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Water Temperature and Intermittency Monitoring throug hout Critical Habitat of White Sands
Pupfish

Investigators: Colleen Caldwéknd Jasmine Johnson

1U.S. Geological Survey, New Mexico Cooperative Fish and Wildlife Research Unit
’New Mexico State University, Department of Fish, Wildlife and Consenvé&alogy

Status of ResearchOngoing

Significance of ResearchThe deployment of an intermittency logger verified that portions of Salt Creek RR
316 dried 14% of th@016 calendar yeaRuring the summer season, pupfish experierdadyediel
fluctuation(22°C) and elevated temperaturgsseto (but not above)heacute and chroniemperature
thresholdsonsidered detriment&b other Cyprinodontids.

Introduction Anecdotal feld observations throughout White Sands pupfish hakitggesthat these fish may
experiencarange of daily and seasonal temperature fluctuatBsmseredrought in 2010 resulted in nearly
40% loss of pupfis habitat throughout Lost River ¢iolloman Air Force Base (Guy et al. 2001n.addition to
the loss in habitat, fish were isolated in pools exceeglif@ and below freezing-{.5°C). From these
observations, we set out to characterizethermalhabitat of théNVhite Sands pupfisand a longerm network
to monitor temperature across the pupfishés range

With the advent ohew andaffordabledata loggingechnologyour goal was to charadatiee the dynamic
nature of stream flow antémperature throughout White Sands pupfish habitat. Jactbkes were to monitor
stream and air temperature throughout pupfish habitatelateseasonathanges iremperature to habitat
availability (contradion vs. expansion)

For the interim report, we present only the results for lower Salt Creek at RR 316 Bridge to highlight
patterns in stream temperatdiog White Sands pupfistiom 2011 throug to 2016 We selecte®alt Creek RR
316 to highlightin the reporbecaus®f the extremaéemperaturehanges observed since temperature
monitoring began in 2011. This study reach is also impobecausé represents one of foseacheghat have
undergone yearlgnonitoring since1994by NMDGF. Fromannual monitoring, the State agerassesses the
population status fdiuture managemeaulecisions.

Methods In 2011, we systematically launched stream and air tempetaggersthroughout longerm
monitoring reaches for White Sands pupfish on White Sands Missile Range (WSMR) in Malpais Spring
Upper, Malpais MarshLower, Upper Salt Creek, and Lower Salt Creek (also referred to as RR 316 in this
report). Temperature loggers were launched in upper Lost River on Holloman Air Force Base (HAFB) near the
confluence of Rita and Malone Draw and in lower Lost River within the dwsevanere long term monitoring
for the pupfish also occurred. We chose temperatata loggers (HOBO U22 ProTempM2om Onset
Computer CorporatiarT hese loggers aubmersiblavith a largememory capacity42,000 records and wide
temperature range40°C and 70°¢ More importantly, the logger records a wide range in temperature
(-0°F to 158°F) in air and up to 50°C (122°F) in watith goodaacuracy(+ 0.21°C) andresolution(0.04°C).
All loggers were deployed and programmed to record temperatdré mtervals (an interval deemed less
likely to miss true daily maximum temperatures) acadssonitoring reacheg.wo air data loggers were
paired with instream data loggers on Malpais Spring and Upper Salt Creek to resolve unusual temperature
pattens reflective of streamrying or logger malfunctiorAll loggers were housed in PVC housing to reduce
the influence of direct solar radiation on temperature readings and attached to either a metal stake anchored in
the thalweg (main flow) of the strearhannel omattached via cabl® a treeor bush Prior to deployment, all
dataloggers were calibrated by immersing int6@&nd 28C wager bath for 1 hDuring immersion, the
loggers recorded tempures at Zminute intervalsTemperatures were compatedemperatures obtained
with a calibratedligital thermometer (traceableermometer from50°C to 300C) and either deemed
acceptable for field deployment or returned to the manufacturer for replacement.

On January and June of each year, we retrieviedfidan each logger argliality-checkedeach data point
by examining changdn temperature greater thafC3per hour, single temperature readings exceedif@, 20
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daily temperature range in exces206iC. If data from theecord exhibited these respessthen the record was
re-examinedFor each stream record, én2olling average was performénlreduce and smooth the data
(Dunham et al. 2005While thermal graphs are representative of continuous data, there are perindstiadre
the logger malfuctioned, the stream drietheloggers were lost due to high flow events@movedand not
replaced. The total number of days logged for each site are listed in Tatdddggers were maintained at the
same sites throughout the study. Specific temperaetrics were selected from Dunham et al. (2005) to infer
if stream temperatures exceeded temperature thresholds for cyprinodonts and for how long temperature
exceedances occurrélthus,we selectedemperature metridor:

1) Maximumand minimunwatertemperaturs (representing the higheasihd lowesinstantaneous
temperature recordddr the calendar year)

2) Maximum weekly average temperatureas@WAT; highest average temperature summarized over a
continuous 7 day perio@nd minimum weekly average teerpture(Min WAT; summarized over a
continuous 7 day perigdWeekly average temperatuepresergan acute temperature metric;

3) Maximum 30 days average temperature (Max 30AT; highest average temperature summarized over a
continuous 30 day period) andmmum 30 days average temperature (Min 30AT; lovawstrage
temperature summarized over a continuous 30 day perid®) 30 day average temperatigpresents
a chronic or longerm sublethal temperature met@and

4) Maximum daily rangealculated as theifference between the daily maximum and the daily minimum
temperaturdor each calendar yearhis metric represents the largeseamempeature shift in oe
day.

With the advent of intermittencypdgers in 2015, we deployed a logger into a pool above the 316 Bridge to
assess timing, interval, and duration of stream drying. To better capture the interval between wet and dry
conditions in the pool, we set the logger to collect data at 30 minutealsteFhe intermittency loggers use
relative conductivity on board the devise to capture when the stream is dry. Thus, simultaneously collected
water temperature with relative conductivity to provide unambiguous water temperature and stream flow
intermittency information (Chapin et al. 2014). In addition, a conductivity datalogger were launched to assess
the effects of stream drying on salinity, and a camera trap was installed overlooking the same pool containing
both the water datalogger and the interemitty logger. The camera trap was used to visually assess and confirm
timing and duration of low to no stream flow as well as magnitude in diel stream fluctusifiensll include
the results of all conductivity loggers, the camera trap at RR 316 Brigi¢ha results of the long term
monitoring of stream temperature (202017) within the three other reaches (Upper Salt, Malpais Spring,
Lower Malpais- Marsh) in the next interim report.

Results Highly variable temperatures were observed wdoSalt Creek at the RR 318iége throughout the
2012, 2013, 201dummer seasorisigure 1) The large swings in dieg(eater thad°C per houy stream
temperatures were presumabhly temperatre due to stream dryingnd the datalogger exposed ta &le daily
Max and Min for 2012 through 2016 are well above stream temperatures considered supportive of aquatic life
(Table 2). In addition, the maximum daily range of 38t 2013 refleatddiel shifts indicative of stream
drying within that one dagTable 2) Periodic field visitghroughouthe lower reach oBalt Creelatthe RR
316 Bridgerevealed low flows, however, timing and duratiaghdrying occurredwvas unknown

From 13 Jly 2015 through 31 December 201Be intermittency loggarvealedsummeremperatures
well above50°C (Figure 2).Using the relative conductivity datallected concurrently with temperatwe
board thesamédogger, we removed allemperatur@lata that coincidedith relative conductivity 00%. Note
the reductiorof a portionof the temperature profile in Figure Becausehe intermittencyoggerwas launched
July 2015, wenissed a portion of the summer seasonause to focus on thesultsfor 2016.The poolin
lower Salt Creek at RR 316 experienced a tot&llafaysout of 365days (14%) ofirying (Table 3) For the
time when the pool was wet and presumably could holdtfiighmaximumdaily temperaturexceeded
35.65°C. The maximumweeHly average temperaturd@WAT; maximum temperature averaged over 7 days)
was26.15°C. Thistemperaturenetic is informativebecausdt reflectsacute or short terraxposurehe pupfish
would haveexperiencd within the pool.The maxmum 30 day average temperature (Max30AT; maximum
temperatur@veraged over 30 dgywas24.19°C. This temperature reflects tl@g-term or chronic exposure
that pupfishwould haveexperiencd within the pool. Lastlya pupfishin the pool would have experience
22.33C change irtemperaturén one day as indicated llye maimum daily range
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Table 1. Site identificatio(WDL = watertemperaturdogger, ADL = air temperaturdogger, IntDL =
Intermittency water/air temperature loggetates deployed and number of days logged, easting and northing
coordinates (UTM) and notes denoting locatiotenfiperaturdoggers.

Site ID Dates Easting | Northing Notes
Malpais Spring 1 Nov 201 - 37803 368392 | Located betweer
(WDL) Present traps 12 and 13
Malpais Spring 1 Nov 201 - 37803 3683921 | Intree near trap
(ADL) Present 1 in proximity to
stream gauge
Malpais Marsh 1 Nov 201 - 377553 | 3683099 Near trap 11
(WDL) Present
Salt Creek RR 316 1 Nov 201 - 369876 | 3682740 | Center of pool
(WDL) Present below culvert
Salt Creek RR 316 13 July 2015- 369876 | 3682740 | Center of pool
(IntDL) Present below culvert
Salt Creek RR 316 13 July 2015- 369876 | 3682740 Riffle below
(IntDL) Present culvert
Upper Salt Creek 1 Nov 201 - 373917 | 3691113 | Pool at Trap #6
(WDL) Present
Upper Salt Creek 1 Nov 201 - 373917 | 3691113 | Tree at Trap #6
(ADL) Present
Upper Lost River 1 Nov 201 - 394898 | 3640464 | Near bne tree
(above culvert) Present along bluff
Lower Lost River 1 Nov 201 - 390284 | 3638621 | Center of pool at
(Dune WDL) Present beginning of
visual survey site
Lower Lost River 1 Nov 201 - 390284 | 3638621 On bank at
(Dune ADL) Present beginning of
visual survey site
North Mound 13 Jan 2017 Present | 380146 | 3700303 Back bank
Upper Main Mound | 13 Jan 2017 Present | 380571 | 3699210
Lower Main Mound 13 Jan 2017 Present | 380571 | 3699210 See TPost
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Figure 1.Water temperaturé@) of lower Salt Creek aRR 316 Bridge on White Sands Missile Range, New
Mexico. Solid blue linsrepresents hourly temperature and graysliepresents daily average temperature
Logging of stream temperature bedaNovember 201andcontinuesat the time of this report (July 2017).
Note missng temperaturéndicated byii*o from 14 Jun 2013 to 2 Sep 20d@e to the malfunction of the water
dataloggerMissing dataalsooccurredirom 1 Oct 2014 to 12 Jul 2015 due to the construcifdhe new bridge
at RR 316Note elevated temperature profithat exceed 4& in the summer month®resumably, the stream
was dry throughoyportions of the summer seasaevidence byhese extreme temperaturksgediel
fluctuationswith hourly temperaturehangegreater thad°C per hour.

