e, Politics, and Wild Trout Management: Who's Driving and Where Are We Going?

Using Statewide Survey Data to Support Local-Scale Management of
Michigan Trout Streams

Trov Zorn!, Todd Wills and Jan-Michael Hessenauer?’, Ed Bissell and Joel Lenz®, Ashley DePottev?,
Danielle Forsyth Kilijanczyk®, Anila Francis®
Marquette Fishenes Research Station, Michigan Department of Matwral Resources, 484 Chany Creak Road,
Marquette, MI 49855
#1 ske St Clair Fisheries Ressarch Station, Michizan Department of Watural Rasources, 33135
Soofh River Road, Harrison Township, MI 48317
‘Dieparment of Geography, Em . and Spatal Scences- Remote Sensing and Geographue Information Systems,
Michigan State University, 673 Auditorium Road, 2nd Geography Building, Fast Lansing MI 488241117
#3180 New York Street, Redlands, CA 92373
SInstitute for Fisheries Research, Michigan Department of Natural Resources, 400 North Ingalls, G250, Ann Arbor, MI 48109
hhchizan Department of Technology Manazement and Budzet, Fomney Bulding - Tenth Floor,
111 S. Capitol Ave, Lansing MI 48933

Abstract—Building upon insights from state fishery managers and multi-decadal studies on

trout populaticns, the state of Michigan embarked on a statewide program to monitor trends

in wild trout populations and to assess the status of fish assemblages and habitats in all

streams. Initiated in 2002, the Stream Status and Trends Program (SSTP) provides a rich set of
informaticn from standardized surveys across Michigan. Data from SSTP surveys support public-
facing tools which inform stakeholders (biologists, anglers, various publics) of trends in highly-
valued trout populations and provide an empirical basis for managing individual stream reaches.
Launched in 2014, the Stream Fizh Population Trend Viewer allows users to assess trends in wild
trout abundance, growth, and survival using data from fixed {index) electrofizhing =ites throughout
the state. The Michigan Stream Evaluator, scheduled for release in 2017, provides comparisons
of habitat and fizh assemblage conditions at individual sites to benchmarks computed from
surveys in streams having similar size, temperature, channel gradient, and gecgraphic location
aftributes. Both tools are refreshed annually with addiional survey data.

Introduction (Frissell et al. 1926). Even among groundwater-

Conserving and managing wild trout populations mfluenced streams in the Great Lakes region. flow
and fisheries, and aquatic commumities in streams in stability, reach-scale stream gradient and power can
general, pose challenges on several levels to fisheries ~ Vary over several orders of magmitude, resulting
biologists. Trout populations are dynamic through m mytiad combinations of stream habitat and fish
time, being shaped by short- and long-term changes assemblages across the region (Zom et al. 2002).
in flow, temperature, and water quality conditions In addition, the streams in which trout reside are
(Lobén-Cervia 2004; Zom and Nuhfer 2007a). constantly changing as stream channel habitats are
Longer-term climatic and hydrelogic changes further shaped and altered by natural and human-induced
complicate patterns in trout recruitment. growth, geomorphic processes (Ward and Stanford 1983; Poff
survival, and ultimately, population interactions and etal 1997). _ _ o
trajectories (Poff and Ward 1989; Wenger et al. 2011). In water-rich Midwestern states like Michigan,
Even for hydrologically stable, groumdwater-fed there are tens of thousands of kilometers of rout
streams, 10-20 years of anmmal population estimate stream habitat. Wild trout production from these
data are needed just to characterize baseline variability ~ Streams dwarfs that of state fish hatcheries, making
in trout populations (Wiley et al. 1997). these streams a tremendously valuable resource.

