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ABSTRACT

EVALUATING THE SUCCESS OF ARKANSAS DARTER TRANSLOCATIONS!

COLORADO: AN OCCUPANCY SAMPLING APPROACH

Like many fishes native to western Great Plains streams, the Arkdarsas
Etheostoma cragirtias declined, apparently in response to changes in flow regimes and
habitat fragmentation. | investigated the effectiveness of trangloGd a management
strategy to conserve this threatened species in the Arkansas River ssithefstern
Colorado. | used a multiscale design to sample darters and several attilibtes
habitat at the local 10-m site scale, the 3.25-km translocation segmenascathe 10-
km riverscape scale, in all 19 streams where darters were previ@umsiptated. | used
multistate occupancy estimation, based on two consecutive dipnetting stoveys,
determine habitat characteristics correlated with site occupan@esaxtability of
Arkansas darters. Darters were present in 11 of 19 streams, although 5 waletedgm
dry when visited. Darters had reproduced in 10 of the 11 streams (one criterion in the
state recovery plan), and 6 streams also met a second criterion for abup&ace
individuals). However, populations in only two streams unequivocally met the third
criterion of being self-sustaining, because the other four streams haddzau s
annually with hatchery-reared darters. Detectability of dartesgest where water was

present was high for both age groups, 91% for age-0 darters and 76% for age-1



darters, and was a function of Julian date (age-0) and habitat depth (agedi)aResi
stream temperature (a site-scale variable) and the total lengthilafoder habitat (a
riverscape-scale variable) were the strongest predictors of sitpay for both age
groups. The models were useful in identifying fragmentation by a road cadvart

potential impediment to success in another stream where conservation tsdiages
proposed translocating darters. These models can be used to guide habitattcamserva
and land management practices that seek to conserve, protect, and restore current and

future critical habitat for Arkansas darters.
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Department of Fish, Wildlife, and Conservation Biology
Colorado State University
Fort Collins, CO 80523
Spring 2011
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I ntroduction

Many native fish populations of western Great Plains streams are deafining
response to rapid environmental change. The cumulative threats from degmnadde
fragmented habitats, primarily from dewatering caused by groundwatargnidams,
and surface diversions for irrigation, are imminent and pervasive throughoutitire reg
(Labbe and Fausch 2000; Scheurer e2@D3; Dodds et al. 2004). For example, of the 19
fish species which make up the native ichthyofauna in the Arkansas River basin of
southeast Colorado, more than 40% are either extirpats},(state endangered<3),
state threateneah€1), or a state species of special concanl], and several of these
are the focus of conservation and recovery efforts (Nesler et al. 1999; DOV
Hubert and Gordon 2007). Although this fish assemblage is well-adapted to thdyatural
harsh environment of the western Great Plains, ongoing changes to hydretpagies,
water temperatures, and channel configurations, aggravated by climage chee
exacerbating already degraded conditions and causing further endamggératice et al.
2010, in press).

The Arkansas darté&ttheostoma cragins a good example of a declining native

fish species in Colorado’s plains streams. This darter typically inradmtsslow-
moving, clear, spring-fed streams with abundant aquatic rooted vegetation and sandy
bottoms. Originally broadly distributed in Arkansas River tributaries in Colorado,
Kansas, Oklahoma, Missouri, and Arkansas (Moss 1981; Miller 1984; Taber et al. 1986;
Labbe and Fausch 2000; Krieger et al. 2001), the species has declined and nowoccurs i
fragmented populations throughout its range. Extensive fish surveys by the Colorado

Division of Wildlife (CDOW) from 1979 to 1982 and 1993 to 1996 showed apparent



reductions in abundance and range, leaving populations scattered in fragmentsbf habit
throughout the foothills transition zone and plains portions of the basin (Loeffler et al.
1982; Miller 1984; Nesler et al. 1999; Krieger et al. 2001). The ongoing decline

prompted the CDOW to list the Arkansas darter as a threatened species id@wlora

1975 (CDOW 2006), and in 1991 it was proposed as a candidate for protection under the
federal Endangered Species Act (USFWS 2009). Populations of Arkansas atarters
currently listed as vulnerable in Missouri (MDC 2010), threatened in Kansas (KDWP
2004; Haslouer et al. 2005), and a Species of Special Concern in Arkansasvgiangra
Johnson 2003) and Oklahoma (ODWC 2010).

One management strategy to conserve species at risk of extinction igeo mo
them to suitable unoccupied habitats within their native range with the goal of
establishing new populations. This practice is termed translocation, sodeiction
(Armstrong and Seddon 2007; Rahel et al. 2008; George et al. 2009), and is one of the
main management options for restoration of imperiled species (World Conservation
Union 1987; Tenhumberg et al. 2004). It is often used to reduce the risk of extinction by
establishing, re-establishing, or supplementing a population. However, swatesdsr
translocations of birds, mammals, and fish are generally less than 50%H{@titil.

1989; Harig and Fausch 2002; Sheller et al. 2006). The number of individuals released,
proximity of the site to the core of the species’ historical distribution, ancahajoidlity
are primary factors that influence translocation success, with thedasbften cited as
the leading cause of translocation failure.
Evaluating factors that contribute to the success or failure of traresdocat

populations is critical to improving future conservation and recovery effégsr@e et



al. 2009). In turn, evaluating translocation success requires unbiased technitjcas tha
be used to estimate species occurrence and relative abundance. A main seocerof
many evaluations is sampling that fails to detect the species of tntdres it is present
(i.e., imperfect detectabilityg < 1), which can bias estimates of habitat occupancy and
relative abundance, as well as the effects of predictor variables (Maiekat al. 2006).
This may be particularly important for small fishes that are rad#ffocult to detect, such
as Arkansas darters. Perfect detection .e:,1) is almost never attained (Gu and
Swihart 2004), but statistically rigorous methods have been developed to edignate t
probability of detecting a species at occupied sites based on multiple $ge visi
(MacKenzie et al. 2002, 2006). These occupancy models have been extended to include
multiple states (e.g., different categories of relative abundance)aandoorporate the
influence of habitat and other covariates on detection and site occupancy piiebabili
(Royle 2004; Royle and Link 2005; Nichols et al. 2007; MacKenzie et al. 200& &al
al. 2010). This class of models is particularly useful when species areudesdr
heterogeneously among habitats at multiple spatial scales, whichnsotowhen
sampling stream fishes (Fausch et al. 2002; Torgersen et al. 2006; 1ah&067).
Occupancy estimation is well suited to evaluate translocation success, bat hasn
used for this purpose for any fish species.

Fish conservation biologists have used translocation as a management strategy to
conserve Arkansas darters in plains streams of eastern Colorado since 1980. Wild
broodstocks were used as source populations for early translocations until 1999 (Krieger
et al. 2001). Since 2002, hatchery-reared darters propagated by the CDOW aivine Nat

Aquatic Species Restoration Facility in Alamosa, CO have been used for new



translocations, as well as supplemental stocking of one stream segreeatwild
darters were previously translocated. The current Arkansas darteery plan for
Colorado (Krieger et al. 2001) established the following criteria for regeueEcess to
ensure the viability, health, and genetic integrity of a translocated populatioine (1)
population is represented by at least 500 individuals; (2) the population has produced at
least two year-classes by natural reproduction; and (3) the populatiolhsastalning
and does not depend on recruitment from other areas for year-to-year survival.
The two goals of my research were to evaluate the success of thessairka
darter translocations in Colorado based on the three recovery criteria, aresovesat
factors contribute to success. | sampled all translocation streams usulgsgale
design to determine whether darters had persisted at the translocatiomitenathe
adjacent stream segment, and used new multistate occupancy estimatiotsnet
relate darter occurrence at sampling sites to habitat and biotic factorstlghaccount
for translocation success or failure. My approach allowed me to model sp#rattwo
processes that lead to translocation failure, namely lack of suitable wett haibit
absence of the species in habitat that was wet and apparently suitable. Kdreove
analyzed whether darter occupancy at wet sites was related mord-sckleahabitat or
biotic factors, or riverscape-scale habitat features, and use these tegufier which are

most important to promote persistence and hence translocation success.