6| Page



Table 2.Maximum (Max)and minimum (Min) stream temperagumetrics obtained from the ProV2 water
datalogger for each calendar year. Daigxmum and minimum water temperatures represent the highest and
lowest instantaneous temperature recorded fordlemdar yeatMaximum weekly average temperature (Max

WAT; highest average temperature summarized over a continuous 7 day period) and minimum weekly average
temperature (Min WAT; summarizexyer a continuous 7 day period).akmum 30 days average temperature

(Max 30AT; highest average temperature summarizedaeentinuous 30 day period) and minimum 30 days
average temperature (Min 30AT; lowest average temperature summarized over a continuous 30 day period)
represent a chronic or long term dathal temperature metric. Theawimum daily rangés calculated ashe

difference between the daily maximum and the daily minimum for each calendar year.

Salt Creek (316 Bridge)Stream Temperature Data
Water Logger
Metric 2011 2012 2013 2014 2015 2016 2017

DaysLogged 65 365 283 271 171 345 -
Daily Max 29.34 49.62 4804 45.50 42.86 46.64 -
Daily Min -1.21 -3.84 -1.19 -1.16 -1.33  -1.21 -
MaxWAT 19.92 29.01 28.64 29.06 27.16  29.99 -
MinWAT 0.78 1.82 0.03 2.22 2.16 1.74 -
Max30AT 10.38 27.35 26.24 27.49 25.36 27.44 -
Min30AT 3.44 3.31 1.34 3.35 4.05 3.58 -
Max Daily Range 22.93 33.90 35.92 28.30 23.12 28.65 -
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Figure 2. Water temperatureQ@) of a pool in lowelSalt Creek aRR 316 Bridge on White Sands Missile

Range, New Mexio. Solid blue lines representshmurly temperature and gray lines representsobily

relative conductivity (%) that serves as the surrogate to reflect stream drying. When relative conductivity dips to
0, the logger indicates absence of water across the circliiteyfigure is BEFORE removal of events of stream
drying reflected by relate conductivity at OLogging of intermittency in the pool begaB July 2015nd

continues at the time of this report (July 2017).
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Figure 3. Water temperatur€Q) of a pool in lowerSalt Creek aRR 316 Bridgeon White Sands Missile

Range, New Meixo. Solid blue lines representshmurly temperature and gray lines representsobirly

relative conductivity (%) that serves as the surrogate to reflect stream drying. When relative conductivity dips to
0, the logger indicates absence of water achassitcuitry. The figure is AFTER removal of events of stream
drying reflected by relative conductivity at 0. Logging of intermittency in the pool bEg/dnly 2015nd

continues at the time of this report (July 2017).
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Table 3.Maximum (Max)and minmum (Min) stream temperature metrics obtained from the ProV2 water

datalogger for each calendar year. Daigxmum and minimum water temperatures represent the highest and

lowest instantaneous temperature recorded fordlemdar yeatMaximum weekly aveage temperature (Max

WAT; highest average temperature summarized over a continuous 7 day period) and minimum weekly average

temperature (Min WAT; summarizexyer a continuous 7 day period).akmum 30 days average temperature

(Max 30AT; highest averagemperature summarized over a continuous 30 day period) and minimum 30 days
average temperature (Min 30AT; lowest average temperature summarized over a continuous 30 day period)

represent a chronic or long term dethal temperature metric. Theawimum dally rangeis calculated as the
difference between the daily maximum and the daily mininatertemperaturdor each calendar yeafifi
represents missing dedt the time of trg report.

Salt Creek (316 Bridge)Stream Temperature Data
Intermittency Logger
(AFTER REMOVAL OF AIRTEMPERATUR E DATA)
Metric 2015 2016 2017

DaysLogged 171 365 -
Days Dry 22 51 -
Daily Max 36.95 35.65 -
Daily Min -1.11 -0.89 -
MaxWAT 25.94 26.15 -
MinWAT 2.42 2.00 -
Max30AT 24.84 24.19 -
Min30AT 4.30 3.62 -
Max Daily Range 16.78 22.33 -

DiscussionCyprinodoriids, which includepupfish, lave a highthermaltoleranceand are able ttleratelarge
temperature fluctuationsdtto and Gerking 1973Wsing thecritical thermal maximum (CTMHuntsman and
Sparks 192¥and the upper lethal temperature (Fry et al. 1948parchers have characterized the upper
thermal limits in fishesFor example the CTM is an index that reflectise ability of the fistto withstand short
term expeures to highamperaturgwhile the uper lethal tempetarelimit defines theupperlimits of long
termor chronic exposure toigh temperature Otto and Gerking (1973kported CTM andthe upper lethal
limits for Cyprinodonsp.and other related specias high agl3-44°C and 3839°C, respectively Ourthermal
monitoring workrevealedWVhite Sands pupfismost likelyexpeiencethermal extremes clode (but not
above)theacute and chroniwater temperaturesonsidered detrimentébdr other Cyprinodontiddn addition,
Brown and Feldmuth (1971) called attentto the drastic daily and seasonal temperature fluctugtigofssh

in Death Valey experiencé20-40°C). Thus,adiel fluctuation of 22°C in White Sands pupfish habitappears
to bewithin the rangeof thermal tolerancér thegenus No doult, amore completgicture of the thermal
regime is needed throughout White Sands pupfish habjtattions ofSalt Creekemain wihin the monitoring
plan.Our work points to the importae of maitaininga long term moitoring program thaincludesa variety
of methalologiesto capturecontinual changes in temqadure and intermittencyhroughouthe range oWhite
Sands pupfish.
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Tagging effects of passive integrated transponder and visual implant elastomer on the small
bodied White Sands pupfish Cyprinodon tulaosa)

Investigators: Damon PeterspRandi Tranthafy Tulley Trantharty and Colleen Caldwell

INew Mexico State University, Department of Biology
2U.S. Geological Survey, New Mexico Cooperative Fish and Wildlife Research Unit

Status of the ResearchThe research was completed 2016 and the manuscript was CipEEbmitted to
the journal of Fisheries Ecolodyarch 2017 The manuscript was accepted for publication July 20hé.
Abstractbelowhas been excerpted from the manuscript.

Significance of Resarch: The research validated the usenofividual alphanumeric tagsn a smaHlbodied

fish. Until now, batch marks were used to obtain some vital rates in small bodied fishes. With the advent of the
smaller passive integrated transponder tag (8.5, mmran now successfully mark individual fish to better
characterize vital rates of growth, survival, and movement.

Abstract: One of the greatest limiting factors of studies designed to obtain growth, movement, and survival in
smaltbodied fishes is #hselection of a viable tag. The tag must be relatively small with respect to body size as
to impart minimal sullethal effects on growth and mobility, as well as be retained throughout the life of the

fish or duration of the study. Thus, body size efthodel species becomes a major limiting factor; yet few
studies have obtained empirical evidence of the minimum fish size and related tagging effects. The probability
of surviving a tagging event was quantified in White Sands pugdighr{nodon tularospacross a range of

sizes (1960 mm) to address the hypothesis that body size predicts tagging survival. We compared tagging
related mortality, individual taggers, growth, and tag retention in White Sands pupfish implantednaith 8
passive integrated traponder (PIT), visual implant elastomer (VIE), and control (handled similarly, but no tag
implantation) over a 75 d period. Initial body weight was a good predictor of the probability of survival in PIT
and VIEtagged fish. As weight increased by 1t fish were 4.73 times more likely to survive PIT tag
implantation compared to the control fish with an estimated suitable tagging size at 1.1 g (TL: 39.29 £+ 0.41
mm). Likewise, VIEtagged animals were 2.27 times more likely to survive a tagging evapaced to the

control group for every additional 1 g with an estimated size suitable for tagging of 0.9 g (TL: 36.9 + 0.36
mm). Growth rates of PFland VIEtagged White Sands pupfish were similar to the control groups. This
research validated two popultagging methodologies in the White Sands pupfish, thus providing a valuable

tool for characterizing vital rates in other sradidied fishes.

