows for effective communication and interpretation by managers and
stakeholders.
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A12
Use of Web Cameras to Monitor Long Term Trends in Dynamic
Recreational Fisheries
NICOLA RUSH*1, BRUCE HARTILL1, GEORGE PAYNE3, ANDREW MILLER2
1

National Institute of Water & Atmospheric Research, Auckland; 2National Institute of Water &
Atmospheric Research, Christchurch; 3National Institute of Water & Atmospheric Research,
Hamilton
*Email: nicola.rush@niwa.co.nz
There is an increasing recognition that New Zealand’s marine recreational fisheries are growing,
substantial and dynamic. Although considerable progress has been made in developing reliable
methods of surveying recreational fisheries in recent years, these surveys are usually
conducted infrequently, because of the cost involved. Recreational harvesting can vary
considerably between surveys, however, as fishing effort fluctuates and in response to changes
in localised abundance. We describe a cost-effective means of continuously monitoring levels of
recreational fishing effort over the long term, based on web camera technology. Web cameras
have been used to continuously monitor trends in recreational effort on the northeast coast of
the North Island since 2005, and the west coast since 2006. The indices of effort provided by
these data have given us unprecedented insight into the temporal dynamics of New Zealand’s
largest recreational fisheries. Although the resources required to operate these systems are
relatively low, the effort required to interpret the imagery collected can still be appreciable, and
strategies have, and are, being developed to substantially reduce costs and to extend the utility
of the information provided.
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A13
An Adaptive Management Experiment to Test the Effectiveness of SizeBased Fishing Regulations and Stocking to Address High Exploitation
Rates on Lake Trout Populations in Ontario, Canada
DAVID EVANS*1,2, AUDIE SKINNER1, VICTORIA KOPF1, BOB IRWIN3, DAVID FLOWERS4
1

Ontario Ministry of Natural Resources and Forestry, Trent University, Peterborough, Ontario
K9J 6B8; 2University of Victoria, Victoria, B.C. Canada V8W 3N5; 3B. Irwin, Maynooth, Ontario
K0L 2S0; 4Ministry of Natural Resources and Forestry, Minden, Ontario K0M 2K0
*Email: david.evans@ontario.ca

Size-based fishing regulations and supplemental stocking of hatchery-reared fish on wild lake
trout stocks are two commonly employed management technics to address high fishing
pressure and excessive harvest. Size regulations attempt to prevent recruitment over-fishing
while stocking attempts to compensate for high fishing demand by artificially enhancing
abundance. We tested the effectiveness of these techniques by manipulating slot-size harvest
regulations and stocking a local, native strain lake trout in four study lakes having similar area,
morphometry, water quality and fishery histories in the Haliburton Highlands of south-central
Ontario. We used extensive roving creel surveys and volunteer anglers to track fishing effort,
catch, harvest, body size and otolith age of wild and hatchery lake trout in winter recreational
fisheries two years prior to and ten years after manipulation. A 40-55 cm slot-size regulation
protected lake trout of spawning ages and allowed sustainable harvests. Removal of this
regulation resulted in a dramatic increase in fishing effort and harvest, decline in body size and
shifting age structure. Seven years of stocking had a transient, relatively minor effect on effort,
made a highly variable contribution to harvest and appears to have negatively affected natural
recruitment. We discuss the ecological and fisheries implications and how this project pioneered
new resource management partnerships which contributed to public participation, science
transfer and positive community involvement.
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A14
Effects of Harvest Regulation on Population Dynamics of Freshwater
Salmonids
KIM MAGNUS BÆRUM*1, BØRRE DERVO1, KJELL LEONARDSON2
1

The Norwegian Institute of Nature Research, Lillehammer; 2Swedish University of Agricultural
Sciences, Umeå
*Email: kim.barum@nina.no

Recreational fishing has the potential to alter fish populations, both in size and structure. This is
especially true in many freshwater systems where recreational fishing might impose a
substantial effect on fish mortality. Fishing areas are thus often under regulations to mitigate the
possible negative population effect of fishing, but also to optimize the structure of the population
for the fishers which have preferences regarding fish size and yield. The different types of
harvest regulations thus often involve restrictions on fishing effort (e.g. numbers of fishers),
fishing mortality (e.g. bag-limit, C&R) and fish size (e.g. minimum/maximum size). However,
although some studies exist there are relatively few examples in the scientific literature on how
the different regulations affect freshwater fish populations in the long term. It might thus be
challenging for right holders and managers to decide on the optimal regulation plan for the
specific system. In our project we aimed to develop a model-framework that might work as a
management tool to assess the long-term population effect of variations in harvest regulations.
We used data from different river systems in Norway obtained both from scientific surveys and
catch records from fisher to parametrize the different elements in the model. The river systems
are popular recreational fishing areas, and represent a range of different harvest regulations.
Although our model remains a simplification of the natural systems, we are confident that the
results can provide important guidelines for freshwater managers on the effect of various
harvest regulations in salmonid river systems.
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Using Remote Cameras to Monitor the Recreational Atlantic Salmon
Trolling Fishery in the Baltic Sea
MARC SIMON WELTERSBACH*1, FREDERIK KAISER2, HARRY V. STREHLOW 1
1

Thünen Institute of Baltic Sea Fisheries (TI-OF), Alter Hafen Süd2, 18069 Rostock, Germany;
Aquaculture and Sea-Ranching, Faculty of Agricultural and Environmental Sciences, University
of Rostock, Justus-von-Liebig-Weg 6, 18059 Rostock, Germany
2

*Email: simon.weltersbach@thuenen.de

Monitoring marine recreational fisheries is often challenging due to large geographic areas that
have to be covered, but useful survey methodologies have been developed in the past.
However, those survey methodologies are often inadequate to obtain representative data from
small, specialized angler populations, e.g. trolling anglers. Such hard-to-reach angler
populations may account for a substantial fraction of the total catch for certain target species
that needs to be included in stock assessments ensuring sustainable fisheries managements. A
nationwide telephone-diary survey was conducted to collect representative data on effort, catch,
and socio-economic parameters for the German marine recreational fishery. However, this
survey resulted in very low numbers of panelists for some small and specialized, but - in terms
of stock exploitation - potentially important recreational fisheries. Using the German recreational
Atlantic salmon (Salmo salar) trolling fishery in the Baltic Sea as a case study, we tested the
long-term use of remote cameras in harbors to monitor trolling boat fishing effort. On-site
interviews complemented the camera monitoring to estimate catch-per-unit-effort, and to collect
biological catch data and socio-economic information. Preliminary results revealed that German
recreational salmon trolling catches are substantial and must be taken into account in the Baltic
salmon stock assessment. Furthermore, remote cameras proved to be a cost-efficient method
providing fishing effort estimates with little bias. The results help to increase the accuracy of the
Baltic salmon stock assessment and the methodology can also be used to monitor other
recreational boat fisheries.
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A16
Monitoring and Managing Recreational Fishing on Hatchery Salmon in
Puget Sound
RYAN LOTHROP1, PATRICK PATTILLO2, MARK BALTZELL1, TY GARBER1
1