Field methods
Study streams -Buring summer 2009, | sampled all 19 streams where Arkansas
darters were translocated (Figure 1), and used a multiscale samgligiy tlemeasure

fish occupancy and habitat features that could explain occupancy. | evaluatecctsss



of wild Arkansas darters translocated during 1980 to 1999 in flowing water Sy&temm
streams, canals, and ditchas;12), including those with associated ponds (Table 1). |
also evaluated translocations made during 2002 to 2008 of hatchery-reared darters int
stream sitesnE7), including one previously planted with wild darters (Table 2).
Sampling of these latter streams was completed before stocking occuugd2aAQ@p, so
age-0 darters captured were from natural reproduction. Translocations aggeam
multiple locations in two streams. | considered three locations in Big Saeéi (at
were less than 5 km apart to be a single translocation, and two locations in VRRia del
that were 12 km apart as separate translocations. Translocation straamwsré stocked
with hatchery-reared darters were surveyed a mean of 7.3 years @angj2; but see
below) after initial translocations, whereas streams that were stodkedild darters
were surveyed a mean of 14.8 years (range: 11 — 29) after initial traimsiec&his was
judged to be long enough for natural reproduction to occur and numbers to increase, or
for the population to decline or die out. One stream (Horse Creek) was sampled the
summer after translocation with hatchery-reared darters in October2: data were
included because the translocation was judged unsuccessful.

Translocation streams were typically small, shallow, low-gradierdrager
ditches with silt or sand substrate and abundant rooted aquatic vegetation, but lacking
distinct pool-riffle morphology (Table 3). The 19 streams were of threergktypes,
arrayed from east to west (Figure 1): natural intermittent channetssirgcted ditches
in the floodplain of the Arkansas River in southeastern Colorado that conveyed irrigation
seepage back to the river=8), typical intermittent plains streams=2), and streams in

the foothills transition zone between the Rocky Mountains and the Great Plains in south



central Coloradon=9). Study streams had simple fish assemblages common to plains
streams in eastern Colorado, but about half had been invaded by nonnative fishes. In
addition to Arkansas darters, five native fish species and two non-native speees we
captured. Of the five native species, central stonerGl@npostoma anomalumwere
abundant and found in 10 streams, fathead mirfPiovephales promelasorthern plains
killifish Fundulus kansgeand sand shiné@totropis stramineus/ere common and
captured in 3 to 8 streams each, and white sucatystomus commersonas rare and
captured in only 1 stream. Among nonnative fish, western mosqui®éstbusia affinis
were also abundant and found in 9 streams, and commogfyg@arnnus carpiovere
uncommon and found in 3 streams.

Study segments, reaches, and sampling sit&ampling was designed to account
for three post-translocation scenarios (1) fish did not persist, possibly tméanigck of
suitable habitat or from biotic interactions with nonnative species; (2)Ursived and
reproduced within or near the initial translocation site, and may have als@tditp
other reaches; or (3) fish did not persist locally, but emigrated from theatri
translocation site to other reaches where they survived and reproduced. | eantsider
last scenario plausible because many stream fish, including those in thenGst
Plains, are capable of moving long distances from release sites(aatl-ausch 2000;
Fausch et al. 2002; Scheurer et al. 2003). In addition, | expected that movement of small
fish like darters might be directional with greater downstream than upstneaements
from translocation sites.

To investigate these potential scenarios, | used a multiscalensystsampling

design, with more sample locations near the translocation site and fewer &avay. A



3.25-km stream segment (henceforth the translocation segment; Figured®fivad
around a central 250-m stream reach where fish were initially transpl@née
translocation reach). To assess whether darters had moved and establisitaibps
elsewhere, sampling to determine darter presence (occupancy sasgditglow) was
conducted in four 62.5-m study reaches laid out systematically in each s&fiyding
strata, including the 250-m translocation reach, in two 500-m reaches adjacent to the
translocation reach, and in two 1000-m reaches farthest from the translocatiorirreac
total, occupancy surveys were conducted in up to 20 study reaches within the
translocation segment. | did not sample reaches upstream of barriehsntmfisment
(e.g., impassible culverts, water diversion structures). In addition, wheregnoge
downstream, further sampling was not conducted in two streams (Deadman Ditch and
Montgomery Ditch) which entered large, swiftly-flowing irrigation danaecause |
assumed any darters that entered them would be swept away and unable te coloniz
reaches farther downstream in the translocation segment. Some sitesatdag
sampled because landowners denied acoeds6], or because thick emergent cattails
(Typhg prevented dipnetting or trapping=4). In total, 336 sites were visited and
sampled, including both wet and dry sites in the 19 streams.

Translocation reaches were located using information from Krieger(208all)
and CDOW biologists who performed the initial translocations. Study reachedaick
out by pacing along one bank, after calibration of strides against measuaadehst
being careful to follow the sinuous contours of the bank. This method is as accurate as
distances measured along stream channels (£1 m per 50 m; Fausch, unpublished data). |

initially planned to sample deep, vegetated pools, but most translocatioergegm



consisted of relatively homogeneous habitat. Instead, | assumed that tihattensved

from the translocation site would occupy the best available habitat of neaxdhes, and

so focused sampling in those places in each 62.5-m study reach. Maintaining it consta
study reach length prevented bias that could have been caused by selecting the bes
available habitat from longer reaches in more distal sampling stratan\&abin study
reach, | selected a sampling site (termed site hereafter) thappraxianately two to

four channel widths long and had either deep water, complex habitat structurd, @ bot
available. In narrower streams the sites were at the longer end ohtipestoamaintain a
similar area sampled.

Sampling to determine Arkansas darter occupancy and minimum abundance —
conducted occupancy surveys during mid-May through late August 2009 to assass dar
persistence and movement in translocation segments. Following a siagpe-se
occupancy sampling scheme (MacKenzie e2@06), each site was surveyed on two
consecutive days during which sites were assumed closed to changes in ocstgiancy
Previous research (Labbe and Fausch 2000) and pilot sampling indicated that dip netting
and minnow trapping were the most effective methods of capturing Arkansas,darte
whereas electrofishing proved ineffective due to high water conductivity (>1000uS
Table 3). In the first two translocation segments sampled, dip nettingondsicted for
the first survey, followed by minnow traps fished overnight for the secondevow
analysis showed that the detection probability with minnow traps was only ab80%20-
of that with dip nets for age-0 and age-1 and older darters, so all subsequemtsegme
were sampled with two dip netting surveys. In the first translocation segaepled,

Vista del Rio Ditch 2, darters were captured at no new sites with minnow trapsreo t



was no state uncertainty (see below). In the second, Deadman Ditch, thelargle
detected was captured in a minnow trap.

Dip netting surveys were conducted by a two-person crew, each Usimgr a
handled 3.2-mm mesh dip net with a 30-by-30-cm frame. Sites were sampled for 10
minutes each on both surveys, taking care to sample all available micrthafier the
first dipnetting survey at each site, all darters were counted, measutethfdéength
(nearest mm), and released near their capture site. Length-frequstocydims were
then plotted to distinguish age-0 darters (mean total length: 27 mm, range: 15 — 41 mm)
from age-1 and older fish (mean total length: 45 mm, range: 32 — 66 mm). Other fish
species captured during the first survey at each site were identified artddcddn the
second survey, only detection or non-detection of darters in each age class wad recorde
at each site.

In addition to occupancy sampling, | attempted to estimate minimum fish
abundance to determine whether translocated populations met the recoveon @fte
supporting at least 500 individuals (Krieger et al. 2001). If occupancy suaitadtb
capture darters in the translocation segment, or if captures watiealgl low (<50
individuals), minimum abundance was not estimated. In those instances, | adsaimed t
the translocation segment was unable to support more than a small population ®f darter
and assigned it an “unsuccessful” rating. If occupancy sampling revealed >500
individuals, this recovery criterion for abundance was met, and no further sampfng w
conducted. If | captured between 50 and 500 darters, further sampling was conducted
within the translocation segment to establish whether >500 individuals weeatpres

Sampling to assess abundance was conducted using dip nets or minnow traps in a ~150-m



reach determined from occupancy surveys to have the highest fish abundance, and
continued until 500 fish were captured or this goal appeared infeasible because fish
abundance was low (one stream, Big Sandy Creek). In two cases, this samagling w
conducted on an additional date after occupancy surveys were completed, so reaches
were selected >100 m away from those where occupancy was estimatadiaeni
chances of recapturing the same fish.