Trout pepulations live m a diverse ammay of Demands on Michigan’s fishery managers are diverse
habitats, ranging from high mountain lakes and though, with upwards of 180,000 stream trout anglers.
streams. to low-gradient groumdwater-fed rivers and major fishenes in the Great Lakes and owver 10,000
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mland lakes. With so much trout water and so many
fisheries to protect and manage, much of the challenge
for hiologists 1s to make sense of stream survey data
for an mdividual water body (or location) that may be
sampled only once every couple decades. Some basic
questions need to be answered. For example, to what
degres do conditions at the site, reach, and catchment
scales influence what the survey data show? How is
the observed population shaped by regienal climatic or
hydrelogic processes that simularly affect populations
across the region? What are typical stream habitat, fish
assemblage. and fish population characteristics for this
type of stream? Are conditions out of the ordinary, or
mn nead of spectfic management action? Answering
these questions requires a longer-term, regional
perspective that goes beyond typical management wnit
of political bovmdaries, and necessitates sampling and
analyses coordinated across larger spatial and temporal
scales. An improved inventory program was needed

so trout managers (with limited local-scale data) could
better understand and explain what was dnving fish
populations at individual stream sites.

Michigan's Stream Status and Trends Program
{S5TP; Hayes et al. 2003) was inifiated in 2002 to
characterize differences among a diverse array of
stream systems and to describe trends i key fish
populations over time. Ultimately, the intent was to
be able to provide the information needed to address
questions relating to spatial and temporal vanation
in stream fish (especially wild trout) populations
throughout the state. The S5TP brought the
accompanying challenge of conveying the importance
of temporal and spatial mfluences on stream fish
populations to mnterest groups and a public typically
less exposed to this broader perspective. Here, we
show how data from the SSTP are packaged and
delivered to address questions that anglers, the public,
and other biclogists often ask local fishery managers.

Methods

The S5TP grew from recognition of existing
knowledge gaps and imderstanding acquired from
earlier stream fish ecology studies m Michigan.
Analyses of long-term index site data on Brook Trout
Salvelinus fontinalis and Brown Trout Salmo frutia
populations in the Au Sable River and Michigan waters
highlighted the importance of long-term population
mdex data to trout ecelogy and management (e.g.,
Clark et al. 1980; Zom and WNuhfer 2007a; 2007h).
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An appreciation of the diversity of Michigan streams
and the need to better understand stream-specific
mfluences on fish populations was evident from
several studies completed in Michigan dunng the last
two decades (e.g., Wiley and Seelbach 1997; Wiley et
al. 1997; Zom et al. 2002, Wehrly et al. 2003; Seelbach
et al. 2006). Combimed, these efforts lnghlighted a
fimdamental need for understanding what was doving
spatial and temporal patterns in fish populations and
habitat conditions m Michigan streams.

The design of the S5TP incorporates two different,
yet complementary, types of sampling. Fixed (index)
site sampling is used for stream types supporting
valuable fisheries for wild trout or Smallmouth Bass
Micropterus dolomisu streams. Wadeable electrofishing
reaches (typically 1,000 ft) are sampled in late-summer
using a 3-years-on, 3-vears-off rotation. to provide
broader geographic coverage throughout Michigan
while enabling estimates of year-to-year survival of
trout at mdividual sites. T}.{e following parameters are
measured during years when sampling is scheduled:
mark-recapture population estimates by size and age
group of trout (1-pass catch rates for Smallmouth
Bass); anmal estimates of trout growth and survival;
and hourly water temperature measurements. Instream,
nparian, and woody habitat conditions and fish
commumity composition of electrofishing reaches
are measired once per 3-year-on cycle to enable
assessment of effects of nver- and site-level atiributes
cn fish populations (Wills et al. 2008). Overall, thas
approach provides high-resolution trend detection, with
the regienal network of sites providing information
cn the spatial extent of trends and synchrony among
populations (Zom and Nuhfer 2007).