Washington Department of Fish and Wildlife; 2Retired Washington Department of Fish and
Wildlife, Puget Sound Sport Fishing Advisor
*Email: ryan.lothrop@dfw.wa.gov

Fishery managers have been challenged to find a balance between providing highly valued
recreational salmon fishing opportunity and ensuring that the conservation objectives of wild
salmon are met. Declining abundance of wild Puget Sound Chinook (Oncorhynchus
tshawytscha) salmon populations resulted in threatened status under the Endangered Species
Act (1999), resulting in severe restriction of virtually all marine and freshwater fisheries in the
Puget Sound region that take wild Chinook salmon directly or as incidental catch while pursuing
other species or stocks. Innovation with physical identification techniques with hatchery
produced Chinook salmon, coupled with results of scientific studies that showed low mortality
rates for released, sport-caught Chinook salmon, presented the opportunity to restore lost
recreational fishing opportunity. Since 2003, closed Puget Sound and Strait of Juan de Fuca
sport fisheries have been carefully re-opened under mark-selective regulations – release of
unmarked wild Chinook salmon while allowing retention of marked hatchery Chinook salmon
stocks. Intensive sampling of these new fisheries, including on-water as well as shore-based
methods, was implemented to account for stock-specific impacts. With over a decade of
practical experience and data for evaluation, the mark-selective fishery sampling strategies
have been continuously improved to ensure statistically sound estimation of critical
management parameters. Although incidental mortalities of wild Chinook salmon associated
with mark-selective fisheries are relatively low, they are significant and accurate accounting is
vital to sustainability of these fishery. Virtually all Puget Sound sport fisheries are currently
managed under this mark-selective regulation regime and high angler participation levels
indicate success with this relatively new approach to providing meaningful recreational fisheries.
Acceptance of mark-selective fishing across the broader sport, commercial and tribal fishing
community is challenging given the diversity of value perspectives.
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Estimation of Abundance, Observer Efficiency, and Residence Time for
Englishman River Winter Steelhead Using a Combination of Radio
Telemetry and Snorkel Surveys, 2012 – 2014
BRENDAN ANDERSON*1, MIKE MCCULLOCH1
1

BC Ministry of Forests, Lands and Natural Resource Operations, Nanaimo, B.C.

*Email: brendan.anderson@gov.bc.ca

The Englishman River drains a watershed area of 324 km2 from the central east coast of
Vancouver Island B.C. providing a mainstem anadromous length of 15 km. The relative
abundance of winter steelhead has been evaluated annually since 1982 through snorkel
surveys and used as an indicator of winter steelhead stock status for Vancouver Island east
coast streams. Area-under-the-curve (AUC) population estimates have been derived for several
survey years since 2002, although key parameters including residence time and observer
efficiency were estimated with no local validation. In the spring periods of 2012-2014, we
marked 77 steelhead with visual streamer tags and monitored their distribution and movements
using radio-telemetry, during which time eleven snorkel surveys were completed. The
unadjusted mean residence time from date of tagging to emigration or mortality was 40.6 days
with no significant differences between years or sexes. Snorkel survey observer efficiency
varied significantly from 0.2 to 1.0 but was strongly related to both stream discharge and surveyday. A number of escapement estimation approaches were explored including trapezoidal-AUC
with bootstrapping and maximum likelihood estimation under different model assumptions and
constraints. Escapement estimates were generally between 100-300 fish per year and near
levels of conservation concern, but with some considerable differences in estimates and
precision resulting from the different approaches.
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Harvest in Remote Headwater Streams Alters Native Brook Trout
Populations
KYLE HARTMAN*1, JEREMY WEBSTER2
1

Division of Forestry and Natural Resources, West Virginia University; 2Bio-West, Inc.