Habitat measurements Recent studies of stream fishes demonstrate that factors
operating at both local and landscape scales interact to influence fish—habitat
relationships and fish occurrence (Torgersen et al. 2006; Isaak et al. 200&joih)e
habitat variables hypothesized to contribute to darter occurrence andepessiste.,
translocation success) were measured at both the local site scalelenidager
riverscape scale using low-altitude flights (Fausch et al. 2002; Et#de in press).

Local-scale in-stream habitat was measured immediatelyfsttiesampling was
completed using protocols developed in the Great Plains ecoregion (Labbe ard Fausc
2000; Scheurer et al. 2003; Falke et al. 2010) and for a similar study on trout
translocation success (Harig and Fausch 2002). Each site was gecssfangh a
Garmin Rino 530 Global Positioning System (GPS; Garmin International IratheQl
Kansas, USA), and detailed measurements of site dimensions were mébe by:
measuring length along the longest axis, (2) dividing the length evenly into three
perpendicular transects, (3) measuring wetted width at the midpoint ofr@aséct, and
(4) measuring depth at three positions located at one-sixth, one-half, and tingeedix
each width transect. Visual estimates were made of the proportion of teacbvared by

five categories of aquatic vegetation or other habitat structure (rootedcacpgstation,
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emergent aquatic vegetation, algae, tumbleweed, and woody debris). Streambatesubst
was also visually estimated, but not reported because it was nearly abwayssed of
fine materials such as mud, clay, or silt.

At each site, conductivity and water temperature were measured using a YS
Model 85 multi-meter (Yellow Spring Instruments, Inc., Yellow Springs, Ohio)
Conductivity (uS; adjusted for elevation and temperature) was measuredice pth,
and temperature (nearest 0.1°C) was measured at the surface and atrtheattoea
just above the substrate. Bottom temperatures were used in further analggiselibese
measure groundwater inputs and are often the coolest temperatures ai@iighks in
plains streams, which can exceed 34°C at the surface during summer (Labbe ahd Faus
2000; Scheurer et al. 2003). Because stream temperatures were higtulle \(Sia=
3.31, range: 13 — 30°C) and varied both daily and seasonally, | normalized temperature
by calculating residual values from two nonlinear regressions of bottom tomee{°C)
as a function of time of day, and day of year (i.e., Julian date). A set of foar éiné
guadratic candidate models were fit to the data for all sites in ahstréor the diurnal
period of heating (0730 to 1730 h) and afterwards as streams began cooling (1730 to
2030 h), and the best model (below) for each case was selected using Akaike’s
Information Criterion (AIC; Burnham and Anderson 2002):

before 1730 h:

Tpredicted, = -88.93 + 1.32(JD) - 0.0036(JD}) 45.35(t) + 47.59(F)

after 1730 h:

Tpredicted, = -574. 00 + 3.54(JD) - 0.010(JD) 76.05(t) - 514.40()

11



where Tredicted, IS the predicted temperature (°C) at samplei sitB is Julian date, and t
is time (24 h). Then, given the actual measteetperature at Site(Tmeasured,; °C), the
residual temperature (°C) is calculated as:

TEMP,; = Teasured — Tpredicted

This measure indicates whether a site was relatively warm (possidual) or relatively
cool (negative residual) compared to the mean across all streaansdgisting for time
of day and day of year. | caution, however, that the models presented here yialdnot
accurate predictions in other geographic regions, and may vary somewhatysamg
even in this region.

Two riverscape-scale characteristics, which set the overall ghysibitat
template for darters in each translocation stream, were measures I3«im segment
centered on the translocation reach using low-altitude flights. Percensw/etribe
proportion of the 10-km segment with a wetted channel measured during the period of
lowest water (18 September 2009). Available habitat is the total length (km) @fthabit
accessible to the translocated darters during this period. This includedtet steeam
channel downstream from barriers to upstream movement (e.g., road culverts and
diversion structures), but excluded dry reaches. During field sampling of th&r3.25
translocation segments, | found that all roads encountered had impassibles euler
vertical drops >20 cm, so | designated all roads as barriers to upstmaament.
Moreover, Ficke et al. (2006) found that Arkansas darters were unable to asaead eve
10-cm step and were rarely able to hold position at 16 cm/s so it is apparent that they

would be unable to ascend any culverts during high flows when these steps might be

12



passable. In addition, the two stream segments described above that were downstre
from large canals were excluded. Aerial surveys of each streanceretacted from a
fixed-wing aircraft at low-altitude, 200 to 300 m above the stream channel. A GPS wa
used to map locations of culverts and other barriers to movement, and transitions among
flowing (all pools connected), intermittent (disconnected pools), and dry streeinesea
Surveys of three streams were done on the ground due to flight restrictiof®dve

Carson.

Statistical modeling of Arkansas darter occupancy

Occupancy estimation and modelingl+odeled site occupancy of darters using
a single-season multistate occupancy model incorporating covariesssirad at three
spatial scales (Nichols et al. 2007; MacKenzie et al. 2009). | fit sepaoalesrior
detections of age-0 and age-1 fish, and also modeled the influence of habitat depth and
season (Julian date) on probability of detection for both groups. Since my intesest wa
both the availability of habitat and the important features of suitable habitat tha
influenced darter occupancy, observations at each site were classifiedGsimee
states: dry and thus unoccupied by darters (0), wet but no darters detected (1anat wet
darters detected (2). Data sets were created for each age group anced¢oeesimate

the probability that sitecontained potential (wet) habitaptl?o; the probability that

darters occurred at sitegiven that it was Wetq@); and the probability of detecting

darters at siteduring survey (pﬁt) given the site was wet and occupied (i.e., in true state
2, referred to as§; , in Nichols et al. 2007). The unconditional probability thatisit@s

wet and occupied by darters was? =y x yZ (Nichols et al. 2007).

13



An underlying assumption of my occupancy modeling is that sites werel ¢tose
changes in occupancy (e.g., darters were either present or absent on both dayt)eluri
two-day survey period (MacKenzie et al. 2006). In other words, during the timedretw
sampling events, | assumed that the population of darters at an occupied site did not go
locally extinct via death or movement, and that unoccupied sites were not colonized by
other darters. For each site, a detection histgyydr each age class of Arkansas darters
was compiled; for example, if age-0 fish were not captured in the fikstysof a wet site
but were captured in the second survey, the corresponding detection historyifor site
would beh; = 12. In this case, there is no uncertainty about the true state of the site (wet
and occupied, true state = 2). However, if darters were not observed on eithgr(iseirve
h; = 11), then two occupancy states are possible: the site could be occupied (ti2)e state
or not (true state 1), given that it is wet.

Model covariates for conditional darter occupancyl selected eight covariates
that previous research suggested might influence darter occupancy astpessit
sites in translocation segments. Local site-scale covariates inclugildaiatdemperature
(TEMP,) and the percent area with vegetative or woody structure that midtetr she
darters (i.e., not bare substrate; VEG), because previous research ahttiabaferkansas
darters prefer cool, spring-fed streams with abundant aquatic vegetationl(®8dss
Taber et al. 1986; Loeffler and Krieger 1994; Labbe and Fausch 2000). | also c@hsidere
a “biotic resistance” hypothesis, which addressed the possibility that dectgpancy at
the site level may be reduced by biotic interactions with nonnative speased the
number of western mosquitofibambusiaaffinis captured at each site as a metric of

biotic resistance because they were common at translocation streams, lamohar to
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be voracious nonnative predators or competitors responsible for the decline or
disappearance of other small fishes in similar habitats (see Pyke 2@0&foew).

Two segment-scale covariates and their interaction were used to atidress
possibility of movement into nearby habitats after fish were translodéfesh moved,
occupancy might depend on the distance from the translocation site @uisilute
value of the upstream or downstream distance from the initial translocaéda gie
midpoint of the 62.5-m study reach), direction (DIR; a categorical variagtiegliishing
sites downstream versus upstream of the translocation site), and #raiction (INT). |
considered three possibilities, that: 1) distance could influence dartereswmrbut with
no difference between upstream and downstream sites (i.e., same slope eept)ntdr
there was an additive difference in the effect of distance between upsindam
downstream sites (same slope but different intercepts), and 3) there wasaation,
indicating that the effect of distance differed between upstream and downsttes.