Products:

Peterson, D., R.B. Trantham, T.G. Trantham, and C.A. Caldwedtess Tagging effects of passivetegrated
transponder and visual implant elastomer on the dooalied White Sands pupfisyprinodon
tularosg. Journal of Fisheries Research.
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Feasibility of Tracking Individual Passive Integrated Transmitter Tagged Pupfishin-Situ Using
Portable Tag Reading Technology

Investigators: Damon Petersdand Colleen Caldwell

INew Mexico State University, Department of Biology
2U.S. Geological Survey, New Mexico Cooperative Fish and Wildlife Research Unit

Status of the ResearchCompleted

Significance of ResearchWhite Sands pupfish exhibitéldetendencyto return or remain close to areas of
prior capturelfigh site-fidelity), with fish traveling no further tha80-178 m from prior capture locations

Summary One of the most interesting, yet mdgficult questions that confront biologists isw, when,and
why animals make decisions to mo¥ environment as dynamic as eseért ciénegis often subject to a
combination of high rates of evaporation and low water fleov fish living in these enronmentswe asled
which environmental variabledetermine the likelihood thatfishchooses tonove On the one hand, fish that
choose to make movements can exploit newly connected or created habitats with little competition from other
fish (competitve exclusion On the other hand, thofish that make the decision to move, may be exposed to
poor habitat conditions #te new locationFurthermore, the shifting patterns of connectivity may limit the
ani mal Oeretraabtofdvarablg habitat aoditions.Thus, fish movements in ciénega systems represent a
risk-reward strategywherepatterns of movemetmave implications for survival, reproduction and ultimately
the sustainaility of fish populationsThe goal of this project is tecipherthe fequency and magnitude of
movemenusing a newly developed portable REQ tracking technologyhis approach allows researchers to
collect independent locations of uniquely marked pupfish, using passive fatettemsponder tags (Rtags)
without having to handle the fish and thus alter their behavior.

To assess movement pattern$\diite Sands pupfistGyprinodontularosg throughout a highly variable
habitat, we used combination of internally implanted passive integrated transmitter tagsa@Tand
portable PITtag antennaWe individually tagged antracked 292 animals over a sieek periodn June and
July of 2016 Technological advancements in the portability of-B@ readers allow fisheries scientists to
adopt active survemethods thatollect detection datan board a portable reader without having to handle the
fish. In addition to the reduced handling time, independent locations can be collected for assessment of habitat
use, home range size, and movement patterns. This method neépeedeparture from traditional Rtag
arrays or capture recapture protocols used in fish monitoring programs and requires validation if researchers ar
to use this methodology for acquiring detections. The results of the study suggested that thedikélih
recapturing an animal was low across the five intensive survey pepied3.14). Furthermore, the number
and pattern of detections suggested that despite the limited habitat available to pupfish, thesecguilzdy
escaped detection. Amompgpfish recaptured, all displayed high degrees of philoptndéncyto stay or
return to a particular areagross a skwveek sampling perigahever travehg more than 178 m away from the
prior location of captur@nd that gender or body size impartittel to no bias on recapture probability

Introduction Desert fishes often exist in systems that are both small and subject to extreme fluctuations in flow
thereby limiting functional connectivity between potential suitable hahititsvementin this fluctuating
system can be a risky strategy because habitat suitability may fluctuate through time creataig @in
habitat with complex structuteln addition,small desert aquatic systems can often contain barriers to
movement such as waterfalls and patafasmsuitable habitat that may limit the likelihood thah can return
once dispersed.aken together, theory would predict that deBsiiesshould behave philopatrically rather than
make largescale movemts. This raises the questitlow do disperddimited fishesin small aquatic systems
find novel suitable and dike habitatsThis question becomes particularly critical when pattefiimbitat
suitability fluctuatebecause local extinction events combine with barriers to movement (especiathaopst
have the potential to create a cascade of local extinétions

Tracking animal locations is a central objective for many ecologyspsoviding critical insights into
habitat use, home range, reproductive timangd patterns of dispersalnfortundely, there is a paucity of
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tracking research on small bodied animals, specifically small bodiessfighis lack of research is largely
explained by limited technology availalite tracking small fishedRecent developments in tagging technology
have relucedpassive integrated transponders (R&Qs to 8.5 mm,lbwing researchers to surgically implant
tags into White Sands pupfish with high survival probabilities (Peterson epagsg Fishmarked with PIT
tags howevermust be encountered usiag antenna combine with a receiver capable of receiving and
recording thecoded identity of the animaBiomarkE recentlydeveloped handheld portable antenna
technologythat allows researchers to s@quatichabitat for taggeéishes. Howeverit is still unclear how

these antenna diges perform throughout a desei¢negeon small bodied fishes.

The objectie of this project wasvo-fold. Our f i rst objective was to ass:
portable PITtag scanning technology focusing on &astthatinfluence the likelihood that markétlhite Sands
pupfish wereencounteredThe second objective was to determine the degree of philapgimpfish to assess
movement patterns throughout their spatially complex habitat. This would inform resesaanld managers of
how changes in habitat and resourcéfea the distribution othe pupfish throughout tr@énegaThis research
will provide managersvith information regarding the feasibility of using portable 4@ reading technology
while also poviding information about the movement patterns of White Sands pupfish.

Methods
Locations study sites

Study sites were chosen based on a combination of ease of access and habitat structure. White Sands
pupfish are endemic to two small drainagesointiscentral New Mexico, Malpaisping and Salt Creek.
Drainages were then further separated into study sites at each drainage (Malpais = 2 sites) with a special focus
on the Salt Creek system (siteg) to understand how a barrtermovement influencegupfish movement
patterns.

Initial tagging methods

Pupfish were captured using conical minnow traps placed in the habitat and $oak 24 hour time
period.Previous work has shown that pupfish have a high survival probability efaBlimplantatio in the gut
cavity when individual total lengths exceedrgh (Peterson et al, jpres3. Thus, capturegupfishwere
sorted by size for tagging suitabilit%.single experienced and high performing tagger surgically implanfed 8
mm PIT-tagsusing an 14auge syringeMorphological and location data were collected for gagbfish
captured and marked.

Tracking methodology

Once animals were captured and marked across both drainages at the nine study sites, we began tracking
using Bioma r k 6 s pTotagtreadeiSweveyB Wwere conducted by walking either in or along the banks of the
stream scanning for taggedpfish The objective was to collect detection data from locations that had tagged
animals while also scanning areas surroundiegspecific tgging locationsFor all surveys, surveyors scanned
500 meters below and above each of the habltate pupfish were tagged and releagadsalt Creek, study
sites 16 were separated by 560 Thusfor the six sites representing the headwaters of Sa&lCthe entire
halitat was extensively surveyeive surveys were conducted across ansbek period.

Predicting distance traveled using the information theoretic criterion

To predict the distance traveled by an individual from the release poireatd two sets of models for
selection using an information theoretic apprdalchthe first analysis, to understand how stream reach
influences the distance traveled from the initial location of capture, we creadepribdi models including
data ollected from Salt Creek onlin a second analysigje used the data collected from both Salt Creek and
Malpais Spring to understand the role of gender and body size on distance moved from the original capture
location. For both analyses, we tested the influence of six variables on the distance trelelsdyian
ordered descending stream reach (R), gender (G) and body size represented by body weight (W) and a nested
term of dainage (D) and study site (She data were modeled with a general linear model using a Gaussian
distribution after checking fassumptions of equal variance and normality. AICc statistics were calculated for
each modl and ranked bg AICc to determile the most parsimonious modélor model s wi t h a
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lower then 2, model averaged parameter estimates were calculated tihslrelationship between vables
and distance traveledll analyses were conducted in program R v.1.0°1@8fhgAlCcmodavgpackage

Predicting the probability ofeencountering a tagged animal
To predict the probability that an animal is recapturedusesl &Cox regression model, treating gender,
size, drainage, and site ordered by distanmm the headwaters as factorbe response variable is a binomial
where successful encoters were scored asasuccdds.d el sel ecti on using Akai k.
(AIC) is to be performed on candidagoriori models to determine the most parsimonious model for predicting
the likelihood of encountering a tagged aaim

Results
Distance Traveled

The result of our model selection process suggestethtindistance traveled by a pupfisbm the release
point was best explained by two moddtggre 3. To investigate the effects of stream reach on movements,
we found that the most parsimonious models included two terms, stream reach (R), modavg coef
10.19,SEnodavg_coeF 6.59) and body weight (Wy = 0.43,modavg coef 46.72,SEnodavg_coem 12.22)
suggesting that stream reach influenced the distangedrbythe fish In the second analysis using the data
from both Salt Creek and Malpais Spring to investigate the role of gender, body size and evolutionary lineage
on movement distance, we found support for two models (Table 1). Both of the top twe imcldeed the
nested terms drainage (®;= 0.70,modavg coef 4.49,SEnodavg_coem 35.23) and study site (8 = 0.70,
modavg coef 3.67,SEnodavg_coem 22.75). Fish gender showed a significant effect on movemenmt £€3).50,
modavg coef -6.54, SEnodavg_coe= 10.77)(Figure 2; Table 2) The initial weight of the fish was associated
with movement distance (W = 0.53,modavg coef 1.22,SEnodavg_coeF 8.27), however the model averaged
coefficient suggested that the effect size was smallatidig that body size was weak predictor of movement
distance.