*Email: kyle.hartman@mail.wvu.edu

Native Brook Trout Salvelinus fontinalis populations in streams experience declines in adults
overwinter leading to speculation that low energy reserves following spawning may lead to
mortality. In central Appalachia, lowest body energy occurs in December following spawning,
but condition rebounds in January. In small (1st & 2nd order) streams anglers begin targeting
Brook Trout in late January. We hypothesized angling may contribute to declines in abundance
of larger fish. Due to the remoteness of streams and infrequency of angling traditional creel
survey methods were impractical to estimate harvest. To evaluate harvest impacts on Brook
Trout we conducted angler surveys to gain information on numbers and minimum sizes of fish
retained and placed motion activated cameras on six streams to estimate angling effort.
Anglers harvesting Brook Trout traveled shorter distances than catch-release anglers. Catchkeep anglers caught an average of 4.5 fish per day and fished on 2.6 streams per trip. They
reported the minimum size fish kept was 182 mm. Coupling angling effort (from cameras) with
the mean catch from angler surveys we estimate overwinter declines in fish could be accounted
for by harvest. Despite high catch rates on a reference (catch and release) stream, populations
of larger fish did not decline over winter. Our results suggest harvest may structure Brook Trout
populations in remote, headwater streams and such streams may require more restrictive
regulations than larger systems.
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The Use of a Large-Scale Tagging Study to Evaluate and Improve
Statewide Hatchery Catchable Trout Fisheries
JOHN CASSINELLI*1, KEVIN MEYER1
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Increases in hatchery rearing and transport costs coupled with stagnant or declining funding has
often resulted in reduced numbers of hatchery fish stocked in public waters. This has intensified
the need to better understand how to maximize return-to-creel rates of hatchery trout by
identifying factors contributing to better post-stocking performance. From 2011 through 2015,
we T-bar anchor tagged over 150,000 catchable-sized hatchery Rainbow Trout (Oncorhynchus
mykiss) and stocked them into 139 different waters across 586 individual stocking events.
Angler tag returns were used to generate water-specific estimates of angler return rates and
average days-at-large of angled fish. In addition to monitoring trends in water specific catch and
harvest over time, these data were used to evaluate numerous factors that might influence
angler catch, from hatchery rearing techniques and stocking conditions, to environmental factors
specific to each water. Angler catch rate, within one year of stocking, across all study years
averaged 26% and ranged from 0% to 76% for individual stocking events. Variation in angler
returns was best explained by mean fish length at stocking, water size, rearing hatchery, and
water elevation. Average days-at-large for angled fish in individual waters varied from a low of
10 d to a high of 297 d, and this variation was best explained by water size and season of
stocking. These results have helped the state of Idaho understand factors that lead to better
angler returns of hatchery catchable trout and initiate efforts to enhance returns.
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Marine recreational fishing from shore and by private boats in Hawaii is monitored by the Hawaii
Marine Recreational Fishing Survey (HMRFS), an access point survey to collect catch
information, and the Coastal Household Telephone Survey to collect fishing effort data. In
response to recommendations from a recent HMRFS review, roving surveys of shoreline fishing
effort and catch, an aerial fishing effort survey, and a mail effort survey were tested in
combination and compared with the current HMRFS approach for producing shoreline fishing
estimates on one of the main Hawaiian Islands (O’ahu). A pilot access point survey of private
boat anglers was conducted on the same island, using a design created by the NOAA Fisheries’
Marine Recreational Information Program (MRIP). The for-hire fisheries sector in Hawaii is
dominated by the charter boat industry, for which catch and effort reporting is required via
DLNR’s commercial marine fisheries reporting system. Through another project funded by
MRIP, the commercial fishing reports for charter fishing were compared with fishing activity
observed by surveyors at four major charter boat harbors. Based on the results from these pilot
studies, we will provide recommendations for improving the current surveys of marine
recreational fishing activities in Hawaii.
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Reproductive Behavior to Inform Management of Lake Erie Walleye
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Lake Erie’s walleye population is supported by a number of discrete spawning aggregations in
the western and eastern basins, largest of which occurs on an open-water reef complex in Ohio.
Recreational anglers are allowed to harvest four fish per day during the spawning period,
although some anglers feel that recruitment may be hampered through harvest of spawning
females. We combined acoustic telemetry, in situ egg collections, and creel surveys to test
hypotheses concerning sex-specific differences in walleye reproductive behavior on Lake Erie's
largest open-water reef complex, with the goal of learning how these differences influence
vulnerability to exploitation during the spawning period. While temperature appeared to initiate
spawning for both sexes, males and females showed consistent dimorphic behavior patterns
across multiple years. Both acoustic telemetry and creel data suggested that males arrived
earlier and remained on reefs longer than females, which appeared to stage on the periphery of
the reef complex and entered for a relatively short duration. This translated to female walleye
having lower vulnerability than males to recreational angling harvest. Additional work is needed
to fully inform management actions suggested by recreational anglers (e.g., length-based
regulations aimed at reducing harvest of females) to protect walleye recruitment.
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Norwegian Marine Recreational Fisheries - A Pre-Study in the Oslofjord
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University of Life Sciences, P.O. Box 5003, 1432 Ås, Norway; 4Thünen Institute of Baltic Sea
Fisheries, Alter Hafen Süd 2, 18069 Rostock, Germany
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Marine recreational fishing is popular in Norway, but little is known about catches, socioeconomic impacts, or human dimensions on a national level. Norway’s marine recreational
fishery is diverse, and anyone (i.e. residents and tourists) can fish without a license along
Norway’s 25 000 km coastline. To test different on- and off-site survey sampling techniques,
three methods were used to obtain data on recreational fishing in the Oslofjord during June, July
and August 2016; i) a telephone screening survey, ii) diarists with telephone contact (memory
jogger approach) and iii) a roving creel survey with on-site face-to-face interviews of fishers. We
found diaries can provide high quality data, but follow-up of diarists needs improvement to
increase response rate. The screening survey revealed that 339 000 (20%) of the surrounding
1.7 million people informed to have fished in the Oslofjord at least once the last year.
Importantly, there was a discrepancy in estimates of proportion of persons born in other
countries between the telephone screening survey (8 %) and the roving creel survey (54 %).
This indicates potential bias in off-site surveys, and the need for complemented surveys.
Mackerel was the fish most caught in summer, with few Atlantic cod and other species.
Knowledge about regulations was low, for example, with only 20% knowing the minimum size
limit for Atlantic cod. This study provided information and methodological inputs towards
developing effective and sustainable fisheries management in the Oslofjord, and contributed to
a larger scale national survey on marine recreational fisheries in Norway.
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Tracking the World’s Most Elusive Gamefish – The Permit
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*Email: jakebrownscombe@gmail.com