At the riverscape-scale, | hypothesized that darter persistenttbeace
occupancy, might be influenced by the relative wetness of the 10-km segmentadent
on the translocation segment (% wetness, WET), and the amount of stream habitat
available for darters to colonize (HAB). Finally, | also suspectedoiraistence and
occupancy could be influenced by whether wild or hatchery darters were estdltiish
translocated populations (HAT). This covariate was a surrogate for atdifeerences.
Translocations with hatchery-propagated darters were conducted wétprethious
seven years (2002-2008) and involved repeated stockings totaling thousands of
individuals, whereas translocations with wild darters were conducted more theede de

before my sampling using single releases of relatively few fiabl€l2). Overall, the
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translocation streams sampled encompassed a broad range of conditions for each
covariate (Table 3).

Candidate models and model selection developed priori candidate models
that contained sets of covariates that are biologically relevaasfionating the
probability, or proportion, of wet sitesri() and explaining occupancy of Arkansas darters
at wet sitesxﬁf). | reasoned that variation in the probability of apparently suitablg (we
habitat among sites could be adequately modeled as a function of a single eoieriat
percent wetness of the 10-km reach surrounding the translocation reach (WHET). Ne
focusing on factors that may influence dater occupancy at wet sites)dpkvd 5
models using only the four types of covariates described above, as well amadwlll
with no covariates (intercept only), a global model with all eight cowesiand a set of
models with a mixture of covariate types (Tables 4 and 5). For example, thres model
were developed with riverscape-scale covariates only, including pihegnt wetness,
available habitat (HAB), or both (models M9-M11, Tables 4 and 5). Three mixture
models were used to test, for example, whether darter occupancy was bésediescr
percent wetness, available habitat, and whether wild or hatchery dartersamstocated
(M15). Preliminary analysis showed that when conditional darter occupancy was
modeled as a function of counts of western mosquitofish the relationship was positive,
suggesting that both species occur in similar habitats. This was opposit@otlydsys,
so | excluded this covariate from further consideration.

In addition to the occupancy covariates, | hypothesized that detection prolsbilitie
could be influenced by two covariates that also vary among sites. Age-G aaigét be

more difficult to detect earlier in the season when they are smaller, autiadbdity of
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both age groups of darters might be lower at deeper sites. Rather thignofisdile
combinations of conditional occupancy and detection probability structures, |1 used my
most general occupancy structure (M1, the global model) to fit four models ¥tredt
detection probability structures for each age group. Specifically, oetgubbability
was modeled as a function of Julian date (DATE) or site-specific depfRTBE as an
additive function of both date and depth (DATE+DEPTH), or as constant amongsall site
(.)- This initial analysis revealed that Julian date (DATE) was an imgorsaiable
determining detectability for age-0 darters, whereas depth (DEPT$Hjmpertant for
age-1 fish. These covariate structures were used in all subsequent modets4 Eatale
5).
| used an information-theoretic approach (Burnham and Anderson 2002) to
evaluate all models. Model selection and multimodel inference were used to fmdgshe
parsimonious set of independent variables to estimate conditional occupancy state and
detectability for both age groups. | used Akaike’s information criteripuséed for small
sample size (Alg and Akaike weightsw;) to compare candidate models
simultaneously. Based on the results ofanyriori models presented above, | considered
an additional set of five exploratory models evaluated post-hoc (M16-M20) to aefine
subset of covariate comparisons. | used model averaging to account for mectersel
uncertainty when reporting real parameter estimates and to provide model-based
predictions (see next section). All analyses were conducted using theataultist
occupancy parameterization in Program MARK (White and Burnham 1999).
Occupancy predictions Fo demonstrate the usefulness of my results for guiding

management decisions, | collected habitat covariate information on a segamnt
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where biologists from CDOW and The Nature Conservancy have proposed tranglocatin
Arkansas darters. In mid-July 2010 | measured the length of total availéigtet hend

the depth and bottom water temperature at 20 evenly-spaced sites alongltiesdrsaof
Steels Fork of Horse Creek. | used these data to predict site occupan@hfagearoup

of darters, after converting water temperatures to residuals using my aonédgesssion
equations.

Goodness of fit and spatial autocorrelationAr underlying assumption of
occupancy models is that species occurrence and detection are indepermhgnsites,
so that the presence or detection of darters at a given site is not influgmreddnce or
detection at an adjacent site. My design involved sampling spatially distescoser
two days during summer low flows, so it is unlikely that the same darters would have
been detected at multiple sites. Moreover, there is no goodness-of-fit (GOf6) t@most
occupancy models, including the multistate model. The parametric bootstrap $$OF te
developed by MacKenzie and Bailey (2004) for the basic, single-season occupancy
model (i.e., the simple two-state model) represents the only method commonly used in
occupancy analyses, and in limited simulations, this method had moderatelters
power to detect lack of independence and estimate a corresponding overdispersal
parameter¢.

To address the potential for lack of independence among sites (i.e., possible
spatial autocorrelation), | tested model fit using the parameteric agotagthod
implemented in program PRESENCE (MacKenzie and Bailey 2004). Since thefstat
dry sites was observed without error, | reasoned that poor fit would most kieily r

from models of conditional darter occupancy. Accordingly, dry sites werenalietl
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from the GOF evaluation and a simple, single-season model was used with the
appropriate global structure for each age group. Using these same slatalset
evaluated spatial autocorrelation using a first-order Markov model recaviyoped by
Hines et al. (2010). This model allows the probability that a site is occupiedeto dif
based on whether the previous upstream site was occ@pjgdr(not ¢). The new
model explicitly accounts for spatial autocorrelation and allowed me toagstboth
site-level §” andf) and stream-level occupanay) (of darters and verify the estimated
relationships to the chosen habitat characteristics. Using the most inflhaibitat
covariates from the multistate analyses, | constructed three modbtstiicage groups
which assumed independent (random) occupancy probabititie®} and three more
models that modeled site-specific occupancy as an additive first-ordeowaocess

(i.e., site occupancy exhibits spatial dependence and is non-random).

Results

Success of Arkansas Darter Translocationi-5- of the 19 streams the entire
3.25-km translocation segment was completely dry, so fish sampling and habitat
measurements were not conducted at any sites, but flights of the 10-km segraent we
made to measure the two riverscape-scale variables. Of the 14 vietdedss darters
were not detected at any of the wet sites in 3 streams. Occupancyssestablished
darter presence in the remaining 11 translocation segments (Tables 1 anddhgric
of 12 streams where only wild darters were translocated and all but 1 of thandsstre
where hatchery-reared darters were translocated. In some stre&arssas darter

populations were established from introductions of relatively few wild figh, (&4
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individuals in 1980 for Lytle Pond; Table 1), whereas another failed to support high
numbers of darters despite repeated stockings of hatchery-propagated indiviguads (e
total of 1,094 individuals were stocked in Deadman Ditch from 2005 to 2008; Table 2).

Of the 11 translocation streams where darters were present, only tvatl met
criteria for translocation success set out in the CDOW recovery plan (Tlabhes2). In
six streams with darters, initial occupancy sampling or additional samphegled >500
individuals and so met the first criterion for translocation success. Daréze captured
in low numbers in four translocation segments (<50 total), including in Deadit@dm D
where only one darter was captured. Abundance was not estimated for thess ahea
translocations were considered “unsuccessful”’ to date. For one stream 1iBig Sa
Creek), both occupancy and additional sampling (20 minnow trap nights) for abundance
was conducted in deep or heavily vegetated habitat that likely hindered capture
efficiency. Sampling yielded only 229 darters, although further effghtwiield the
additional fish required to meet the minimum abundance criterion.