Predicting the probability of reencountering a tagged animal
To date, the analysis of encounter probability is pending.
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Table 1. The results of two models with different scopes of infereifio test the hypothesis that stream reach
influenced movement distance, &priori models were creatdd explain the maximum distance travefeam
the location of capturd.o test the hypothesis that pupfish gender or body size predicts distaradedr %

priori models were analyzed@he most parsimonious models are italicized.

r':]%tggllg Drainage K AlCc Z AICcWt Liklﬁ(t)]go q
R Salt Creek only 3 308.99 0.00 0.60 -151.05
G+R Salt Creek only 4  311.44 0.61 0.18 -150.95
W+R Salt Creek only 4 311.48 2.54 0.17 -150.97
W+G+R Salt Creek only 5 314.18 3.45 0.04 -150.89
W*G+R Salt Creek only 6 317.15 6.19 0.01 -150.82
w Salt Creek only 3 42208 13796 <0.01 -207.73
G Salt Creek only 3 422.31 138.18 <0.01 -207.84
W+G Salt Geek only 4  423.87 14040 <0.01 -207.39
W*G Salt Creek only 5 42454 14248 <0.01 -206.44
I Salt Creek only 1 486.67 15857 <0.01 -242.29
G+D+S Malpais and Salt Creek 11  419.75 0.00 0.35 -194.48
W+D+S Malpais and Salt Creek 11  420.04  0.29 0.30 -194.62
w Malpais and Salt Creek 3 422.08 2.33 0.11 -207.73
G Malpais and Salt Creek 3  422.31 2.56 0.10 -207.84
G+W+D+S Malpais and Salt Creek 12 423.56 3.81 0.05 -194.40
W+ S Malpais and Salt Creek 4  423.87 4.12 0.04 -207.39
W *S Malpas and Salt Creek 5  424.54 4.79 0.03 -206.44

W*S+D+S Malpais and Salt Creek 13  427.79 8.03 <0.01 -194.39
| Malpais and Salt Creek 1 445.45  25.70 <0.01 -221.68

2] = Intercept, R = Ordered study reaches, W = Weight of the fish (g) at captut®e@der of fish, D =
Drainage (Malpais Spring or Salt Creek), S = Site identity. Site and drainage were modeled as nested terms.
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Table 2. Model averaged parameter estimates for the factors that significantly predicted the distance fish
traveled fromle location of capture calculated using the top four models. The drainage column indicates

whet her the analysis included both drainages or
indicates the relationship between male and femal&gbupsing male animals as a comparison.
Drainage Response Variable ~ Parameter Estimate Oxo
Salt Creek only Males -8.4 12.07
Salt Creek only Stream Reach 13.13 4.69
Malpais and Salt Creek Males -6.54 10.77
Malpais and Salt Creek Weight () 1.22 8.27
Malpais and Salt Creek Drainage 4.49 35.23
Malpais and Salt Creek Site 3.67 22.75
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Figure 1. Distance each pupfish moved from the initial location of capture (m) at Salt Creek. Sites were
ordered from upstream to downstream to assess whefleggitic behavior is determined by reach. Each
point represents a single animal. The line represents a least squares regression line coupled with a 95%
confidence interval represented by the grey area.
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Figure 2. Distance moved as a fupatiof pupfish gender and drainage. Red boxes indicate the mean distance
moved for Malpais Spring while blue boxes indicate Salt Creek movements.
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Discussion

The results of outracking studyillustrated two critical pointsWe hypothesized théish from desert
systems would express high levels of philopatng our resultsuggesthat White Sands pupfistemonstrated
philopatry. Over a sixveek period frontheinitial marking,pugfish were never detected beyond Tii&rom
the initial capturdocaion. The second point our research highlights is the limitations of the newly developed
portable tracking technologipespite intensive effort combidevith a very small system fguupfishto escape,
manypupfishescaped detection. Of the 292 animals maknd subsequently tracked, few (14%) were ever
reencounterech(= 42). Of the 42 animals, ontlireewere encountered more than once.

Few studies have attempted to follow individual srbaliied fishes in desert systemi$us, it is unclear
how deset dwellingfishes navigatelynamic systems such eignega. Our tracking study suggested that White
Sands pupfish may cope with the mosaitheir habitat by reducing the likelihoaaf making largescale
movementsOf the 42 animals reencountered in study, few moved more than 30 fromthe initial capture
location.Our model preittedthe distance moved by an individual wastexplained by gnder, stream reach
ordered bydistance from the headwateasid drainageMale pupfishwere less likely to mee than femalefish,
which was not surprising given that surveys were conducted duripg#hkbreeding seasoMale pupfish
occupy and guardreedingerritories while femalearemore likely to roarf’. In addition, we found tentative
supportfor thedispersal avoidance theonsingSalt Creek athe model systemWhite Sands pupfisivere
more likelyto disperse as the distance from the headwaters incr&eseers tofish movement often become
more frequenin closer proximity to the headwaters. Thus, in response to barrier avoidance, we predicted that
White Sands pupfish would become mphélopatic with proximity to the headwater reaches.

The tag reading technologgpturel independent locationalbeit poorlyfor White Sands pupfish
throughout their habitaT.rackingfish in small desert aquatic systems with limited mobility seems idedhifor t
type of technology becautieese fishare limited in their abity to hide from the surveyorBor example, a
powerful swimmer such as a trout would be ablavioid detecton by swimming ahead or arouttte surveyaor
White Sands ppfish were surprisigly difficult to encounter despite the advantages of the systémonly
14% of animals reencoungat With some modification to the methodology such as focusirgpturatingsites
with tagged fishrather than spreading @ged fishacrosghe habitatone could increase the likelihocaf
encountering amdividual.

Future Work

To understand whether environmental or individual variables contribute to the likelihoad/tte
Sands pupfishsirecaptured, we are conducting a Cox regression analjisgse data are currently in the
analysis phase and would provithe managewith information about the likelihood that detections areduas
This would be followed by recommendations tioe future
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Assessment of Passive Conical Minnow Traps for Detisng Changes in Catch per Unit Effort in
a Desert Cienega Springs Fish

InvestigatorsDamon Petersdrand Colleen Caldwell

INew Mexico State University, Department of Biology
2U.S. Geological Survey, New Mexico Cooperative Fish and Wildlife Reseaiith Un

Status of the Research Field component is completadd bboratory component is underway

Significance of Research We challengd the assumption that passive traps are useful in estimating relative
abundance in White Sands pupfish populations.

Summary The White Sands pupfisiCyprinodon tularosarepiesents a monitoring challeng®hile the

species is locally abundant throughout a desértegaits habitat fluctuatespatially and temporallyWe

present evidence that a common index of aboicelécatckperunit-effort; CPUE) can be affected by basic
methodological approaches such as trap soak time and trap denditye investigated methodological factors
that affect CRIE (i.e., ingress and egres€apture statistics designed to refleaative abundance such as
CPUE require therimary assumptioto hold truethat capture probabilitpe constant through time.
Surprisingly, fish egress from traps were nearly equal to fish ingress into traps suggesting total catch, and
thereby CPUE, arersingly influenced by factors that affect the probabilityhaf White Sands pupfisgintering
the trap. Soak time weakly influenced total capture and was significantly less (0.023 + 0.02) than 1.0
suggesting CPUE was not an appropriate estimate of abuadtacontrast, the Lincoln Peterson estimate
(using mark recapture methodology) was strongly predicted by total catch indicating that total catch can be
useful for modeling abundance if soak time is held constant.

Introduction Passive traps are wigelised in fisheries management and research as a tool for understanding
patterns of fish movements, behavior, and abundahdneir popularity is largely a fumion of structural

simplicity and utility across a range of habitatsPassive traps can be particularly useful where other sampling
methodologies in fis populations become impractical because of water depth (either too shallow or too deep),
contain complex structure such as physical obstructions, deep mud, undercut banks, and high dissolved ion
concentration$'2 For trapping data to be useful, factors that influence the probability of a fish encountering,
entering, and remaining in the trap are importabtsider.Thus, variability in fish behavior can result in

large fluctuations in capture, which affect interpretation of the trapping data. Few studies have critically
analyzed trapping efficiency and the abiotic and biotic variables that affect fish dueftdert et al. 2012).

Catch per unit effort (€) is a common index of relative abundance:
Clf =N 1)

where C represents total fish captured fareghresents unit of effort expendeglrepresents probability of
capturing a fish per tinof effort, and N is the absolute abundance of the fish in the popdfatanunderlying
assumption when comparingf@Iither spatially or temporally is thatf@ proportional to population siZeand
across time periodsinfortunately, (fis affected by abiotic and biotic factors, thereby altering application of
C/f as an index of relative abundance. Fextbat affect G/ have a long histofy'4® and ae sensitive to
features such as trap material and dési§nbaiting®, habitat characteristit’s and soak timé2°, thereby,
potentially limiting the utility of Cf as a index of relative abundancehe assumption of constant catchability
(9) may be the most importantctar that affects @/and the one most violat®d Nevertheless, €/can be a
reliable index to detect changes in fish populations when sampling methods are repeatalissumptions

are me?’.

White Sands pupfistQyprinodon tularospis endemic to the Tularosa basin of southern New Mexico in
two locations (Malpais Spring and Salt Creel)e3e two populations exhibited considerable genetic
divergence from one another and were deemed as separate evolutionary significant units (Stockwell et al. 1998
However, the limited distribution on a military installation (White Sands Missile Range,RYy&MI close
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proximity of the two populations (5 km) increases
plan was implemented in 1995 to detect population declines and address causal factors related to military
installation activitiesBittenger 1997; 2009). The original objectives of the monitoring plan were to monitor
trends in population o6relative abundanced as a me
actions to address causal factors. While the intentions ohdngoring plan were well defined, the application
of the metric described as O0relative abundanceo6 r
then the management goal of detecting population declines and addressing causal felbtorsisged and the
White Sands pupfish may go extinct. Anderson (2001) suggested indices (subhaas @ireliable because
many of the variables that affect proportionality of the index are likely to change over time because of
environmental changebdt would presumably affect animal behavior. For example, removal of feral horses
from WSMR resulted in a profound change of White Sands pupfish habitat. Such changes in habitat may have
affected White Sands pupfish capture rates by altering the totélemwhfish captured, resulting in afC/
decline. Agency biologists question whether the pupfish was actually in decline or that habitat complexity
affected sample efforts (NMDGF 2015).

The purpose of the study was to determine factors that influenteegpobability of White Sands pupfish
with the common minnow (getgpe) trap. The minnow trap represents a passive gear in which fish pass
through a conical shaped funnel. Whether or not the gear retains the fish will be based on the selectivity of the
gear until retrieved. To address the hypothesis that capture rates were influenced by extrinsic variables, we use
mark-recapture methodology across time intervals to estimate ingress into, egress from, and regress (return)
the trap, and compared pogptide abundance estimates of Gsingthe Lincoln Peterson approach.
Specifically, our objectives were to determine whether soak time influenced capture and retention and the
relationship between capture and population abundance estimated through nmtkeenathodology.