A stratified random sampling design is nsed
primarily for general resource mventory, with the
intent of quantifying fich assemblage and habitat
conditions n each type of stream in Michigan. The
primary sampling unit for the stratified random
sampling design is the mver valley segment (Seelbach
et al. 2006), a contiguous segment of a stream
that is characterized by similar ydrology, water
guality, chanmel morphology, nipanan land eover,
and fish commumities along its length For the S5TF,
mdividual valley segments were randomly ordered
for sampling by field crews. We expect that it will
take several decades before the entire list of segments
has been sampled. Surveys at random sites involved
sampling the fish assemblage in the sample reach via
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single-pass electrofishing. hourly water temperature
measurements, and collection of data describing
mstream, riparian, and woody habitat conditions
within the sample reach (Wills et al. 2008). Data
from all SSTP surveys are entered info the Michigan
Department of Natural Resources (MDNR) Fisheries
Division’s centralized database, the Fish Collection
System (FCS). Seeing the value of the standardized
sampling approach and thorough data collection
procedures, MDNR Fisheries Division staff and
other partners have completed many additional
surveys using SSTP random site protocols. providing
additional survey data for use.

The SSTP imtiated use of standardized data
collection protocols for stream surveys actbss the state
and centralized storage of survey information. After
the SSTP was initiated, several years were needed
for data to accumulate in the FCS to reach a “cnitical
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mass” for use in development of decision support
tools. In addition, a modest amount of external funding
had to be acquired to support the additional expertise
needed for tool development.

Stream Fish Population Trend Viewer (T1)-
Stream survey data for Brook Trout, Brown Trout,
Rambow Trout Oncorlynchus mykiss, Coho Salmon
Oncorlynchus kisutch, and Smallmouth Bass at fixed
sites are quenied to provide anmual estimates of total
biomass density. numenical density (numbers per
acre by age and size class). and mean length-at-age
and annual survival for age classes with adequate
sample sizes. These data are annually extracted and
summarized from the FCS for use in the TV via
MS-Access ODBC queries. Average values for each
parameter at that site are also calculated from surveys
since 2002, and represent “long-term™ mean values
for that parameter at that site. These data allow users
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Figure 1. Screen capture from the Stream Fish Population Trend Viewer
showing total biomass (pounds/acre) of Brown Trout from most recent
surveys at electrofishing index (SSTP fixed) sites in Michigan. Color of
dots shows how most recent survey value compares to average value at
that site from surveys conducted since 2002. Accessed May 9, 2017.
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of the TV to view current status (percent departure
from “long-term” average) for a given parameter (e.g.,
density of age-1 Brown Trout) at all sites in Michigan
on a map, and assess the extent to which other
populations mn the region share a similar status (1.e.,
the spatial extent of the trend) Data for each parameter
measured at fixed sites are viewsble in graph and
tabular form, and downloadable as pdf or xls files.
Historic (pre-2002) data are also available at several
fixed sites.

Michigan Stream Evaluator (MSE)- The MSE
enables users to access benchmark or typical values
for many parameters measured on hundreds of surveys
conducted using MDNE. 55TP random site protocols.
Benchmark values (mean and standard deviation)
of various survey parameters are computed via MS-
Access ODBC quenes of data in the FCS. Survey
parameters include nmumernical density of fishes, density
by size class for game species, transect-based instream
habitat data, bank and npanan habitat measures,
density of logs and woody habitat, and others. The
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Figure 2. Screen capture from Stream Fish Population
Trend Viewer showing numerical density (number’
acre on y-axis) of age-1 Brook Trout from surveys
since 1972 at fixed sites on the main-stem Au
Sable River and South Branch Au Sable River.
Accessed May 3, 2047
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MSE includes benchmarks for over 100 survey
parameters. Data are stratified in vanous ways so that
benchmarks are computed for the diversity of stream
types and regions of Michigan Strata are based on
nver catchment size, July mean water temperature,
reach gradient, geographic area or region, and
accessibility to the Great Lakes.

Users of the MSE can select an individual stream
survey, the attributes of benchmark for compansons.
Values of parameters from the chesen survey are
displayed, along with mean and standard deviation
values computed from benchmark streams. For each
parameter, a line graph depicts the difference between
observed and benchmark mean values, with the
difference standardized (divided) by the benchmark s
standard deviation.