Most streams with darters met the second recovery criterion of natural
reproduction supporting multiple age classes, because both age-0 and age-1 and older
darters were captured in 10 of the 11 streams. Two streams into which only wels dar
were translocated, Brackett Creek and Lytle Pond, also met the thiréngcorerion of
a self-sustaining population not depending on outside demographic support. In contrast,
four streams met the other two criteria but continued to receive annual stotking
hatchery-reared darters, so it was unclear whether the populatienseifesustaining.
Likewise, for the five streams with low abundance (<500 captured), it is unknown

whether the populations were self-sustaining, or will eventually die out.
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Models of Arkansas Darter OccupancyMedel selection revealed that total
habitat available for translocated darters and relative bottom waterrtgmpedi.e., the
residuals from the regressions that account for season and time of day) had thststronge
influence on Arkansas darter occupancy at wet sites within translocagamstrFor
age-0 darters, the model including these two covariates was demonstrablthbette
other models and carried the most weight (Table 4; MiE10%). The second and third
ranked models also included these two covariates but incorporated an additional
covariate, either percent wetness (Md&19%) or translocation type (M1%;=15%).
Inspection of the measure of fit [-2lag[ for these two models shows that they are
similar to the simpler model with only two primary covariates (MI@}idating that the
additional variables contributed little explanatory power (i.e., an examplekaig
covariates, Burnham and Anderson 2002, p.131). The model with total available habitat
alone ranked fourth (M1@y;=13%). Together, these model results provide clear evidence
of the importance of temperature and available habitat for occupancy Ofdayters.

Water temperature and, to a lesser degree, available habitat were alganmpor
for explaining occupancy of age-1 darters. The four top models differed thdes2.0
AIC units (Table 5), indicating model selection uncertainty and suggestingetheral
models may be reasonable for the collected data. Similar to age-0 reswtielethat
related conditional occupancy to bottom water temperature and available (Eddilat
4; M16,w;=15%), ranked high, but a simpler model with only water temperature was the
top ranked model (M3y;=24%), indicating the importance of local temperature. Adding
additional covariates to these two primary model structures failed to impae fit,

based on the log likelihood [e.g., vegetative structure %), or percent wetness
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(M14,w;=9%)], again indicating that these additional variables provided little
explanatory power.

Model-averaged estimates of beta coefficients and unconditional stanaeasd err
from both age groups suggested a negative relationship between conditional ogcupanc
and the residual of bottom water temperature (age=:0.09,SE = 0.04; age-18 = -
0.07,SE = 0.03), indicating that occupancy was higher for cooler sites with lovedives
temperature. In addition, model parameters for available habitat were@asill
models, indicating that occupancy was greater at sites in streamsaovéhabitat
available to translocated darters (ag¢-: 0.31,SE = 0.06; age-18 = 0.02,SE = 0.03),
although the relationship was not precise for age-1 darters. In contrastcelista
direction, vegetation, and translocation type (wild vs. hatchery) were unatigem
parameters and were interpreted as having little, if any, ecoloffieat #at could
explain occupancy of translocated Arkansas darters at sites with wigit hiabr
example, darters readily colonized stream segments both upstream and cGowfrsine
the translocation sites. Of the 11 streams where darters were presers,cédotazed
the farthest upstream or downstream site sampled in six and seven casesyebspec
(Tables 1 and 2). In 11 of the 22 cases, they coloniZe8%#5 m from the translocation
site.

Model-averaged parameter estimates for the probability that a Siteeta
(y1) depended on the percent wetness of the surrounding 10-km reach, and was 0.79
(SE = 0.04) at the mean percent wetness value of 0.57 (including all 336 wet and dry

sites). The probability that a site was occupied given that it waé\xﬁlyat/vas 0.46%E =

0.04) for both age groups (using mean covariate values). Therefore, the unconditional
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probability of site occupancﬁ:p\1 x y2) was 0.36 §E = 0.04) for both groups,
suggesting that darters occupied approximately one third of all siteshasitt sampled
in translocation segments (including dry sites). Overall, detecta@tywas high for
both age groups, 0.93E = 0.03) for age-0 fish and 0.78K = 0.05) for age-1 fish,
reported at mean Julian date and depth, respectively.

Using my model-averaged parameter estimates for the effect of bottem wa
temperature and available habitat, | predicted the conditional probabilitg of sit
occupancy for each age group under three different temperature reginagsrage site
(residual temperature of 0°C), a site with among the warmest temperatsielual
temperature of +4°C), and a site with among the coolest (-4°C; Figure 3).€-0r ag
darters, conditional occupancy reaches 50% at about 4.1 km of available habitatiefor a si
of average temperature, but is expected to increase to 58% at sites that hasldet°C ¢
bottom temperature. For age-1 darters, the effect of available habvieiker, but still
evident, with predicted occupancy reaching 50% at about 9 km of available habitat, and
increasing to 57% in sites that have 4°C colder bottom temperature. Likewisedaks m
indicate that sites with less available habitat, or warmer temperatedsss likely to be
occupied.

Occupancy Predictions -Habitat characteristics were measured at 20 sites in
Steels Fork of Horse Creek to assess whether darters would likelyt pags@ccupy
sites if translocated. My sampling found an impassible culvert which sep#hnatstream
into a downstream segment 1.7 km long and an upstream segment 2.1 km long.
Therefore, | assumed that darters translocated in the upstream seguiémlonize

downstream and access 3.8 km of habitat, but that darters translocated dowwsin&hm
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have only 1.7 km of available habitat, unless the culvert was removed. Using the habita
information collected at each site, | predicted site occupancy of both age-age-1
darters under two scenarios: 1) translocation occurred either upstream orr€eamrdt
the culvert, or 2) the culvert was removed before translocation occurred, cogrieti
two segments. My model predicts an increase in mean conditional probability of
occupancy for age-0 darters downstream from the culvert from ~40% to whb6pwthe
culvert is removed, reflecting the importance of available habitat @#juior age-1
darters, the mean site occupancy in the downstream segment increasedsligHiBo
to 56%, on average, when the culvert is removed, showing the lesser sensitivity to
available habitat for this age group. Additional variation in site occupancyae$tdm
variation in groundwater inputs along the segment which changed site-spetifiate
temperatures (range: -4.57 to -1.04°C).

Spatial Autocorrelation of Sample Sitesl+eund no evidence of lack-of-fit of
the global model using the Mackenzie and Bailey (2004) parametric bootstrape&OF
for age-0 dartersf = 0.38,P = 0.94,¢ = 0.13) or age-1 darterg(= 0.42,P = 0.91,¢ =
0.15), suggesting no substantial departures from model assumptions. These results would
not raise questions about the assumption of independence among sites. In contrast, the
new Markovian spatial-dependence models strongly suggested that wetesganore
likely to contain darters if the preceding upstream site was occupied @)ablar each
of the three pairs of models (with and without spatial dependence) for both age groups,
the model which includes spatial dependence always ranked higher (i.e., l&yer A
Models that assumed spatial independence (i.e., models where site-gqmetifancy

was independent of the state of the previous upstream site) were not supported and do not
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contribute to the model weight. Still, the direction and magnitude of the relationships
between site occupancy and the habitat covariates were consistent withvitnespre
multistate occupancy analysis for both age groups. These results indit gia émaeter
estimates remain relatively unbiased even if the assumption of independengesés®n
is violated, although precision may be somewhat overstated (McCullagh and Nelde

1989, MacKenzie and Bailey 2004).

Discussion

Translocation success My data indicate that Arkansas darters were present, and
met two of the recovery criteria, minimum abundance (>500 individuals) and
reproduction (at least two age classes), in 6 of 19 (32%) of the streams whererthey w
translocated. This is similar to success rates for translocation prograshang other
fish species (e.qg., cutthroat trout; Harig and Fausch 2002) and across othéta@ma
(Griffith et al. 1989; Wolf et al. 1998; Fischer and Lindenmayer 2000). However, ef thes
six streams, only two, those that were established from early stockings éh (Lytle
Pond and Brackett Creek), also met the third recovery criterion of producing self-
sustaining populations. The other four had been stocked annually with hatchery-
propagated darters the previous 4 to 7 years, which prevented deterntiethgmthese
populations were self-sustained. Nevertheless, there was evidencéasalstreams
that darters were spawning, because age-0 darters were detecte@deitoyeal
stocking occurred in 2009. | suggest that fishery managers cease stockirng some
of these sites to determine whether hatchery propagation is an importabtesdrat

explains translocation success and whether translocated populations witlfpesetis
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least two generations (which will require about 4 years to determine), or elxediaal
out.