Methods:
Studyarea

Trapping was conducted summer (July) of 2016 across habitat containing two populaidnteddands
pupfish Malpais Spring begins as a brackisk(inS/cm) spring where the springhead flows into a series of
marshes that terimates into a perennial play@alt Creek is a saline (88 mS/cm) stream. This system is
also driven by a series of springs and forms-8@&m stream that terminates into an ephemeral playa during
periods of high precipitatiGh?.

Fishtrapping andmarking

Un-baited plastiecoated galvanized minnow traps (52 cm long by 23 cm in diameter; 6.5 mm diamond
shaped mesh) were placed in the thalwegaah stream at 20 m intervals between 09:000. All traps were
given a unique identification number and tethered to a permargogtT Each trap location was georeferenced
using a Garmin GPSmap device (x 6 m).

To account for ingress into and egrdéi®m the traps, fish enumeration and batch marking was conducted at
three intervals (2, 4, and 24 Irjor each sampling occasion, fish present in the trap were marked with a partial
caudal fin clip on either the dorsal (2 h) or ventral (4 h) caudabffia.|Partial fin clips involves clipping a
portion of the fin effectively fAsquaring offod the
smaltbodied desert cienega fi¢hThis technique allowed us to rapidly identify wigusly captured individuals
throughvisual inspection of the fing.o minimize handling time, all fish were visually categorized into one of
three size classes (I < 20 mm TL; IR 35 mm TL; Il > 35 mm TL).Once fish were processed and inspected
for marks, they were immediately placed in aerated buckets for recovery before being returned to the traps for
the next sampling interval.

Estimation of CPUE, anttap egress,ngress, andegress
Ingress and egress rates were estimated as a function of raatkeadmarked fish at eaohthe three

sampling periodsSpecifically, ingressRingres9 Was estimated as a function of the number of pupfish that
appeared in the traps without markk équation 2.

Ringress= U (2)
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Likewise, egressRegresy Was estimated as a function of the number of fish marked on the previous occasion
(Mg) while subtracting the number of fistmainingin the trap with marks at the next occasibh; equation
3).

Regress= (Mo My) 3)

From equations (2) and (3),f@¥as calculatedeguation3); wheret is the time interval (2, 4, or 24 h).
C/ = (RingressT Regresy/t 4)

The estimates above require that fish do not make more than onmergyeer sampling interval.

Calculation of LincolaPeterson ppulationestimate
The LincolnPeterson estimator was applied to obtain an accurate estimate of population abundance for
closed populations, where

6 — (5)

This approach utilizes a single marking and a single recapture trapping episode where fish are captured and
marked on occasion onK)( released back into the environment faulAsequent recapture episodiecoln-
Peterson eshators depend upon a mixing of the marked and unmarked animals such that the ratio of
previously markedk) to the total capturech) on the second occasion provided all animals are equally
catchable, marks do not influence the probability of recaptaningnimal, and that individuals did not lose VIE
marks between sampling periods.

Statistical Analysis
Total Catch

To understand factors that influenced the total catch of fish in a trap, we applied a generalized linear mixed
model using a negative binoahierror dstribution to model the datdhe data were modeled as a function of
one nested random effects term where trap identity was nested within study location glelfexstheffect of
soak time A set ofa priori models hypothesized to explainabtatch were created including an intercept only
model using the informiin theoretic model selectioModels were assessed by calculating AlCc values and
compared against the best performing models (Table 1) where modeis Ali@c > 2.0 were considered to be
more parsimonious modéls

Modeling Lincoln Petersonséimates as &unction oftotal catch

In another analysis, we created a set pfiori models hypothesized to best correlate with the calculated
Lincoln Peterson estimates for edddp for the three soak timebhe Lincoln Peterson estimate requires
capture of markedramals on the second occasi®@ue to time constraints, estimates were nédioled at
every trap locationThe dataset assessed in this analysis included 12 trapping locations across both study areas
(Malpais Springn = 5, Salt Creekn = 7). To determine factors that best describe the data, we used the same
information theoretic approach for model selection and the calculation of model averaged parameter estimates
combinal with a general linear mixemodé for each hypothesized modéhe nested term study site and trap
identification was assigned as a random effect while the three different soak times (2, 4, and 24dghwere e
assigned as fixed effec&gain, the best performing model was detemditby considering AICc > 2.0.

Trap s@turation: Ingressegress, anadegress
To test for evidence of trap saturation, calculated ingress and egress parameters were modeled separately &
function of the number of animals present in the trap afteratimpling interval (D). Tem priori models were
created to predict rates of ingress and egress including study site, trap identity, soak thedrapddensity
term.To predict rates of egress, a separate curvilinear term was calculated by squdragdbasity term to
test whether total egress increased exponentially with respect to trap density thereby indicatingdtim satu
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has occurred (Table 43 similar information theoretic approach was used to determine the most parsimonious
model.

Results
Total catch

The results of the model selection suggested that total catch was predicted by a single m@)&ltiere
the random nested effects of drainage (S; tetall.00) and trap identity (T; total = 1.00) and the fixed effect
of soak time (H; totalv = 1.00) predicted total catch (Table 1A critical assumption of €is that the catch is
proportional across time; that is, the coefficient of time with respect to total catch is predicted to be 1.00.
However, calculated parameter estimates for soak time were much lower than hafafhkter estimate =
0.023,0x= 0.002) suggesting soak time was weakly associated with total catch.

Lincoln Peterson estimatesoeled as dunction oftotal catch

Lincoln Peterson estimates were predicted by a single model with a singlevterth49) Of the three
soak interals (2, 4, and 24 h), the 24 h soak time best explained the Lincoln Peterson estinaiel0)
(Table 3). The nested variables drainager$;0.01) and trap identity (Tw = 0.01) were present in the next
most parsimonious model, however, the evideratio between model 1 and model 2 of 128.2 suggested that
neither drainage nor trap identity significantly predicted differences between the Lincoln Peterson estimate and
the total catch at the 24 h interval.

Trap saturation viaingress, gress, andegess
Ingress was linear with respect to trap densityw3; 1.00), while egress was described by a curvilinear
trap density term@? w = 1.00). For both ingress and egress, the most parsimonious models included drainage
as the nested termggass W = 0.977T Sigress W = 0.79)trap identity (Egress W = 0.971 Tingress W = 0.79),and
soak time (Hgress W = 0.957 Hingress W = 0.79) (Table 4).

Discussion Capture rates were not proportional with effort or soak time due to increasing egress traigs a
accumulated fishiThese results call into question the validity of comparing fish count using trapping data if
trapping effort varies. A critical assumption of capture statistics sucH as tBat the probability of capturing
animals is constdracross time periods, that is, the estimated slope predicting total catch across time is equal to
1.0?%. The results of our experiment suggested that, though soak time predicted the total number of White Sand
pupfish captured in a trap, the parameter estimate was much lower than 1.00 (0.023). Several studies have
noted that the capture probfiyr many fishing gear types is not proportional across effort and specifically tends
toward a pattern of declining efficiency termed hyperstabifity Non-proportioral capture probabilities could
be accounted for in sampling designs by holding trap time constant and using total catch numbers rather than a
calculated captureatistic to control for effortThe primary tradeoff with study designs that maintainsistent
trap exposure is the additional logistical effort associated with travel to and between study sites.

To determine whether BAas a reliable estimator of fish abundance, we applied akweln sampling
statistic to estimate abundance throngdrk-recapture method$Vhile Cf predicted the Lincoln Peterson
estimates, perhaps the most surprising result of this comparison was that the 24 hour soak interval best
explained the Lincoln Peterson estimate suggesting that the 24 hour interval hest fherforming soak time.
This finding could be a result of poor fit due to zero inflation among the lower soak'tikesraps soak, fish
tend to accumulate at trapping locations with low fish densities thereby reducing the total numbertwdttraps t
are empty upon inspectioBetter repesentation of fish at locations where fish are rare could compensate for
the increased exit rates when fish are abundant due to trap satWétemfish are locally abundant or easily
captured, space withithe trap may become limiteSpace limitatioror trap saturation can impact the total
number of fish captured either because the individuals are less likely to enter the trap or because individuals ar
more likely to exitdue to increased trap densitihe results of our model indicate that entrarates were not
directly related to density within the trap. Entrance rates of fish should be linear with respect to trap density,
which is our observation. Egress, on the other hand, was best exphaitheddensity dependent mod€here
are two possiled mechanisms for exit rategreasingas density within the traipcreasesin the first we
describe aandom movement scenads density increases then fish become motivated to move téamai
space among individual$his increased movement resuhidfish making movements through the entrance
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more often tha when trap densities are loim.the second scenario, flocking behavior such as fish shoaling or
schooling increaseshenthe likelihood that a fish exits the trapll occur due to informationtsaring.
Cyprinodontid species are known to exhibit shoaling beh®#r Despite the mechanism for exit rates,
several options exist fomhiting animal loss from trap&or example, Budria et al. (2015) demonstrated that
trap type and trap material affected the rate of trap egress ameagined stickleback€asterosteus
aculeatus. It is likely that each fish species differs with respect to the interplay between the probability of
leaving a trap and the trap typé/le recommend that for studies that depend upon accurate total catalraiumb
(i.e., relative abundance of imperiled fish) managers investigate egress rates.
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Figure 1. Box and whisker plots of total ingras®i(white) and total egress from (grey) at each trap as a
function of soak time. Egress estimates are not available for the first interval due to the sampling structure.
Notice ingress is largely unaffected by soak time while egress appears to heedrbgtsoak time. The

horizontal line represents the mean with the lower 25th and upper 75th quartiles as the lower and upper box,
respectively. The whiskers represent the 10th and 90th percentiles and points outside the percentiles are
outliers.
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Figure 2. Both panels describe the relationship between fish capture and the mark recapture abundance
estimator Lincoln Peterson across three soak times (dashed line = 24 h, dotted line = 4 h, solid line = 2 h).
Greyed areas represent 95% confidence intervals. The top panel shows the overlap between soak time and tot
catch. The bottom panel illustrates the relationship between calculategbeatstit effort and soak time.
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Figure 3. Rates of ingress andesg as a function of trap density. Ingress rates were significantly described by
a linear relationship suggesting ingress is not impacted by trap density. Egress showed a significantly non
linear relationship with respect to density suggesting thatapity drives exit rates. Regression lines were
created using a locally weighted scatterplot smoothing function to show potentialeanrelationships.