The Michigan Department of Technology
Management and Budget (DTMB) hosts the TV and
MSE on secure Windows-based Servers mnning
Internet Information Services. Microsoft SQL Server,
enabled with ESRI ArcGIS Spatial Database Engine
houses the GIS and tabular data for both tools. ESEI
Arc(GIS for Server provides the technology to serve
the mapping data. ESEI JavaScript application
programming interface powers the mapping and
analysis in the TV and MSE. JavaScript charting
libraries enable the interactive visualization of fish
abundance and habitat specific information. Data for
the TV and MSE are updated anmually (typically in
late winter) after fish sampling and age and growth
data from the previcus field season have been entered
and approved.

Results

Through the TV, the most recent data documenting
trends m wild trout abvndance, growth, and survival
are efficiently summarized and made publicly
available in a relatively user-friendly form Data are
available for fixed sites on 16 wild trout streams with
Great Lakes access, 19 wild trout streams without
Great Lakes access, and 9 Smallmouth Bass streams,
with surveys at some locations going back as far as
1947, A link to the TV can be accessed by entering
“Stream fish population trend viewer” into an infernet
search engine.

Map-based outputs of the TV make it easy to
assess population trends at a site, and to compare
conditions ameng sites. For example, recent data on
total Brown Trout biomass from fized sites around
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Michigan suggests that among trout streams where
Brown Trout occur, biomass is generally near or
above average in streams in the northern portion of the
state, though more than 30% below average in some
southwest Michigan trout streams (Figure 1).

Tabular outputs from the TV allow users to explore
long-term frends in abimdance, growth, and survival of
wild trout, and assess similarity in populations within
a region. For example, long-term data from the maimn-
stem An Sable Biver and South Branch Au Sable Biver
show similar patterns in density of age-1 Brook Trout,
suggesting population dynamics may be influenced
by larger-scale processes acting on trout populations
across the region (Figure 2).

Example cutput from the MSE demonstrates its
utility for placing survey results into a broader context.
Here, results from a survey on the West Branch
Sturgeon River were compared to benchmark values
computed from 12 surveys conducted on similar
streams in Michigan’s Northemn Iower Peninsula
(Figure 3). The West Branch Sturgecn Fiver was
considerably wider than maest surveys in its class,
and had a notably greater percent coverage of rooted
aquatic plants. Woody habitat, parhenlarly the density
of large logs, was somewhat lower than average. Total
fish and small Brown Trout density were slightly
higher than benchmark values, while density of all
salmonids larger than 7 in was below average.
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Figure 3. Preliminary graphical and tabular cutputs from Michigan Stream Evaluator showing observed fish and
habitat sure measurements from a survey on the West Branch Sturgeon River in the Morthern Lake Huron
Management Unit (NLHMU), compared to benchmark mean and standard deviation (5 Dev) values computed
from twelhee stream segments in Michigan's Northem Lower Peninsula (NLP) having similar size, July mean
temperature (Temp), channel gradient, and Great Lakes accessibility (G Lks Access) attributes.
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Discussion

The TV and MSE tools provide an efficient means
to summanze and present data collected across a broad
region in an ecclogically meamngful way that benefits
local fishery managers, managers of river habitats,
anglers. and the public. The tools provide relatively
simple diagnostic information, though they represent
the culmimation of years of technical work, ncluding
landscape-scale classification efforts, long-term
population dynamics studies, statewide coordinated
sampling efforts, over 10 years of coordinated
sampling efforts, database management and quernes,
and integration of databases, GIS technology, and
website development. Felatively simple tools built
upon technical programs fit well with the diverse
set of decision support tool users including agency,
university, and tribal biclogists; tech-savvy trout
anglers; aquatic non-profits; citizen scientists; and
mterested publics. We anticipate these tools will
greatly aid the MDNE. in its efforts to openly share
science and techmical data, and to foster collaberation
with others, a goal recently identified in Michigan’s
statewide Inland Trout Management Plan (Zom et al.
Under review).