Darters were present at low densities in five other streams, le&eigttre of
these populations in doubt. In three streams stocked with wild fish, fewer than 50
individuals were captured after 12 to 19 years, so | classified them asessutc
although they were self-sustaining. Based on my habitat measurements sunghpibreed
models, failure to meet recovery criteria at Cottonwood Springs, Mary BiemgS, and
Vista del Rio may be related to a combination of inadequate available fzatgitatarm
temperatures. Although the darter population in Big Sandy Creek apparerdipedm
relatively small even after stocking efforts in 2005 and 2007, a large wild stdfrsng
darter population was present in the headwaters much farther upstream (hébbe a
Fausch 2000). A single darter was captured in 1 of the 16 sites sampledralthe fi
stream, Deadman Ditch, but this did not indicate successful reproductiomssuhied
that this translocation had been unsuccessful to date.

For the three streams where no darters were detected at anyaftpled wet
sites (Montgomery Ditch, Williams Creek, Horse Creek; Tables 1 andiged site-
specific detection probabilities to determine how likely it was thaileéd to detect
darters of each age group at a given number of occupied sites within each Boeany
occupied site, the probability of missing darters odesampling occasions d — pi)k,
wherep; is the detection probability as before. Based on the observed distribution of
darters in other translocation streams, | assumed that in any successioication
darters would have colonized at least 4 wet sites, such as the adjacent sites in the 250-

m translocation reach. Given this, the probability of failing to detect darnemy of
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these four occupied sites on the 2 sampling occasions can be calculatef{as(1 —
p;)%. For example, in four adjacent wet sites within the translocation segmeatss H
Creek, detection probabilities for age-1 darters (based on depth) were e@inaio7,

0.99, 0.84, and 0.95. Therefore, the probability that dasterspresent at all four sites,
but were not detected, is miniscule, and is calculat§fftagl — p;)? = (1 —0.97)* x

(1 —0.99)* x (1 — 0.84)* x (1 — 0.95)> = 9.14 X 10"2. Among the three streams,
values for both age classes ranged from this low value to 5.93 XTh0s, my sampling
protocol ensured that it was highly unlikely that | failed to detect dartesferse in
translocation streams with apparently suitable wet habitat.

My data indicate that Arkansas darters were able to disperse and colotasbkes
habitat over long distances, both upstream and downstream of the original &iamsloc
site. | initially hypothesized that distance from the translocation sitédabe an
important variable explaining conditional site occupancy, and that darters wouldde mor
likely to move downstream than upstream. My analysis did not support this hypothesis,
but suggested that if continuous wet habitat is available, darters can cotmgztream
segments upstream and downstream and reproduce there. My findings corroborate
previous work that showed stream fishes, including small bodied plains fish such as the
Arkansas darter, are capable of moving long distances along the mpee(&@wvan et al.
1994; Labbe and Fausch 2000; Scheurer et al. 2003; Falke et al. 2010).

My results also suggest that translocated Arkansas darters artysplatstered
among sites within streams. Given the movement described above, and the spatial
heterogeneity of suitable habitat along stream networks (Isaak et alF20KF et al., in

press), it is not surprising that fishes like darters are also patchilypdistti To my
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knowledge, this work represents one of the first attempts to address the issurlof spat
autocorrelation in stream fish populations. The Markovian spatial dependence model
represents a different way of viewing a network of occupied sites, focusihg spdtial
hierarchy of multiple sample sites within a stream. Techniques for ing@sgghe
degree of spatial autocorrelation are a valuable addition to the suite of myadels
now available for occupancy estimation.

Influence of habitat on occupancy and translocation succe@xedpancy
analysis showed that darters were more prevalent at sites where botjoendieires
were cooler than average, and at sites in less fragmented streéarmger segments
available for colonization. Although residual water temperature was medagites local
scale, it also may indicate groundwater inputs that promote persistence antkatseg
scale. For example, Labbe and Fausch (2000) found that overwinter surwixia of
Arkansas darters was high in a long spring-fed pool of upper Big Sandywneek
groundwater inputs moderated winter temperatures, whereas survivatrydsw in
adjacent reaches with little groundwater where pools froze to the bottoruideke
groundwater inputs would prevent summer drying during dry years, and therebgeenhan
translocation success. Studies of natural or translocated salmonid populaletes! is
headwater fragments above movement barriers also show that persstmeeder in
longer stream segments (Harig and Fausch 2002; Morita and Yamamoto 2002; Young et
al. 2005), corroborating my finding that darters are more likely to persist andadccur
sites in streams with longer segments of habitat available for colonizat

This multiscale analysis of Arkansas darter occupancy and streant shbitsed

that both local-scale and riverscape-scale variables played an impof&ain
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determining occupancy and translocation success. These results aretsiotier recent
studies showing the importance of spatial ecology for predicting stishmpdpulations
(e.g., Scheurer et al. 2003; Torgersen et al. 2006; Falke and Fausch 2010; see Fausch
2010 for a review). My findings also support the theory that stream fishes respond to
habitat features at multiple spatial scales, that habitat features eatirgcross scales,
and that many site-scale variables may be of lesser importance imaxpkream fish
distributions (Fausch et al. 2002; Isaak et al. 2007; Falke and Fausch 2010).

| developed my models by sampling all available translocation streams,sut thi
was nevertheless a modest samptel© streams, 5 of which were dry) so interpretations
based on them should be made with caution. The relationships with availableralitat
also be biased by stocking of hatchery darters, which may have supporteatipopunh
shorter translocation segments that might otherwise have been extilpstedhe
predicted relationship of occupancy with available habitat would likely be steepe
age-1 darters, and perhaps also for age-0 darters (Figure 3), and thi® veoialol be
more important than reported here. Finally, although | detected no negattienstigp
between nonnative western mosquitofish and Arkansas darter, these or other nonnative
species could have important detrimental effects. For example, LabbawswhK2000)
reported that wild Arkansas darters were vulnerable to predation by n@annatthern
pike Esox luciuswhich greatly reduced their distribution and abundance in a 13-km
segment of the headwaters of Big Sandy Creek.

Use of models for conservation Fhis research identified habitat attributes that
were correlated with occupancy and persistence of translocated Arkiantas

populations in Colorado’s plains streams. In addition to identifying two important thabita
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features, cool water and sufficient length of stream habitat, fish cotiearb@logists

can use these models for three main goals: 1) to seek new sites wheredatiansloc

would most likely be successful, and predict success at sites where tranistoaee

planned, 2) to analyze reasons why a translocation was unsuccessful and failed to mee
recovery criteria, and 3) to identify factors that may place curremglteated

populations at risk.

As an example of the first goal of predicting translocation success, uradas
stream habitat at Steels Fork of Horse Creek where translocatiegsdaas been
proposed. | used the habitat data collected across sites to predictsparay, and
identified a road culvert as an impediment to persistence and translocaitess
especially for age-0 darters. Likewise, biologists could evaluatessistieam habitat
information in other segments where translocations of darters are beindecedso
determine where success is most likely.

Second, my predictive models and multiscale surveys of habitat enablgar&ana
to analyze potential reasons that translocations were not successfulafptesxt
appears that failure to meet recovery criteria at some streagndfeadman Ditch, Mary
Ellen Spring, Montgomery Ditch, and Williams Creek) may be related to anguatte
amount of available habitat (range: 1.7-2.9 km), whereas at others higher th@e avera
temperatures may play a role (Big Sandy Creek and Vista Del Risidyattemperature
2.1-2.9°C higher than average).

Third, my results suggest that current translocated populations may be fat risk i
translocation segments do not provide cool temperatures at the locdb$teaderia

groundwater inputs), and sufficient habitat at the riverscape-scale. Hanthudes that
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either increase stream temperatures (e.g., by removal of in-stretn@aonsde

vegetation) or reduce the total length of available habitat (e.g., by comgjmetv

bridges, culverts, or water diversion structures that fragment strearatbpbitly

jeopardize translocated populations of darters. My models provide support for managers
who seek to implement habitat conservation and land management practices tbit prote
and restore relatively long unfragmented segments of cooler streams.