Circles represent ingress rates while egress is represented by circles. The grey areas9%iresefitlence

intervals based on the regression.
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Table 1. Candidate models predicting total catch of White Sands pupfish within each trap. The most
parsimonious model was the most complex with soak time and the interaction beteveed srap
identification.Calculated parameter estimates including number of paramigters ( Ak ai keds | nf or
Criteria (AICc), model support representing the difference among model AIC seoyeand model weightx)

are listed. The mostparsimonus model s (zAl Cc > 2) are in bold.
Candidate Modets k AlCc Z w Log Likelihood
l|+(S+T)+H 34 1272.78 0.0 1 -582.88
[+ (S+T) 33 1440.17 167.39 0 -668.99
I 1 28375.04 27102.26 0 -14187.51
|+ H 2 9287.42  8014.63 0 -4641.64

2] = Intercept, (S+ T) = Nested term of site and trap identification code, H = total soak time in hours

Table 2. Model average parameter estimates showing a relationship between soak time (H) and total catch.
Catchperunit effort assumes constant catch rate across timus the assumed value of the parameter estimate
for soak time is 1.0. The parameter estimate of 0.023 indicatgsrapartional catch rates.

Response Variable

Treatment

Parameter Estimate

(<]
Ux o

Total Catch

Soak Time (H)

0.023

0.002

Table 3. Candidate models hypothesized to explain the Liketerson mark recapture population estimates.
Calculated parameter estimates including number of paramiters ( Ak ai ke 6 s rlafdCo)y mat i on
model support representing the difference among model AlCc seojesifid model weight) are listed. The

most parsi moni ous

mo d e | Total Caclhdt €ach ofthe thiee irtervals were mddelddd e

to determine the soak tintieat best explained the LinceReterson estimates. Surprisingly, despite higher exit
rates, the 24 hour interval was the most parsimonious model.

Candidate Modets k AlCc Z w Log Likelihood
| + 24h 3 141.98 0.00 0.99 -66.49
| +24h + (S +T) 5 151.69 9.71 0.01 -65.84
| + 4h 3 170.49 28.51 0.00 -80.74
|+ 2h 3 172.29 30.31 0.00 -81.64
|+4h+ (S+T) 5 174.79 32.81 0.00 -77.39
+2h+S+T 5 177.76 35.78 0.00 -78.88
S+T 4 188.85 46.87 0.00 -87.57
I 1 199.61 57.63 0.00 -98.60

2] = Intercept,S + T = Nested term of site and trap identification code, Two, four, and 24 hour soak times are
represented as 2h, 4h and 24h, respectively.
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Table 4. Candidate models hypothesized to explain egress from and ingress into the traps and whether trap
dengty increases either egress from or ingress into the traps. The top model for egress from the traps was the
density dependent model with a nonlinear density term. Ingress into traps, on the other hand, was best
described by the linear model. Total caatleach of the three intervals were modeled to determine the soak
time that best explained the Lincefeterson estimate€alculated parameter estimates including number of

parametersk) , Akai keds I nformation Cr i tteediffeeencé @&rorgenpdel mo d
AICc scores# ), and modelweighty) ar e 1| i st ed. The most parsi moni c

Response

Variable Candidate Modefs k AlCc Z w Log Likelihood
Egress |+S+T+D+H 36 610.91 0.00 0.95 -220.12
Egress [+S+T+DF 35 618.62 7.71 0.02 -229.31
Egress |+ D? 3 618.66 7.75 0.02 -306.13
Egress | +D?+H 4 620.66 9.75 0.01 -305.99
Egress [+S+T 34 632.89 21.98 0.00 -241.41
Egress I+S+T+D+H 35 636.61 25.70 0.00 -238.31
Egress I+D 3 644.67 33.76 0.00 -319.13
Egress I+D+H 4 646.95 36.04 0.00 -319.13
Egress I 1 719.29  108.38 0.00 -358.61
Ingress I+S+T+D+H 35 747.56 0.00 0.79 -369.56
Ingress I+D 3 750.24 2.68 0.21 -371.99
Ingress | +D?+H 4 772.88 25.32 0.00 -382.22
Ingress | + D? 3 777.28 29.72 0.00 -385.51
Ingress [+S+T+D0+H 36 789.35 41.79 0.00 -336.10
Ingress [+S+T+D0 35 791.92 44.36 0.00 -339.96
Ingress I+S+T+D 35 799.13 51.57 0.00 -343.57
Ingress I 1 839.81 92.25 0.00 -418.88
Ingress [+S+T 34 853.53  105.97 0.00 -373.25

2| = Intercept, S = Study Site, T= Trap identification code, D = Trap density, e results of squaring the
trap density term, H = Trap soak time (4 and 24 h)
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Designing a Defensible Monitoring Protocol dr a Short-lived, Locally Abundant and Dispersal Limited
Fish Occupying aCiénegaSystem

Investigators: Damon Peters@and Colleen Caldwell

INew Mexico State University, Department of Biology
2U.S. Geological Survey, New Mexico Cooperative Fish\afildlife Research Unit

Status of the Research Ongoing; we are in nearing the final stages of analysiplamdo conduct a second
sample collection August 201@ obtaincovariates related to the presence or absence of the pupfish.

Significance of Reearch The mapr goal of the research wasdevelopa scientifically sound and defensible
monitoring progranfior White Sands pupfish population®ur objectives were to compare sampling

methodologies that balance effort in the field with informatioruabize trends and status of the populations.

To be effective, the monitoring program must be scientifically credible and produce defensible high quality data
with an eye toward decision making processes. We learned that the best method of detectiten Sdivilki

pupfish was through systematic visual surveys at 50 sites.

Summary Occupancy studies are often hampdrgghoor designHere, we tested the hypothesis that habitat
occupancy parameteasross White Sands pupfish habaetrelated tahabitatvariablesWe used a pilot
dataset to determine the effectiveness of detection gear to determine the best method for \d&ptarBands
pupfish across its habita/e determined that the best method of detection was visual supvey& $5) where
visual surveys were approximately 52% more effectiemtbeiningSeine:p = 0.58. Another factor that
influences the accuracy and effort of occupancy designs is the level of replication telti@umber of
study sitesWe used a simulation approachdetermine the ideal level of replicatifor visual surveysThe
results of the simulation indicated that a tpass visual survey across 50 study sites performed theNeest
then used the simulated analysis to design an occupancy study aroundwistyal across 48 study locations
to understand how habitat variables influehttes likelihood that a pupfish ogpies that locationl he results
of the final occupancy model are currently pending analysis.

Introduction Desert fishes endemic to the aswouthwestern United States are among the masatdmed group

of vertebratesExtreme variation in temperature regime, low precipitation along with limitations to dispersal
often create mosaics of isolated populations leading to frequent endéfisth at 6 s mor e, deser
increasing pressure from shifts in climate where southwestern systems are ghtedieteome hotter and more
arid. Increasing anthropogenic water usage threaten the stability and persistence of many aquafit systems
Furthermore, invasions of exotic organisms such amttasive salt cedaramarixspp.shift species

composition, habitat morphologgnd energy flow through the syst&it. White Sands Pupfish are emblematic
of such a desert fish where a combiiora of low-flow streams, limited distribution antamarixshrub invasion
influence the likelihood thgupfish populations persidinderstanding how pupfish populations fluctuate
through time through careful monitoring comhidneith assessing how habita&rameters influence the
likelihood that gpupfishis presenwill be critical for detecting shifts in populations before they become
unrecoverable.

Most monitoring protocols are designed to estimate parameters that detect shifts in pephiatiener
monitoring plansften fail toaccount for imperfect detection probability which can cause bias estimates due to
systematic underestimatinThe fraction of habitat occupied by a given species is@fiapinterest for
ecologistsOccupancy models have shown promise as a valid method for monitoring ltheo@apulations.
Factors such as local extinction and colonization rates combine with shifts in occupancy can accurately identify
populations at risk.

Fish sampling in desecténegasystems areften logistically challengind. High levek of habitat
variability combine with low water flows and elevated ion concentrations can create problems for typical
fisheries gear designed to capttist such as minnow traps, sefmelectrofishingand kick netswhile some
fishing geamaynot effective sampé across all habitat types (i.electrofishing, some gear typesremore
effective insubset of habitat&or example, seirsare effectivan capturing fish in open water habitats
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however when instream vegetation or course woody debrip@sentrunning a seine through these habitats

can be ineffective or impossible. Furthermore, many of the capture methods may bias captures based on factor
such as size and gentfeFor example, if passivieapsutilize a mesh ige too big then jiveniles will escape
detection.Thus, one would assume the population did not successfully reprddiise sampling methods

such as seine nets and dip nets may under represent larger specimens due to elevated motility potential.

Effort associaté with each method of capturedlso of considerable interefior occupancy designs to
accurately estimate detection probabilities, replication is required via either spatial or temporal replication
across a dsed population time intervator passiveampling techniques, such as conical traps and remote
cameras, repeated visito study sites are requiréichese methods require significant increases in effort because
trips to the field sites represent a large portion of the effodined|to sample ttse systemsSpatial replication
is an option for camera traps, howe\sgatial replicates are not viable for traps becfisbeaptured in each
trap are not available to occupy other trapgjthereby underestimatapture probability. Active methods o
the other hand, can be conducted independently at each site within a short time period using a mix of active
sampling techniqué%®’.