Permit (Trachinotus falcatus) are a popular gamefish in the tropical western Atlantic Ocean,
Caribbean Sea and Gulf of Mexico. Hooking or landing a permit with a fly rod by sightfishing on
nearshore flats is considered by many as the pinnacle of sportfishing experiences. However, the
same elusiveness that makes this species attractive to anglers also poses major challenges to
scientists studying their ecology. There are fewer than ten scientific publications on this species,
none of which studied live adults. Hence, there are major knowledge gaps in the natural history
and ecology of this species relevant to their conservation. Here I will discuss an ongoing
acoustic telemetry study in the Florida Keys conducted in partnership with the angling
community and resource managers. We are addressing questions related to permit habitat use,
the scale of their regional movements, and connectivity between nearshore flats, coral reefs,
and shipwrecks. This talk will reveal the spatial ecology of one of the world’s most elusive
gamefish species, and the challenges of undertaking such a project.
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Case for Lake Erie Walleye as a Cultural Keystone Species
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Plant or animal species whose existence and symbolic value are essential to the stability of a
given culture through time are known as cultural keystone species. We propose that Lake Erie
Walleye provides an example of one such species. Walleye supports large-scale commercial
and recreational fisheries across Lake Erie, is featured prominently in annual festivals and
ceremonies held by local communities, and those whose livelihoods depend on Walleye
fisheries have developed a unique vernacular. Further, the complex life history of Walleye
makes it unlikely to be replaced by other native fishes within the cultural fabric of Lake Erie
should it become extirpated. Ultimately, because of the cultural and economic significance of
Walleye, a premium has been placed on effective, sustainable fisheries management, which
empowers agencies and stakeholders to commit fiscal resources to maintaining this species in
the context of cultural continuity. Additional system-wide benefits from this commitment include
stakeholder advocacy on a wide range of ecosystem issues, interagency investments in
assessments that characterize the status of other native fishes, including threatened and
endangered species, a focus on large-scale habitat enhancement projects that benefit
ecosystem function, and a recognition, through commercial fishery certification, that sustainable
fisheries are critical to cultural stability.
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Sea Angling 2016 – A Survey of Catches and Expenditure by Recreational
Sea Anglers in the UK
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Recreational sea angling is a popular and high value activity in the UK with catches of some
species significant. However, in many cases recreational catches are not included in stock
assessments affecting our ability to manage fish stock sustainably. In Europe, mandatory
annual reporting of recreational catches is required for certain species as part of the data
collection programme that underpins the Common Fisheries Policy. To fulfil this requirement,
the Sea Angling research programme was instigated in the UK in 2016
(www.substance.net/seaangling2016). A combined approach with a population survey and diary
panel was developed to estimate the expenditure and catches of all species by recreational sea
anglers. The national survey provided estimates of the numbers of sea anglers by region across
the UK and their avidity. A diary panel of almost 500 anglers reported catches monthly using a
bespoke online system developed for the project (www.seaangling2016.org). The estimates
catches and expenditure were raised to the total population accounting for avidity and location,
then partitioned to provide estimates at the regional sea level. The results of the 2016 survey
are compared to estimates from 2012 to assess the effect of different survey design - as well as
other factors such as regulations on catches of some species - and discussed in the context of
the methods for data collection from sea anglers and management of recreational sea angling in
the UK.
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Regulating Fisheries by an App
TOINE AARTS1, JAN KAMMAN*1
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In the Netherlands fishing rights are rented by angling associations. The renting organizations
are responsible for the fish stock in the rented waters. However, Waterboards and the ministry
who rent out the fishing rights are also responsible for the quality of the water systems including
fish stocks. Sportvisserij Nederland developed an App called VISplanner where every rented
water can be found, including the fishing rules. By entering membership number
(VISpasnumber) every member of an angling club can easily see where he is allowed to fish.
Before, this information was in paperback sized booklet. Since 2015 the App is officially a legal
part of the license, together with the VISpas, replacing the booklet. This presentation shows the
App, the working, the data collection system and maintenance of the app but also angler
behaviour concerning the change from paper to app, distribution issues, usage etc. For the near
future this app can be used to collect data about the usage and importance of waters since over
100.000 sports fishermen have downloaded this App.
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In 2016 there were 577.000 active and registered anglers in The Netherlands. In that year a
large survey was held among all these registered anglers, asking various questions about their
behaviour, such as the types of angling, species fished for, frequency and duration of trips etc..
In this survey we also asked when anglers first started angling, how they first got in touch with
angling and why they stopped or resumed their fishing activities. Also wishes of anglers as well
as their willingness to assist someone else with their angling are monitored in this survey. In
total 12.915 people completed the survey. The presentation shows responses to various
questions asked and discusses the results and associated biases. Results will be compared
with former survey results. The results are used to define the current needs of the anglers and
to shift the areas of focus for angling in The Netherlands. Not only for our own organization but
also in different national boards, where the importance of fisheries and needs and wishes of our
anglers for the near future are being discussed.
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Integrated Survey Methods to Estimate Harvest by Marine Recreational
Fishers in New Zealand
JOHN HOLDSWORTH
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Fishing is a popular and productive pastime in New Zealand. Several iterations of large scale
fisher diary surveys were undertaken in the 1990s to estimate recreational harvests. Slight
changes in survey method produced uncertain and at times implausible results. Focus turned to
more direct measures of fishing effort and harvest using aerial counts of boats, combined with
all day creel surveys at high traffic access points. In 2011-12 three concurrent surveys were
conducted independently using different methods: A random sample of 7000 panel diarists were
recruited using a face-to-face household survey and contacted regularly by SMS and telephone
to collect information; an aerial-access survey of boat based fishing; and a complete census
survey of access points in a sub-region to estimate the harvest by specialist fishers targeting
scallop and rock lobster. The results and methods were reviewed by an international expert
panel. The offsite survey relied on average weight data for each fish stock, provided by the
access point surveys, to convert estimates of numbers of fish caught to weight. The aerialaccess survey and access point census survey relied on the proportion of land-based harvest
estimated by the offsite survey, to derive total regional harvest estimates. The final snapper
(Pagrus auratus) harvest estimates where of a very similar magnitude. These were incorporated
into the stock assessment and management review, which led to a lively public and political
debate about new management controls in 2013. High quality recreational harvest estimates
are important to support management changes in high profile fisheries.
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The tidal waters recreational fishery in BC involves over 300,000 participants, and takes place in
some very remote locations. Time and area fishery strata are monitored through a combination
of creel surveys, guide and lodge logs, and angler logs. In this report we describe the
assignment of fishery risk to each stratum, and the resulting allocation of creel survey effort.
A significant portion of the BC tidal water fishery originates with lodges, guides and charter
operations. We explore the extent of this component of the fishery. We also describe
collaboration with fishing lodges, guides, and charter operations to address catch reporting in
remote areas, in obtaining high resolution biological sampling, and in the potential use of this
consistent data source as an index of abundance.
In 2016 DFO and the SFI collaborated on improving the participation rate of guides in catch
reporting and biological sampling along the west coast Vancouver Island. We describe the
work, including getting buy-in for sharing responsibility for fishery monitoring, for improving the
efficiency of the reporting and sampling process, for improving tools and adapting procedures,
and improving the education and awareness.
Guides generally agreed that lack of resolution of most fishery data was leading to reduced
fishing opportunities. Therefore, improved spatial and temporal resolution of the catch, stock
and biological composition, and subsequent utility for refining fishery management actions was
an important consideration in gaining support. We will describe how lessons from the 2016
experience will influence the development of a strategic plan for improving the participation of
guides and lodges in catch reporting and biological sampling throughout the BC coast.
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Angler Use of New Zealand Lake and River Fisheries: Results from Two
Decades of National Angling Surveys
HELEN TROTTER*1, MARTIN UNWIN2
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The 2014-15 National Angling Survey was the fourth in a series of surveys conducted since
1995 to estimate annual angling effort for all river and lake fisheries under Fish & Game New
Zealand (FGNZ) jurisdiction. Data on angling locations and effort during the 2014/2015 angling
season were collected via bimonthly telephone surveys of randomly selected fishing licence
holders.
Total annual effort from 1995-2015 ranged from 1.110 million angler-days in 2014/15 to 1.202
million angler-days in 2007/08, but shows no consistent long-term trend. Long-term trends are
more apparent at regional level, with significant declines in Auckland/Waikato, Eastern,
Wellington, and weaker declines in Nelson/Marlborough and Southland. Significant increases
have occurred in Central South Island, and on the West Coast. Consistent long-term trends are
also apparent with respect to River Environment Classification (REC) source-of-flow and land
cover class, for which total annual effort has declined by 48% for lowland river fisheries, and by
30% for fisheries in catchments dominated by pasture or cropland.
This dataset, which now spans two decades, is one of the few available sources of quantitative
data on long-term trends in New Zealand freshwater environments. It is valued not only by
FGNZ, but is now recognised as a robust and credible data source, widely used to inform
resource management and policy development.
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Challenges and Proposed Standards
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Recreational fisheries surveys are limited in time and place, which limits scientific understanding
and sustainable management. Smartphone applications (apps) allow anglers to record fishing
trips and catches. In this presentation, we describe the opportunities and challenges associated
with angler apps as a source of data, and propose minimum standards for their use in data
collection. Angler apps are a potentially valuable source of conventional and novel data that are
both frequent and extensive, and an opportunity to engage anglers through data sharing and
citizen science. To realize this potential, we must challenges related to angler recruitment and
retention, data quality and bias, and integration with existing fisheries programmes. We propose
solutions to each of these challenges. Given that the angler app market is diverse, competitive
and unpredictable, we emphasize minimum standards for data collection as a way to ensure
large and reliable data sets that can be compared and integrated across apps. These standards
relate to trips and catches, and angler demographics and behaviour, and should be supported
through consultation and research. Angler apps have the potential to fundamentally change how
anglers interact with the resource and with management.
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Smartphone applications (apps) that allow anglers and other recreational fishers to record the
details of their fishing trips and catches have emerged in recent years. When designed properly,
such apps can be a valuable and low-cost source of data that can feed into the future
management of recreational fisheries. This includes traditional fisheries-dependent data related
catch (harvest and release) as well as novel data that reveal how anglers interact with
management and the resource. Clearly, there are multiple challenges related to angler apps,
and future research should be directed at understanding the weakness and limitations as well
as the strengths and benefits. This study presents preliminary data from the app
“Fangstjournalen”, which was developed by DTU Aqua, Technical University of Denmark, to
generate quality data for research and management. The platform, which also includes a
browser version, is primarily financed by the Danish national fishing license and since it was
launched in 2016 has received support from ministries as well as fishing clubs. The number of
users is steadily growing. Here, I present patterns of user demography and compare this with
non-app user demography to explore potential patterns of user bias. To further explore
weaknesses and limitations of apps in general, I present data on retention time (i.e. how long
the anglers use the app) and explain why some anglers stop using the app. As examples of
strengths and benefits, I will give examples of data that can be generated from the app, such as
traditional recreational fisheries data (e.g. species-specific catch rates, release rates and size
distributions) and more novel data such as the interplay between angler avidity, motivations and
satisfaction.
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To supplement current sampling programs, fisheries professionals are turning to electronic, selfreporting platforms. The hope is that such platforms will be effective at filling data gaps and
enhance fisheries assessment. We assess the utility of the iAngler smartphone “app” data, one
such sampling program in Florida, for recreational fisheries stock assessment by characterizing
the dataset and comparing specific metrics to those of NOAA’s Marine Recreational Information
Program (MRIP). These metrics were spatial distribution of trips by county, frequency of catch
for the ten most commonly reported species, and species-specific catch rates. We conducted
“catch frequency”, catch rate, and length frequency of discard comparisons for different spatial
designations in Florida, and catch rate comparisons for different fishing modes. Data from
iAngler exhibits a strong spatial bias toward southeast Florida and a bias toward three common
inshore species: Common Snook (Centropomus undecimalis), Spotted Seatrout (Cynoscion
nebulosus), and Red Drum (Sciaenops ocellatus). However, iAngler catch rates for these three
species were similar to MRIP. Because most trips reported to iAngler came from a relatively
small number of anglers, we used a simulation to develop a proper weighting for angler avidity.
Using a geometric mean that accounted for zero-catch fishing trips and angler avidity, we
recalculated catch rates for Common Snook, Spotted Seatrout, and Red Drum and found avidity
to have a variable yet noticeable impact on catch rates. This study shows the potential for
electronic, self-reporting programs to provide reliable recreational fisheries data, if spatial and
demographic coverage is sufficient and avidity is accounted for.
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A significant recreational fishery has occurred in southern British Columbia tidal waters since
the 1940’s; with more than 300,000 licenced anglers currently. This fishery primarily targets
Pacific salmon, although groundfish – such as halibut (Hippoglossus stenolepis) – and shellfish
are also targeted. Fisheries and Oceans Canada has monitored tidal water recreational fisheries
using a creel survey since 1980. The creel survey was developed as a paired aerial-access
point design. Over time, the survey has expanded and contracted in scope in response to
changes in the spatial extent of the fishery and to changing budgets; it remains one of the
primary sources of information on recreational catch and effort information for domestic and
international fisheries management. This presentation will briefly summarize development of
the recreational fishery from a monitoring perspective and review the history of the creel survey
from its initial development to today, highlighting changes in methods, design and objectives as
well as future directions.
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Since July 2012, Fisheries and Oceans Canada has conducted an internet-based survey of tidal
water recreational licence holders to estimate effort and catch. The objective of this survey is to
provide reasonable quality estimates of effort and catch across all legal harvesting methods for
all species, areas and months. The survey is delivered, via an email with a personal survey link,
to a random selection of valid licence holders each month. Currently, more than one in three
licence holders are invited to provide fishing activity information via the survey; more than
100,000 licence holders per year. We first present a summary of the survey and analytical
methods to estimate catch from these fisher-dependent fishing records. We also present a
summary of telephone interviews conducted with licencees who failed to complete the internet
survey to evaluate the potential effects of a ‘non-response’ bias. We then describe how, for
boat-based angling effort and catch estimates, we use concurrent estimates from a
comprehensive creel survey to bias-correct our internet survey-based results. We conclude by
describing recent progress towards full implementation of the results into recreational fishery
management processes as well as future research.
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Recreational fishing in British Columbia is a popular endeavour and a significant economic
contributor to the province. More than 300,000 tidal waters licences are issued by DFO each
year, and the sector supports 7,700 jobs with an annual fishery value of approximately $500
million.
Over the past three decades, management of recreational fisheries has increased in complexity,
as resource management approaches strive to find a balance between fishing opportunities and
ecological requirements. A significant challenge for a regulatory agency such as Fisheries and
Oceans Canada is communicating ongoing fishery management measures (openings, closures,
restrictions) to the public in a manner that is timely, accurate and enforceable. DFO in Pacific
Region has been involved in a project to modernize recreational fishery communication for the
past two years, with components of that supported by a partnership with the Sport Fishing
Institute and the Pacific Salmon Foundation.
The primary focus of the Recreational Fishery Information Transformation project has been the
development of infrastructure and tools required to maintain a central repository of Pacific
recreational fishery information - a singular source of information for all distribution channels.
This repository (the Fishery Regulation Information System) is nearing completion and will
ensure that DFO's Recreational Fishery Website, the Sport Fishing App and any other
distribution channels will share dynamically-generated real-time regulatory changes to fishery
clients.
In addition to the FRIS database, the Department has embarked on a number of other
improvements to its website and other communications to improve readability (plain language),
support branding around client-responsibility (Catch Counts!), and move towards a fully
electronic fishing licence with an online repository for catch data. The development of these
tools is intended to both enhance the experience and ease-of-use for sport fishing anglers in BC
as well as support the effective management of the resource.
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A38
National Marine Recreational Fishing Expenditure Survey
JAMES HILGER*1, SABRINA LOVELL2
1