The TV supports wild trout management. research,
and angler cutreach by placing the latest survey
data directly in the users’ hands. The data delivery
mterface, modeled after the USGS s state-level
real-time daily streamflow webpages (e.g., https-//
waterdata usgs. gov/mimwis/rt), provides the latest
trout trend information for Michigan in a simple, user-
fnendly manner. The parameters avatlable (abimdance,
growth, and survival) are key dovers of populations
and important for evaluating effects of environmental
or management changes, particularly those associated
with flow, water quality, or sport fishing regulations.
Since population trends for a given stream reach often
are consistent upstream and downstream of survey
locations (Wills et al. 2008), and often in nearby
waters (Zom and MNuhfer 2007h), the TV can help
managers to better interpret an individual survey, since
1t will show whether populations in the region at that
time are trending high, low, or average.

Data are provided for many of Michigan’s most
popular trout streams. and therefore are of great
interest to fishery managers, tackle shops, anglers,
and guides. The regional perspective of the TV
provides all with a broader view of regional trends in
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trout populations, thus heightening the awareness of
climatic and other larger-scale processes that drive
trout population dynamics in the state (Zom and
Muhfer 2007h). Data on riverine Smallmouth Bass
populations also supports an improved understanding
of dynamics of this popular sport fish. Furthermore,
the ab].ht‘r to export or download data at individual
sites enables users to satisfy their cunesity through
more detailed exploration of trends in fish abundance,
growth, and survival

The easy-to-use MSE represents a breakthrough
for biologists managing streams because it provides
geographically-relevant, empirical benchmarks for
comparison with individual survey results. The strata
used in computing benchmarks (size, temperature,
gradient, region) represent key large-scale factors
that drive spatial variation in local stream habitat
conditions ang fish assemblages in Michigan and
elsewhere (Zom et al. 2004; Zom and Wiley 2004;
Steen et al. 2008). As a tool focusing on entire fish
assemblages as well as habitat, the MSE provides
a basis for examining relationships between stream
habitat charactenistics (summary strata and field-
measured vanables) and the dismbution and
abundance of many fish species, mchuding invasive

1es.

The MSE is especially useful as a means of
charactenizing expectations for a stream reach. and
flagging measured parameters that exceed expectations
(positively or negatively) and may deserve further
mequiry. It can be used to address management
gquestions related to fish populations (e.g., Are juvenile
Brock Trout densities wmsually low at the site?) or
fish habitat (Is the reach unnsually sandy or lacking
in large woody habitat?). By computing benchmarks
from survey data for similar river segments, the MSE
can provide useful characterizations of expected fish
communities and habitats for river segments where
surveys do not exist or recent surveys are unavailable.
This information can prove especially useful to
managers when they need to assess damage to habitats
or fish populations {e.g., fish kills) and pre-impact
survey data are limited or unavailable.

We expect the TV and MSE tools to remain
durable and robust over time. Both tools will be
updated anmually via queries and maintained on state
servers. Trout population datasets for some sites in the
TV are among the longest-mnning trout population
data sets in the commtry, and increased accessibiity to
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the data will cnly increase their utility. The hundreds
of surveys in the MSE may be somewhat limiting,
given the diversity of stream types in Michigan but
this information base will onlyy 7e over time, as
S5TP random site surveys m:mz and managers
make ncreased use of S5TP randem site sampling
protocols on discretionary surveys. Strata used in the
MEE should be useful over the long-term since they
represent foundational landscape factors that stacture
stream habitat and explain spatial vanation in habitat
and fish assemblage characteristics in streams across
the region (Seelbach et al. 2006; Zom and Wiley
2006). Data used in these projects can be refreshed
efficiently by a skilled biclogist and data analyst, and
efficiency of data refreshes should mcrease over tume
with increased use of standardized methods, mmproved
data entry forms, and database updates.
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