Visual surveys have shown promise as a valid method for determining occupancy states among other
taxa®3®, A primary risk in utilizing visual surveys rather than traditional capture metisatig risk of false
positives While occupancy models control for imperfect detection, that is, animals that go undetected, these
models are notabust against false positivagisual surveys in this system would conform to the no false
positive assumption becaugéhite Sands pupfists the anly fish extant in the systefiesting the potential for
visual surveys could allow researchersignificantly reduce sampling effort as visual surveys can be collected
with low effort and independently when multiple surveyors are present.

Data collection focused on monitoring fish populations can be costly, yet many studies undergo data
cadlection without considering the effects of sampling design on the likelihood of detecting the desired pattern.
Designing monitoring protocols for occupancy modeling represent a tradeoff between replication &} a site (
and the number of sites to be seyed €)*°. Determining the ideal levels of sites and replication depends upon
estimates of occupancy) and the probability of detectiop)( Because of this interplay, simulation models
using pilot datasets are an effective way to understand the effects on the parameter estimates of interest. By
assigning multiple levels of sites and replicates, rebeas can identify the appropriate design that meets the
error threshold while also carefully considering effort management.

The goal of this document is threefold. First, we present the results of a pilot study desustathto
detection probabilitiefor three methods commonly used to capture pupfish (seinekititsiets and visual
surveys) Our second objective was to use those parameter estimates to inform simulation models to better
understand the effects of the tradeoff between the numbeesfasitl replication focusing spfezally on effort
managemenOur third objective was to develop a sampling protocol using thesesute simulated pilot
data.We achieve this final objective using two pass visual surveysA@) across two drainagasdetermine
the occupancy state relative to hypothesized habitat parameters.

Methods
Pilot data site selection and sampling methodology

Thirteen quastandomly selected study sites were sampled sig.Sites were chosen focusing on
areas of easgccess to increase the sample size for simulations at Salt@r&gkite Sands Missile Rangkt
the stream, a sampling location was identified by randomizing the area of they$tedition within a 30 m
reach.Subsequent site choices were based om fi&ervals between sampling locations to ensure each site
represented independent samples.

To test the hypothesis that sampling gear determines the detection probability, we sampled Salt Creek usin
three types ofiear.The first sample was conductedthvpaired simultaneolyswith visual surveys. Two
researchers equipped with polarized sunglasses walked the stream bank on bapksitesually observing
fish. Surveyors were careful to not to disturb fish for subsegsierveysThe third survey was oapleted using
a2.7 mx 1.3 m§ft x 4 ft) seine withd.1 mm @/16in) mesh. The samevb researchers compéet seining at
all sites. For many sites, seinings either difficult or impossible due to soft bottomed streams-siréam
features suchsavegetation and woody debriBor those locations, only accessible portions of then15
sampling reach were survey&our final sample &s collected using a kick ndihe approach to kick netting
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was to give the researcher the best chances of captysingfiah. Thus, netting effort and locations of netting
varied by site to maximize the likelihood of capturmgpfish

Pilot data analysis and simulation model creation

The objective otompiling he pilot dataset was to calculate two critical occupancy paeam@stimatesy
y) to inform the following simulation while also calculating the detectimiability for each gear typ#Ve fit
a siteoccupancy modé&lin programRu s i ng t he i unWeaused thel sSimplpstodekt@egtienate
detection probabilities while also accounting for the different gear used to capture fish.

A series okimulation models were created to understand how the tradeoff between the number of sites and
the total replication interacted withe estimateg ory parametersSimulations were calculated using a single
season occupancy model created by Guilharaita®® i SA 0 All simulations were run for 50,000 iterations.
For this study we considered 6 iterations of sites and replication across similar conservative ocgupancy (
0.4) and detection probabilities € 0.8). We considered three levels ofsite effort (10050, 25 sites) as well
as two levels of replication (2 and 3 replicates).

Occupancy site selection

To determine the occupancy state across the known raWyhitef Sands pupfishwe selected sites via
randomized starting locations identified within 1800f the headwaterSubsequent study sites were identified
based upon 5061 intervals moving downstream (Salt creeks 36; Malpais springn = 6) using the pgram
ArcGIS 10.3.0nce the starting locations were identifiitk locations were loaded onto a Garmin GPS unit (+
6 m) for identificationin the field and ach location represented the downstream location ofra &iidy reach.
The upstream survey enachtion was identified by running a measuring tape along the banks of the stream.

Habitat assessment

To quantify habitat parameters associated with pupfish presenesmpleyeda rapid assessment protocol
developed for White Sands pupfish monitoring éimecollection of habitat paranters hypothesized would
predict occupancy of habitathis methodology collects habitat data known to influence fish presence in other
system such as stream morphological measurements (bank angle, maximum water deptivjdctine
substrate typewvater chemistry) and vegetative communityginream and riparian community assessment,
canopy cover) while also controlling for variables that may influence the probability phatfishis detected
(i.e., weatherturbidity, and visual obstructios)).

Visual survey methodology

To assess the occupancy state of pupfish habitat, we useshatj2pass visual survey3$he results of
the simulation suggested that visual surveys were the best performing methoédongupfishThe
simulation also indicated that visual detection methodology was highly likely to detect pupfish when present
(Detectionp = 0.95), thus a-pass survey was useather than a-pass surveywWe ensured survey
independence by allowing enough time tapsle between surveys such that the first survey did not in8uee
second survey (10 minAdditionally, because surveyors can differ in skill and aptitude, we controlled for
surveyor by recording the identity of two surveyors for each site.

Analysisof habitat and occupancy data

To date, these datasets are in the process of andiy@igh consultation of a statistician (Dr. William
Gould, NMSU) Assessing habitat paratees can often be challenging berelation between variables is often
high. For example, abiotic conditions such as dissolved ion concentration can significantly influence the
riparian andn-stream vegetative community/e are using a principal component analysis to control for
correlated variables while also simplifying the nquliti habitat measurements into uncorrelated principal
components for use as explanatory variables in the occupancy model.

We will model the survey data with a sitecupancy mod&lin programRusi ng t he Aunmar k
We will use the collected habitat and survey parameters to inform both deteytom (occupancy
probabilities §) where factors such as water turbidity and visual obstruction and observer will be used
deternine the detection probabilitDccupancy state will be assessed with respect to the collected and analyzed
habitat variables using the summarized principal comepts derived from tharincipal component analysia.
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priori models will be created using the results of the PCA for assessment using an information theoretic
approachto determine the most parsimonious model.

Results
Pilot data

To test the hypothesis that capture probability varies by samplitigpdnfor White Sands pupfisive
assessed three common methods of surveying pugdis a siteoccupancy modelhe results of the pilot
data suggested that capture probabilities for kick netting were the Igpwest$), seine nets were the next
most efective methodf = 0.58) while visual surveys performed the best at detegimfishwhen they were
presentf = 0.95 detedon a fish betweendith visual surveys) (Table IJhe results of the model also indicated
that the probability of occupancy is4d@.across our sites at the ihSscale.

The results of simulation models indicated that the best option for minimizing bias while also reducing
effort was the model derived from 50 sites andficates per site (Figure Il model outputs showed
negligible bias associated with the outcome of the parameters witlkdapt®n of 25 sitedVhen effort
reaches 100 sites, the difference in MLEs are largely a function of detection probability rather than occupancy,
the parameter of interest.

Table 1. Detectin methods and their benefidulti -state indicates the likelihood of being able to identify
specific states (juvenile, feate, male, territorial malespetection probabilities listed are calculated fritra

pilot dataset ol3 sites. Size bias indicatethe likelihood of bias estimates of occupancy states based on the
listed method. Effort is listed as qualitative effort estimates for each sampling m@trextion mark indicates
that we are currently analyzing additional data. This will be provid#teifinal report.

Survey Methogd Effort Detectionp Multi-State Size Bias
Trap Highest ? Yes Yes
Seine Moderate 0.58 Yes No
Kick Moderate 0.5 Yes Possible

Visual Low 0.95 Possible Possible
Camera Lowest Poor No Possible

aThree methods seine, kickdmisual surveys ere tested in the pilot studgoth Camera traps and physical
minnow traps were attempted during the pilot phase and failed due to logistical issues and are not likely viable
candidates for capture without significant redesign.
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Figure 1.Distribution ofnaximum likelihood estimate8ALES) set for conservative underlying probabilities of
detection based upon simulatige¥(.8) and occupancyy(= 0). THhe top row depicts the distribution when
sites are replicatedide times. The bottom row illustrates the distribution of MLEs when two replicates are
collected at each site. The number of sites surveyed increases from left to right (25, 50, 100).
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DiscussionWe setoutto accomplish two objectiveBirst, we ained to develop a sampling method that

controls for imperfect detection while also controlling the effort associated with replication needed to explicitly
estimate capture probabilityhe results of simulated pilot data clearly indicated that because sisualy

methods were highly effective at detecting animaks 0.95) replication wittthis method is optimakhen

using two ndependent visual pass&smilarly, the number of sites needed to determine an accurstaiesof
occupancy was ideal with 5@es. Our second objective was to use the simulation data to develop a sampling
plan to understand how habitat parameters influence the likelihood that an animal occupies that habitat.