National Oceanic and Atmospheric Administration - National Marine Fisheries Service Southwest Fishery Science Center; 2National Oceanic and Atmospheric Administration National Marine Fisheries Service – Office of Science and Technology
*Email: james.hilger@noaa.gov
U.S. law mandates NOAA’s National Marine Fisheries Service (NMFS) to enumerate the
economic impacts of the policies it implements. Additionally, NMFS is responsible for
estimating the economic importance of marine recreational fishing to the nation. In order to
gather economic data related to marine recreational angling, NMFS conducts surveys of
recreational anglers to gather anglers’ expenditures on recreational fishing trip expenditures.
The primary objectives of the 2016/2017 National Marine Recreational Fishing Expenditure
Survey are to profile the most recent marine recreational fishing trip in terms of mode (for-hire,
private boat, shore fishing), number of days fished, species targeted, reason for trip, location of
trip, etc.), collect a set of trip expenditures for the most recent marine recreational fishing trip,
and collect limited demographic information. The survey was conducted to cover angler marine
fishing activities that occurred from January 2016 to December 2016 in Alabama, Florida,
Mississippi, Louisiana, Texas, California, Oregon, Washington and Alaska. Additionally, surveys
were sent to holders of the recreational Highly Migratory Species permit along the Atlantic and
Gulf coasts. In 2017, the states from Maine to Georgia, and Hawaii will be surveyed. This
presentation will focus on project goals and methodologies.
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A39
Recreational Sea Fishing in Europe – Participation Rates, Fishing Effort
and Expenditure in a Global Context
KIERAN HYDER*1, MARC SIMON WELTERSBACH2, MIKE ARMSTRONG1, KENO FERTER3,
BRYONY TOWNHILL1, ANSSI AHVONEN4, ROBERT ARLINGHAUS5,6, ANDREI BAIKOV6,
MANUEL BELLANGER8, JANIS BIRZAKS9, TRUDE BORCH10, GIULIA CAMBIE1,11, ŁUKASZ
DZIEMIAN12, MARTIN DE GRAAF13, ANA GORDOA14, RYSZARD GRZEBIELEC12, BRUCE
HARTILL15, ANDERS KAGERVALL16, KOSTAS KAPIRIS16, MARTIN KARLSSON18, ALF RING
KLEIVEN19, ADAM M. LEJK12, HAROLD LEVREL20, SABRINA LOVELL21, JEREMY LYLE22,
PENTTI MOILANEN4, GRAHAM MONKMAN11, BEATRIZ MORALES-NIN23, ESTANIS
MUGERZA24, ROI MARTINEZ1, PAUL O'REILLY25, HANS JAKOB OLESEN26, ANASTASIOS
PAPADOPOULOS26, PABLO PITA28, KRZYSZTOF RADTKE12, WILLIAM ROCHE25, DELPHINE
ROCKLIN29, JON RUIZ24, CALLUM SCOUGAL1, ROBERTO SILVESTRI30, CHRISTIAN
SKOV26, SCOTT STEINBACK31, ANDREAS SUNDELÖF32, ARVYDAS SVAGZDYS33, DAVID
TURNBULL34, DAVID VAN VOORHEES21, FRANKWIN VAN WINSEN35, THOMAS VERLEYE36,
PEDRO VEIGA36, JON-HELGE VØLSTAD3, TESSA VAN DER HAMMEN13, LUCIA ZARAUZ23,
TOMAS ZOLUBAS33, HARRY V. STREHLOW 2
1
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NR33 0HT, UK; 2Thünen Institute of Baltic Sea Fisheries, Alter Hafen Süd 2, 18069 Rostock,
Germany; 3Institute of Marine Research, PO Box 1870 Nordnes, 5817 Bergen, Norway; 4Natural
Resources Institute Finland (Luke), Viikinkaari 4, 00790 Helsinki, Finland; 5Leibniz-Institute of
Freshwater Ecology and Inland Fisheries, Department of Biology and Ecology of Fishes,
Müggelseedamm 310, 12587 Berlin, Germany; 6Division of Integrative Fisheries Management,
Faculty of Life Sciences, Albrecht-Daniel-Thaer-Institute of Agriculture and Horticulture,
Humboldt-Universität zu Berlin, Germany; 7Fisheries Resources Department, Ministry of
Environment, Narva mnt 7a, 15172 Tallinn, Estonia; 8Ifremer, UMR AMURE, Unité d’Economie
Maritime, BP 70, 29280 Plouzané, France; 9Institute of Food Safety, Animal Health and
Environment, Lejupes Street 3, Riga, LV-1076, Latvia; 10Akvaplan-niva AS, Fram Centre, PO
Box 6606, 9296 Tromsø, Norway; 11School of Ocean Sciences, Bangor University, Menai
Bridge, Anglesey, LL59 5AB, UK; 12National Marine Fisheries Research Institute (NMFRI), ul.
Kollataja 1, 81-332 Gdynia, Poland; 13IMARES Wageningen UR, PO Box 68, 1970 AB
IJmuiden, The Netherlands; 14Department of Marine Ecology, Centre d'Estudis Avançats de
Blanes (CEAB-CSIC), Carrer Accés Cala St. Francesc 14. 17300 Blanes, Spain; 15NIWA, 41
Market Place Viaduct Harbour, Auckland Central 1010, New Zealand; 16Institute of Freshwater
Research, Swedish University for Agricultural Sciences, Stångholmsvägen 2, 17893
Drottningholm, Sweden; 17Hellenic Centre for Marine Research, Institute of Marine Biological
Resources and Inland Waters, Athens-Sounio Av., 19013, Anavissos, Greece; 18Department of
Aquatic Resources, Institute of Coastal Research, Skolgatan 6, SE-742 42 Öregrund, Sweden;
19
Institute of Marine Research, Flødevigen Marine Research Station, Nye Flødevigveien 20,
4817 His, Norway; 20UMR CIRED, Campus du Jardin Tropical, 45 bis, avenue de la Belle
Gabrielle, 94736 Nogent-sur-Marne Cedex, Paris, France; 21NOAA Fisheries, 1315 East-West
Highway, Silver Spring, MD 20910, United States; 22Institute for Marine and Antarctic Studies,
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University of Tasmania, Private Bag 49, Hobart TAS 7001, Australia; 23Mediterranean Institute
of Advanced Studies (CSIC/UIB), C/ Miquel Marquès 21, 07190 Esporles, Mallorca, Iles
Balears, Spain; 24AZTI-Tecnalia, Txatxarramendi ugartea z/g, 48395 Sukarrieta (Bizkaia),
Spain; 25Inland Fisheries Ireland, 3044 Lake Drive, Citywest Business Campus, Dublin 24,
Ireland; 26Technical University of Denmark, National Institute of Aquatic Resources (DTU Aqua),
Jaegersborg Allé 1, 2920 Charlottenlund, Denmark; 27Fisheries Research Institute, Nea
Peramos, 64007, Greece; 28Department of Applied Economics, Faculty of Economics and
Business Administration, University of Santiago de Compostela, Av. Burgo das Nacións
s/n,15782 Santiago de Compostela, Spain; 29Department of Geography, Memorial University of
Newfoundland, St. John’s, NL, A1B 3X9, Canada; 30C.I.B.M. Centro Interuniversitario di Biologia
Marina ed Ecologia Applicata, Viale N. Sauro 4, 57128, Livorno, Italy; 31NOAA Fisheries, 166
Water Street, Woods Hole, MA 02543, United States; 32Institute of Marine Research, Swedish
University of Agricultural Sciences, Turistgatan 5, 453 30 Lysekil, Sweden; 33Ministry of
Agriculture, Fisheries Service, Nanjoji Uosto 8a, 92119 Klaipeda, Lithuania; 34Marine Scotland,
Scottish Government, 1B-South Victoria Quay, Edinburgh EH6 6QQ, UK; 35Institute for
Agricultural and Fisheries Research (ILVO), Ankerstraat 1, 8400 Oostende, Belgium; 36Vlaams
Instituut voor de Zee (VLIZ), Flanders Marine Institute, Wandelaarkaai 7, 8400 Oostende,
Belgium; 37Centre of Marine Sciences (CCMAR), FCT-7, University of Algarve, Campus de
Gambelas, 8005-139 Faro, Portugal
*Email: kieran.hyder@cefas.co.uk