Translocation is one tool that fish conservation biologists use to slow or reverse
declines in populations of native plains fish species. Translocations to establish ne
populations in suitable habitats will likely remain a useful short-teratesty for
increasing the number of populations of at-risk species and thereby spread the risk of
extinction among them (den Boer 1968). However, it is clear that effective cormervat
efforts will require a landscape approach in aquatic as well as teregiems (Reeves
et al. 1995; Gido et al. 2010; Hoagstrom et al., in press). The models developed here can
be used to develop habitat conservation and land management practices that seek to

conserve, protect, and restore current and future critical habitat for Arldarsas.
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Table 1. Characteristics of translocations of wild Arkansas darters duglB®9 in 12 streams in the Arkansas River basin. Data from the 2009
sampling of these translocation segments include the number of wet sitesdsahghumber of sites at which darters were detected, the total
number of darters captured, which of three criteria in the Colorado Division of Wilelibeery plan were met (X; see Introduction), and maximum
distances upstream (US) and downstream (DS) from translocationt sitleisla darters were captured (NC = not captured in a given direction).

Translocation stream

Translocation

No.

No. sites
darters

No.

darters

Recovery criteria met (X)

Max. distance captured (m)

Date No. fish wetsiies detected captured dZSr?eors classes su?tzlifr;ing oS oo
Brackett Creek 07/01/98 40 14 13 833 X 1,625 1,625
Carrizo Springs 05/27/97 50 Dry - - - -
05/11/99 20
Cottonwood Springs 1990 75-100 6 45 unknown NC 500
1991
Little Spring 10/01/95 112 Dry - - - - -
Lytle Pond Inlet 07/03/80 34 3 3 516 X °0 250
Mary Ellen Springs 1995 95 15 14 unknown 1,375 NC
1995 146
Montgomery's Ditch 06/18/97 50 16 0 0 - - -
Pueblo Reservoir 05/22/97 45 Dry - - - -
Tributary 1 05/27/97 25
07/13/98 27
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Pueblo Reservoir 05/19/97 50 Dry - - - - - - -

Tributary 2 05/29/97 42

07/07/98 25

07/08/98 21
Turkey Spring 1990 unknown Dry - - - - - - -
Vista del Rio Ditch1 ~ 07/09/97 50 20 15 42 - X unknown 1,625 1,625
Williams Creek 06/12/97 50 11 0 0 - - - - -

®Includes additional sampling on a second date to reach the recovery criteridi9ofdarters.

PDarters were captured at the farthest site sampled in this directiore@umpsir downstream). They either could not move beyond because of
barriers to fish movement, or sites could not be sampled because access to wampdesied or the habitat could not be sampled (see text).
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Table 2. Characteristics of ongoing translocations of hatchery Arkansassdance 2002 in seven streams in the Arkansas River basin. Data from
the 2009 sampling of these translocation segments includes the number of wetgited,sae number of sites at which darters were detected, the
total number of darters captured, which of three criteria in the Colorado DivisWiidife recovery plan were met (X; see Introduction), and the
maximum distances upstream (US) and downstream (DS) from translodisoat svhich darters were captured (NC = not captured in a given
direction).

Max. distance captured (m)

Translocation stream Translocation Recovery criteria met (X)

NoO. No. sites No.
darters  darters
Date No. fisn Wetsites detected captured >500 >2year  Self- DS us
darters classes sustaining
Big Sandy Creek 07/09/97 150 28 19 229 - X - 500 1,625
06/06/05 1,120
08/05/07 600
Buffalo Creek 08/08/02 301 15 15 %00 X X unknown 1,375 625
06/03/05 500
08/03/06 200
09/05/07 169
10/28/08 225
07/10/09 300
Deadman Ditch 06/03/05 500 16 1 1 - - - 375 NC

08/03/06 200
09/05/07 169
10/28/08 225
07/10/09 300
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Horse Creek 10/15/08 1,157 17 0 0 - - - - -
10/02/09 905
Vista del Rio Ditch 2 08/08/02 301 16 15 B0 X X unknown 1,625 175
07/17/03 300
07/20/04 363
06/03/05 500
08/03/06 139
09/05/07 169
10/28/08 299
07/10/09 300
West May Valley Ditch 08/08/02 301 20 19 554 X X unknown 1,625 1,375
07/17/03 300
07/20/04 350
06/03/05 500
08/03/06 200
09/05/07 170
10/28/08 225
07/10/09 400

40



Wild Horse Creek 09/19/02 1,622 16 15 500 X X unknown 1,625 500
07/17/03 1,600
07/20/04 360
06/03/05 736
08/03/06 400
09/05/07 170
10/28/08 225
07/10/09 973

%Initial stocking was performed with wild fish.
® Sampling continued, in one case on an additional date, until the recovery criteric06fdarters were captured or this goal appeared infeasible

“Darters were captured at the farthest site sampled in this directiore@upsir downstream). They either could not move beyond because of
barriers to fish movement, or sites could not be sampled because access to waxpddnyied or the habitat could not be sampled (see text).
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Table 3. Habitat characteristics of 14 streams in the Arkansas River liesia tnanslocations of
wild or hatchery Arkansas darters were made during 1980-2008. Habitat chstiastesere not
measured in five streams that were completely dry. Data are mehstaadard deviations (SD)
of habitat variables for all wet sites in each translocation streante@der description of
habitat variables.

Habitat characteristic Mean SD Range
Width (m) 3.4 1.17 1.5-5.8
Depth (m) 0.27 0.10 0.11-0.50
Bottom temperature (°C) 19.4 3.31 13.1-30.0
Residual temperature (°C) -0.3 1.77 -3.7-4.1
Conductivity (uS/cm) 2,395 1,378.9 327 — 4,354
% Vegetative structure 70 20.1 31-96
% Wetted 76 26.2 23 -100
Available habitat (km) 4.7 2.38 1.7-8.6
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Table 4. A series of 1& priori multiple-state occupancy models used to estimatapancy probabilities of age-0 Arkansas dartefitranslocation streams<336 sites).
Models for thisa priori analysis address hypotheses concerning trangodafbe (wild or hatchery) and habitat featurethede spatial scales (site-, segment-, and rivpessaale),
separately and in combinations (mixture). Five ddal exploratory models were analyzed post-hoeefine covariate comparisons (see text). Detagirobabilities were
modeled as a function of Julian date. The protigtitiiat a site was wety{) was modeled as a function of the percent wetsdsitait within the riverscape (10 km). Conditional
darter occupancy probabilityf) was modeled with combinations of covariates. fitiaber of model parametei)( -2 log likelihood [-2logl)], AIC, values, difference in AIC
compared to the top model, and Akaike weight¥ for candidate models are reported. The “best@pprating” model to estimate occupancy of age-Oakwdas darters (M16) is
shown in italics.

Age-0 model results

i\;l,ggel I\r/]lgg]eel Plcovariate8 ¥ covariated (E)Oe\fgﬁg?g
K 2logl) _ AIC. _ AAIC,  w,
Global M1 WET TEMP VEG DIST DIR INT WET HAB HAT DAE 13 602.98 630.14 6.07 0.02
Null M2 WET DATE 5 638.80 648.99 2492 0.00
Site- M3 WET TEMP DATE 6 635.61 647.88 23.81 0.00
M4 WET VEG DATE 6 635.86 648.12 24.05 0.00
M5 WET TEMP  VEG DATE 7 633.08 647.43 23.36 0.00
Segment- M6 WET DIST DATE 6 638.02 650.29 26.22 0.00
M7 WET DIST DIR DATE 7 637.06 651.41 27.34 0.00
M8 WET DIST DIR INT DATE 8 636.02 652.47 28.40 0.00
Riverscape- M9 WET WET DATE 6 638.32 650.58 26.51 0.00
M10 WET HAB DATE 6 614.11 626.37 2.30 0.13
M11 WET WET HAB DATE 7 613.40 627.75 3.68 0.06
Trans. M12 WET HAT DATE 6 630.14 642.40 18.33 0.00
Mixture M13 WET DIST WET HAB DATE 8 612.90 629.36 5.29 0.03
M14 WET TEMP WET HAB DATE 8 609.13  625.58 1.51 0.19
M15 WET WET HAB HAT DATE 8 613.12 629.57 5.50 0.03
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Exploratory M16 WET TEMP HAB DATE 7 609.72  624.07 0.00 0.40

M17 WET TEMP HAB  HAT DATE 8 609.54 625.99 1.92 0.15
M18 WET VEG HAT DATE 7 629.01 643.36 19.29 0.00
M19 WET DIST HAT DATE 7 629.57 64392 19.85 0.00
M20 WET VEG DIST HAT DATE 8 628.47 64493 20.86 0.00

2DIST = absolute distance from translocation sitdR B direction, INT = distance x direction interiact, TEMP = residual temperature, VEG = vegetativeer, WET = percent of
10 km wetted, HAB = available habitat (10 km) , HAThatchery/wild translocations.