Marine recreational fishing (MRF) is a high-participation activity with large economic value and
social benefits globally, with separate catch allocations for commercial and recreational fisheries
common in some countries. Although reporting of recreational catches has been a European
legislative requirement since 2002, robust estimates of MRF are only available for some
countries. In this study, the numbers of anglers, participation rates, days fished, expenditures
and catches of two key species were synthesised to provide estimates of MRF in Europe.
National data were collated by local experts and, where surveys did not exist, combined with
extrapolations from donor countries corrected for population size or GDP. We estimated that
there were 8.7 million European recreational sea fishers and a participation rate of 1.6%. Each
year, 77.6 million days were fished and direct expenditure was €5.9 billion. Higher participation,
numbers of fishers, days fished, effort, and expenditure was found in the Atlantic than in the
Mediterranean region. Comparisons with other regions globally showed that MRF participation
rates were higher in Oceania and the U.S., but expenditure was lower than the U.S. In contrast,
participation rates, days fished and expenditure were higher in Europe than South America and
Africa. Removals by MRF represented 27% of the total removals for European sea bass and
western Baltic cod. These estimates highlight the importance of the European MRF and the
need for collection of MRF data that can be used for stock assessment and fisheries
management, leading to sustainable use of European marine fishery resources.
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A40
Defining Bonefish, Albula vulpes, Migration Corridors and Spawning
Aggregation Sites on Eleuthera, the Bahamas
GEORGIANA BURRUSS*1,2, AARON SHULTZ3, JEFFREY STEIN4, DAVID PHILIPP5, KAREN
MURCHIE6, ELIZABETH WALLACE6, STEVEN COOKE8, TRAVIS VAN LEEUWEN2,
CHRISTOPHER HAAK9, CORY SUSKI4, AMBER PETERS1
Michigan State University’s Department of Fish and Wildlife, Lansing, MI; 2Flats Ecology and
Conservation Program, Cape Eleuthera Institute, Rock Sound, The Bahamas; 3Great Lake
Indian Fish and Wildlife Commission, Odanah, WI; 4University of Illinois Urbana-Champaign’s
Department of Natural Resources and Environmental Sciences, Urbana, IL; 5Fisheries
Conservation Foundation, Champaign, IL; 6Shedd Aquarium, Chicago, IL; 6Florida Fish and
Wildlife Conservation Commission, St. Petersburg, FL; 8Fish Ecology and Conservation
Physiology Lab, Carleton University, Ottawa, Canada; 9University of Massachusetts Amherst,
Amherst, Massachusetts
1