PDATE = Julian date.
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Table 5. A series of 1& priori multiple-state occupancy models that were usegstionate occupancy probabilities of age-1 Arkamksaters in 19 translocation streams
(n=336 sites). Models for this priori analysis address hypotheses concerning transtodgtie (wild or hatchery) and habitat featurethege spatial scales (site-, segment-,
and riverscape-scale), separately and in combima{imixture). Five additional multistate occupanuydels were analyzed post-hoc, to refine covadataparisons (see
text). Detection probabilities were modeled asracfion of depth. The probability that a site was (y€) was modeled as a function of the percent wetsdsitat within the
riverscape (10 km). Conditional darter occupan@ppbility (y*) was modeled with combinations of habitat covasafrhe number of model parametét} (2 log

likelihood [-2log()], AIC. values, difference in Alompared to the top model, and Akaike weight3 for candidate models are reported. The “best@pmating” model

to estimate occupancy of age-1 Arkansas darter$ ¢shown in italics.

Age-1 model results

i\;l,ggel I\r/]lgg]eel Plcovariate8 ¥ covariated (E)Oe\;gﬁg?g
K 2logl) _ AIC. _ AAIC,  w,
Global M1 WET TEMP VEG DIST DIR INT WET HAB HAT DEPH 13 617.06 646.41 9.21 0.00
Null M2 WET DEPTH 5 629.34  639.53 2.33 0.07
Site- M3 WET TEMP DEPTH 6 624.93 637.20 0.00 0.24
M4 WET VEG DEPTH 6 629.07 641.34 4.14 0.03
M5 WET TEMP  VEG DEPTH 7 624.80 639.15 1.95 0.09
Segment- M6 WET DIST DEPTH 6 629.18 641.45 4.25 0.03
M7 WET DIST DIR DEPTH 7 629.11 643.46 6.26 0.01
M8 WET DIST DIR INT DEPTH 8 627.33 643.79 6.59 0.01
Riverscape- M9 WET WET DEPTH 6 628.51 640.77 3.57 0.04
M10 WET HAB DEPTH 6 628.50 640.76 3.57 0.04
M11 WET WET HAB DEPTH 7 627.07 641.42 4.23 0.03
Trans. M12 WET HAT DEPTH 6 628.37 640.64 3.44 0.04
Mixture M13 WET DIST WET HAB DEPTH 8 626.87 643.33 6.13 0.01
M14 WET TEMP WET HAB DEPTH 8 622.65 639.11 1.91 0.09
M15 WET WET HAB HAT DEPTH 8 626.19 642.65 5.45 0.02
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Exploratory M16 WET TEMP HAB DEPTH 7 623.77  638.12 0.92 0.15

M17 WET TEMP HAB HAT DEPTH 8 623.19 639.64 2.45 0.07
M18 WET VEG HAT DEPTH 7 628.29 642.64 5.45 0.02
M19 WET DIST HAT DEPTH 7 628.26 642.62 5.42 0.02
M20 WET VEG DIST HAT DEPTH 8 628.19 644.64 7.45 0.01

2DIST = absolute distance from translocation sitd&R B direction, INT = distance x direction interiact, TEMP = residual temperature, VEG = vegetativeer, WET = percent 10
km wetted, HAB = available habitat (10 km) , HAThatchery/wild translocations.

PDEPTH = mean depth.
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Table 6. Model selection statistics for three pairs of models fit to age-Oaftdpgge-1 (bottom)
Arkansas darter detection data collected from wet sites in translostieams in southeastern
Colorado. Pairs of models include those that modeled spatial dependence aw@efirstarkov
process{ + 0) and those that assume local (site) occupancy is an independent, random process
(6 =6°). Statistics include the number of model paramet€)s-@ log likelihood [-2log()],

AIC, AAIC, and AIC weight (). The “best approximating” model is shown in italics.

Model

Model? No K -2loglL) AIC AAIC w
Age-Odarters

w(WET),0 + & (HAB), p(DATE) 7 26260 276.60 0.00 0.73
1

Y(WET), 6 =6' (HAB), p(DATE) 6 286.67 298.6722.07 0.00

Y(WET), 6 +6' (TEMP), p(DATE) 7 27217 286.17 9.57 0.00
2

Y(WET), 6 =6' (TEMP), p(DATE) 6 320.15 332.1555.55 0.00

Y(WET), 0 + 6 (TEMP + HAB), p(DATE) 8 262.60 278.60 2.00 0.27
3

Y(WET), 6 =6 (TEMP + HAB), p(DATE) 7 286.63 300.6324.03 0.00

Age-ldarters

w(WET),0 + 6 (HAB), p(DEPTH) 7 28751 30151 0.00 0.59
4

Y(WET), 6 =0' (HAB), p(DEPTH) 6 296.52 308.52 7.01 0.00

Y(WET), 6 + 6 (TEMP), p(DEPTH) 7 290.04 304.04 253 0.16
5

Y(WET), 6 =6* (TEMP), p(DEPTH) 6 328.62 340.6239.11 0.00

p (WET),0 +6' (TEMP + HAB), p(DEPTH) 8 287.14 303.14 1.63 0.25
6

Y(WET), 6 =6 (TEMP + HAB), p(DEPTH) 7 318.25 332.2530.74 0.00

8WET = percent wetted, TEMP = residual temperature, HAB = availableahdDEPTH =
mean depth
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Figure 1. Location of the 19 study streams where Arkansas datertranslocated in the
Arkansas River basin in southeastern Colorado. Streams received transl|axfagitmesr wild
(circles;n=12) or hatchery-propagated (triangles;7) darters. Five streams that received wild
darters were dry when sampled and are shown as open circles. The squareetiswo of
Horse Creek, where habitat was measured to estimate the potential fessafaéuture

translocation.
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} translocation reach

adjacent reaches

- distal reaches

Figure 2. Design of study reaches for translocation streams. Afginigehe translocation site,
a 3.25-kilometer translocation segment was centered on this location, and dividecinto f
reaches: a central 250-m translocation reach, two adjacent 500-m reacheso distal 1000-m
reaches. Each reach was further subdivided into four equal parts (62.5 m in the tianslocat
reach, 125 m in adjacent reaches, and 250 m in the distal reaches). Study reactefiiveer as
the final 62.5 m of each (shaded), and study sites were selected in the beseavalidat in
each study reach (see text). A total of up to 20 sites were sampled in eactétaorsktream.
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Figure 3. Predicted probability of occupancy for Arkansas darteldated into
streams in the Arkansas River basin, Colorado as a function of available tiab)tand
three values of the residual of stream bottom temperature (°C). Cuevemdel-
averaged predictions showing predicted conditional site occupancy probaff)itgf(
age 0 (top) and age 1 and older (bottom) darters, and are truncated nearshad timeit
data. The horizontal dashed line signifies 50% site-occupancy, a level of @ateatiest
to managers.
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Figure 4.Predicted probability cconditional site occupancy for translocateattansas
darters in a 3.8-km segment®tieels Fork oHorse Creek, Coloradén impassible
culvert is present in the stream channel at al.7 km.This information was used
conjunction with the length of total available hal, and depth andottom watel
temperatureneasured at 20 eque-spaced sites, to predict sitecapancy of a¢-0 (top)
and age-1 and oldébottom) darters under two scena: 1) translocation with th
existing culvert in place (solid lines), andtranslocation after the culved removec
(dashed lines).
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