*Email: burrussg@msu.edu

Marine fish species that employ the reproductive strategy of broadcast spawning frequently
migrate from their typical home ranges to spawning aggregation (SA) sites. Fidelity to SA sites
and migration corridors may expose these species to both natural and anthropogenic threats,
such as predation and coastal development. In the Bahamas, bonefish, Albula vulpes, are a
popular sportfish, supporting a catch-and-release flyfishing industry estimated to generate $141
million USD annually for the Bahamian economy. Acoustic telemetry studies on bonefish have
determined that these fish use nearshore flats and mangrove creeks for feeding followed by
monthly migrations to deeper water to form SAs. Previous studies identified multiple migration
corridors and SA sites on Grand Bahama, but currently there is limited and incomplete
knowledge of these critical locations on Eleuthera. Between 2015-2017, using a broad-scale
acoustic telemetry array, fish were tracked moving between foraging grounds and SAs at five
locations around Eleuthera. Bonefish tagged in each of these locations were not detected in
another region, indicating that these populations likely do not mix at spawning sites. Telemetry
data indicates five spawning migrations corridors utilized between December and June, with
migration distances between 1 km and 25 km from foraging grounds to SA sites. To conserve
this recreational fishery, natural resource managers should consider incorporating bonefish
migration corridors and SAs into management plans, specifically the design of marine reserves.
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A41
A Framework for Science-Based Management of Marine Recreational
Fisheries in Norway
KENO FERTER*1, ALF RING KLEIVEN2, ØYSTEIN AAS3,4, TRUDE BORCH5, JONATHAN
EDVARD COLMAN4, THROND O. HAUGEN4, STIAN STENSLAND4, ROBERT
ARLINGHAUS6,7, MAIKEN BJØRKAN8, MARY C. CHRISTMAN9, SIGURD HEIBERG
ESPELAND2, EDVIN FUGLEBAKK1, BRUCE HARTILL10, KIERAN HYDER11, SABRINA
LOVELL12, JEREMY LYLE13, KJELL H. NEDREAAS1, KENNETH H. POLLOCK14, CHRISTIAN
SKOV15, HARRY STREHLOW 16, DAVE VAN VOORHEES16, JON HELGE VØLSTAD1
1
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Human Dimension Department, Norwegian Institute for Nature Research (NINA),
Fakkelgården, Lillehammer 2624, Norway; 4Faculty of Environmental Sciences and Natural
Resource Management, Norwegian University of Life Sciences, P.O. Box 5003, NO-1432 Ås,
Norway; 5Akvaplan-niva AS, Fram Centre, PO Box 6606, 9296 Tromsø, Norway; 6LeibnizInstitute of Freshwater Ecology and Inland Fisheries, Department of Biology and Ecology of
Fishes, Müggelseedamm 310, 12586 Berlin, Germany; 7Division of Integrative Fisheries
Management, Faculty of Life Sciences, Albrecht-Daniel Thaer-Institute of Agriculture and
Horticulture, Humboldt-Universität zu Berlin, Germany; 8Nordland Research Institute, Postboks
1490, N-8049 Bodø, Norway; 9MCC Statistical Consulting LLC and University of Florida, 2219
NW 23rd Terrace, Gainesville, FL 32605, USA; 10NIWA, 41 Market Place Viaduct Harbour,
Auckland Central 1010, New Zealand; 11Centre for Environment, Fisheries & Aquaculture
Science, Pakefield Road, Lowestoft, Suffolk 15 NR33 0HT, UK; 12NOAA Fisheries, 1315 EastWest Highway, Silver Spring, MD 20910, United States; 13Institute for Marine and Antarctic
Studies, University of Tasmania, Private Bag 49, Hobart TAS 6001, Australia; 14Department of
Applied Ecology, Box 6616, North Carolina State University, Raleigh, NC 26695-6616, USA;
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Technical University of Denmark, National Institute of Aquatic Resources (DTU Aqua),
Vejlsøvej 39, 8600 Silkeborg, Denmark; 16Thünen Institute of Baltic Sea Fisheries, Alter Hafen
Süd 2, 18069 Rostock, Germany
*Email: keno@IMR.no

This talk introduces and presents the first results of an interdisciplinary three-year project which
aims to provide knowledge of the extent and development of marine recreational fisheries
(MRF) in Norway, as well as of the ecosystem services provided by the sector. Norwegian MRF
are an important part of the blue economy, but may threaten the sustainability of coastal fish
stocks. Resource managers presently lack science-based knowledge to evaluate MRF'
economic importance and impact on fish stocks relative to other potentially conflicting coastal
activities. MRF in Norway are open access, and there is neither a comprehensive registry
database of recreational fishers nor a complete registry of recreational boats available. The
Norwegian telephone registry provides excellent coverage of the domestic population and is
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used as sampling frame for a telephone-diary survey to characterize this segment of MRF. Onsite surveys are required for non-resident marine recreational fishers, and to collect biological
data. This is challenging because MRF are widely spread out in time and space and the
heterogeneous population of fishers cannot be representatively sampled from a finite list of
access-points along the coast. Therefore, a framework for cost-effective probability-based
survey sampling that can minimize biases and provide robust national estimates of recreational
effort, catches, and the ecosystem services provided from MRF is developed. This includes
innovative statistical methods that combine complementary probabilistic survey methods which
are tested during 2017. This project will provide guidelines of sampling efforts to reliably quantify
and characterize Norway's diverse and extensive MRF.
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A42
The Silver King Acoustic Telemetry Network: Tracking Atlantic Tarpon
Across the Gulf of Mexico and the Western Atlantic
LUCAS GRIFFIN*1, AARON ADAMS 2,3, JACOB BROWNSCOMBE4, STEVEN COOKE4, ANDY
DANYLCHUK1
1

Department of Environmental Conservation, University of Massachusetts Amherst, USA;
Bonefish & Tarpon Trust, USA; 3Harbor Branch Oceanographic Institute, Florida Atlantic
University, USA; 4Fish Ecology and Conservation Physiology, Ottawa-Carleton Institute for
Biology, Carleton University, Canada
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*Email: lucaspgriffin@gmail.com

The recreational fishery for Atlantic tarpon (Megalops atlanticus) has rapidly expanded since the
fishery’s origin in Charlotte Harbor in 1885. This fishery, worth billions of dollars per year, now
encompasses the Chesapeake Bay, Gulf of Mexico, and the Caribbean. Given the economic
importance of the tarpon fishery across regions, a better understanding of tarpon movements
and habitat use across life history stages is needed to develop and implement a strong tarpon
management plan. Although acoustic telemetry provides a means to track tarpon movements
across local and regional scales, the wide geographic range and variable migratory behaviors of
tarpon require multi-institutional collaboration. We report on the Silver King Acoustic Telemetry
Network, an extensive collaboration of agencies, institutions, guides and anglers who have
joined together to establish an acoustic telemetry monitoring network stretching from the Gulf of
Mexico to the east Atlantic Coast, including the iTAG, FACT, and ACT networks. This
collaborative provides us the ability to determine the extent of connectivity between regional
tarpon populations; if tarpon use the same spawning sites each year; the effects of freshwater
flows on tarpon movements; and the movement patterns and habitat use of tarpon. We also
report on the important roles of stakeholder engagement for guiding tarpon research and
conservation priorities. We provide preliminary results on the diverse movement strategies of
tarpon across size classes.
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Describing Growth of Stocked Rainbow Trout Based on Stocking Densities
and Landscape Characteristics
DIVYA A. VARKEY*1, BRETT T. VAN POORTEN2, MURDOCH K. MCALLISTER1, THERESA
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We developed a growth model for Rainbow trout (Oncorhynchus mykiss) based on a Bayesian
hierarchical analysis of growth data from 142 gill-net assessments across the province. The
growth equation was defined as a von Bertalanffy function and the environmental and stocking
covariates were applied to L∞ or K parameters of the function. Considerable improvement in
prediction of growth was obtained by calculating the time in terms of growing degree days
experienced by fish in the lake. On average, fish stocked as yearlings have an approximately
17% higher K than those stocked as fry. Key factors defining growth for the most parsimonious
model were calculating time spent in lake based on growing degree days, the life-stage at
stocking, stocking density, and the strain of stocking.
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Characterizing Angling Effort Responses to Stocking of Triploid Rainbow
Trout in B.C. Lakes in a Meta-Analysis of Long-Term Records of Aerial
Surveys of Angling Effort
ERIC PARKINSON1, MURDOCH MCALLISTER*2, THERESA GODIN3
1

B.C. Ministry of the Environment; 2Institute for the Oceans and Fisheries, University of British
Columbia; 3Freshwater Fisheries Society of B.C.
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An increasing number of small lakes in western North America have been stocked with allfemale, triploid rainbow trout (AF3n). AF3ns survive beyond the ages at maturity for diploid (2n)
fish and are not subject to the loss of flesh quality and appearance that occur with maturation.
Performance evaluations of 2n versus AF3n trout have focussed on growth, survival and return
to creel rather than angler effort. Measuring an effort response is difficult because high temporal
variance in angler counts causes low statistical power. To address this issue, our analysis uses
a large data set consisting of 63,139 aerial boat counts from 512 B.C. lakes collected between
1989, prior to any AF3n stocking, and 2014, when about 50% of stocked rainbow trout were
AF3n. We present a meta-analysis to test hypotheses about angler effort response to AF3n
stocking and coincident changes in other management policies. We found significant
common-shared interannual variation in effort across all observed lakes, i.e., interannual
changes averaging about 15% per year, common to all observed lakes. When these “common
year effects” were accounted for, significant positive effort responses to AF3n stocking and
other management methods were found. Angling effort increased by about 20% following AF3n
stocking. Other factors that were found to significantly impact angling effort on B.C. small lakes
include stocking density, regulation intensity, the game fish species stocked and region. The
meta-analysis of angler count data on numerous lakes was critical to detecting angler
responses to different management methods and thereby testing their effectiveness.
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A45
Use of a Modified Delphi Method to Develop Recreational Blueline Tilefish
Catch Estimates
JASON T. DIDDEN*1, CHRISTOPHER M. MOORE1
1

Mid-Atlantic Fishery Management Council, Dover, DE

*Email: jdidden@mafmc.org

Recent increases in the harvest of blueline tilefish (Caulolatilus microps) by fishermen from the
states of New York through Virginia required the development of management measures by the
Mid-Atlantic Fishery Management Council (Council) to control harvest. Council management in
U.S. Federal waters includes the specification of an Acceptable Biological Catch (ABC) by the
Council’s Scientific and Statistical Committee (SSC). In order to develop an ABC for blueline
tilefish, the SSC required a time series of catch estimates. Commercial catch estimates were
available but given the rare-event nature of private recreational blueline tilefish catches in the
Mid-Atlantic as well as underreporting in the for-hire segment of the fishery, reliable catch
estimates for the recreational fishery did not exist. As such, the Council used a modified Delphi
Method to develop recreational blueline tilefish catch estimates. The method included iterative
surveys in online and workshop formats to solicit input from fishermen who had expert
knowledge of the blueline tilefish recreational fishery. The recreational catch estimates
developed by this modified Delphi Method were used by the Council’s SSC to develop an ABC
recommendation and are currently being used in an ongoing blueline tilefish stock assessment.
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