Work to be completed

We created a sampling design using the restilfseosimulations based upon collected pilot data to
estimate the occupancy of pupfish habitat and to understand how habitat parameters influences the likelihood
that apupfish occupies the habitdto date, all field data have been collected and sumnaeitzeanalysis
including complete habitat assessments apds visuasurveys across0 study sites. Data analysis nearly
complete and a finakportwill be forthcoming at the end of the project.
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What is the Relative Importanceof Carbon from Salt Cedar in the White Sands Pupfish Diet? Response
to Tamarisk Removal Using a Beforeafter-control-impact (BACI) Design

Investigators: Colleen Caldwg&lDamon Petersépand Brock Huntsman

1U.S. Geological Survey, New Mexico Cooperative Fish and Waldi€search Unit
New Mexico State University, Department of Biology
3New Mexico State University, Department of Fish, Wildlife and Conservation Ecology

Status of the ResearchPotential carbon sources of ttoed webfor theWhite Sands pupfish were cattedto
test the predictiothat Tamarixis the primary carbon sourae pupfishhabitat If Tamarixis the major source
of carbon, then removalf the invasive shrutwould presumably alter thetructure of théood web We
hypothesize that the pfigh woud shift its reliance fronthe terrestriatarbon source taquaticcarbon sources.
Ourfirst step was to determine whetlzerange of terrestrial and aquatic carbon sourcebeaistinguished
from one another usirgable isotope ratios af°C andi*>N. Preliminary analysis revealed theamarixcan be
separatedrom the othepotentialcarbon sourcefseeFigure) Thus, aditional collections o&ll members of
the lowertrophic web, including White Sands pupfish, atbeduled foAugust D17.

Significance of Research Areas throughoutabitat ofthe White Sands pupfish are slated Tamarix
removal; thusit is necessary to identify whether the fish will shift its reliance ftemrestrialcarbon sources
(i.e., Tamariy to stream o autochthonous carbon sources.(primary produers andoeriphyton).This
research will contribute to our understandingpotv reliantpupfishhave become omamarixfor its carbon
sourceand how long it wouldake for populationto shift to other cdoon sources.

Goal and Objective Salt cedar Tamarix gallicg has invaded White Sands pupfish habitat throughout Salt
Creek,small portions oMalpais Spring (WSMRand throughout lowdrost River (HAFB) The shrub can
pose a threat to riparian commtie$ becausi is considered highly flammable, but also becauimittions as
an ecosystem engineer altering soil chemistry and stream Waekar.eparticipaing in a Tamarix removal
projectthroughout WSMR to assess the contributioif aarixas themajor carbon sourder populations of
pupfish.Stream systems receive carbon inputs from two distinct sources: terrestrial vegetitomprimary
productivity whereby sequestering of carbon occurs within the stieemestrial and aquatic sourcescafbon
are distinguishable through analysis in shiftstable isotope ratios at*C andi**N. The food basearbon and
nitrogencan be traced throughout a stream system bastte@momponentsfahat system. For example,
potentialmembers of the food web associated wahbon intakexcross White Sands pupfish habitatiude in
streamperiphyton (aquatic microcrustral growth on rocks and plants composed of algae, cyanobacteria,
microbes, and detrital matteaipdthe semiaquaticsalt grass Distichlis spicatd. External components
carbon contribution includedine bush Allenrolfea occidentalis sage(Artemisiasp), and Tamarix

Our goal will be to characterize the relative contributioafarix onthetrophic basis of production for
populations ofVhite Sands pupfishcross habitat of varyirigvels ofinfestation In fall 2016, we selected
potential carbon sources throughpupfish habitand used stable isotopistest the prediction thdiamarisk
predominantlycontributes to thecarbonbase of thé i sfdod vgeb.Our objectivesareto characterizehanges
in stable $otopeof carbon arosspupfishhabitatwith no Tamarix moderatel amarixinvasion, andeavy
Tamarixinvasionthrough the contribution of either terrestiiig., Tamari® or in-stream productionf carbon
The research will use a befeaffercontrotimpact approach to assess changes in the contribution of carbon
from Tamarixin two populations of White Sands pupfish (Salt Creek and Malpais Sphiigg)redict that
carbon input will shift as carbon contribution shifts from no, moderate, and heavgiioiest Tamarix
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Figure 1.Replicate samples éddod webmembers collected from Salt Creek presumably considered
representative of the lower trophic base of White Sands pupfish habitat. Grass 1 and 2 reflects replicate
samples oh semiaquatic species afalt grassistichlis spicatd, periphyton reflects replicate samptis
aqguatic micrecrustal community,ddineand sageeflects replicate samples e terrestrialodine bush
(Allenrolfea occidentalls saye bush(Artemisiasp), andTamarix(Tamarix gallicg represents the

terrestrial invasive shrublhe Tamarixsample is circled to reflect that it can be distinguished from all other
potential carbon sources within the pupfish habitat.
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Reproductive Strategies of White Sands Pugh (Cyprinodon tularosa)nhabiting Stable and Stochastic
Habitats

Damon. PetersdnAdam Bac3 and Colleen Caldwéll

INew Mexico State University, Department of Biology
’New Mexico State University, Department of Fish, Wildlife and Conservation Ecolog
3U.S. Geological Survey, New Mexico Cooperative Fish and Wildlife Research Unit

Status of the Research The research is completeddsfinal analysis is underwakreliminary results were
presented byAdam Bacgan undergraduate studgat three profesonal conferenceslepartmental seminar
series, and an undergraduate symposiuNest Mexico State University:

1 2016 Desert Fishes Council, Albugquerque, New MexReceived Award for Best Student Pgster

1 2017 Joint Annual Meeting of the American Fishei@®ciety, Farmington, New Mexico

1 2017 Western Annual Meeting of the American Fisheries Society, Missoula, MoR&reied Award

for Best Student Posler
1 Fish, Wildlife and Conservation Ecolo@epartmental seminar series at New Mexico State University
1 Undergraduate Symposium of Arts and Sciences, New Mexico State University

Significance of ResearchOur research suggests thaproductive investment of White Sands pupfish may
decrease as habitat stability decreases due to the breakdmlialmé reprductive signalsThe research
highlights theinfluence that local adaptatiohave orfish populatios.

Summary: One of the fundamental theories in the evolution of mating systems is the interplay between mate
choice and reproductive signaling. Reproducsignals such as bright coloration, body size, and agonistic
behavior influence selectiarf matedy thefemaleof the specieshowever, these signals may not be an
accurate means of judging the relative fitness of an individual. When such signasifaéls may adopt a
reproductive behedging strategy where reproductive investment is based on the reliability of a given cue to
compensate for variation in reproductive success across gensrahe unique iterative singlegglaying

mating structuref White Sands pupfistCyprinodon tularospawas used to test the hypothesis that mate choice
strategies are influead by environmental stabilit series of laboratory experimenising videography
characterized whether reproductive signals of maléigiufrom variable vs. stable environments affected mate
choice of female pupsh from the same environmenidetectable differences were observed between pupfish
from stable versus variable stream environments igrtsatedistribution ofeggs among née&olding males
originating from unstable environmentdditionally, reproductive efforasmeasured by the total number of
eggs produced were significantly differdrgtweerstable andiariablesystems. Thegareliminaryresults

highlight the importancefanderstanding local adaptations and point to the importanoaiotaining

population structureCare should be taken poeventthe translocation of pupfisiicross varying dbitat.

Introduction: The timingof and investmeninto life cycle events sth as growth rate, sexual maturation,

reproduction and mortality are thought to be plastic to environmental factors such as patterns of habitat

variability or variation in other sources of extrinsic mortafttyStearnoutlines some of the ways in which

animals manipulateternative life history strategige maximize reproductive outpufA classic example of an

alternative life history tradeoff was illustrated by Rezhigkho showed mortalitfrom depredation pressure

altered the interaction betwebfespan and the timing and magnitude of reproductive oufgtliough many of

the consequences of alternative life history strateggie&nown the role 6 sexually selected features and

behaviors have not beéully investigatedn fish. Alternative life history theory predicts that increased

mortality should shift the timing and magnitude of reproductive éffartritical component of reproductive

effort includes sexually selectednvariatoninlifeioryd beha

strategies drive differences in the strength of s
To understand how the strength of sexual seleatifturencesalternative life historytsategies, we used

White Sands ppfish(Cyprinodon tularospas a model organisridvhite Sand pupfish are excellent candidates
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for study because they occupy a unique position in tiigpticity of mating systemsPupfish mating systems
have erroneouslbeendescribed as a leking typeating systerh In a leking species, animals (usually males)
compete in a display arefiee., i | €) kisee females make choices based upon perceived male %fuMidye
quality is often measured by the female as a function of a combination ofglfigatures such as bright
coloratiort®!}, presence of exaggéea features such as extended tails in widow Hifdsand behaviors such as
bird song and territorialiyl. In true leking systems, fertilization is internal which separates displatotgrand

the nesting locatiorRupfish males, on the other hangpear to occupy well defined territories where females
deposit eggs in a nest positi onougltomanytphsserine systgms.o s p e
The timing of egg production is unusual among White Sands Pupfish. Not only are pupfishuctpe

throughout the entire year, but also, pupfish are unusual in the metlbgg distribution among malés.

contrast to maynother fish taxa where female fisimploy either a randomization process such as batch
spawning oexpellinglarge batchesf eggs simultaneously with a single male, White Sands pupfish employ an
iterative egg laying strategy where females produdeghesegg per copulation evef@opulations with

multiple males can occur multiple times per day and up to at least 13 copaedints per day.

Alternative life history strategies are oftdreresult of variation in survival in combination with some
degree of genetic isolatiort>¢ For example, Rezniélshowed that differences in depredation risk of guppies
due to the mesence of aiscivoroudish drove variation in the timing of reproductive effort, wheuppiesin
high depredation sites were more fecund (laid more eggs per breeding attempt), reached sexual maturity earlie
and senesced earlier compared to predat@guppy populationsPupfish in desert systems are often subject to
extremeshifts in habitat variabilityLow flow rates combine with high rates of evaporation often cause large
sections of habitat to beme unsuitable for occupatioyiet, for many of hese systems, there is often a set of
locations near the headwaters (often underground springs) where halgitstsnewhagtable. White Sands
pupfish are endemic to two spring driveiAnegastream systems that experience large variation in
environmenthstability. In addition, avaterfall and other barriers to upstream movenaea common in these
systemsAt Salt CreeWhite Sands Missile Rangd)sh downstream of the largest waterfall barrier,
approximately &m of densely populated habitat periallg dries,leaving large populations of fish stranded in
dwindling pools.These isolatefish often exerience broadcale mortalityOn the other handish upstream of
barriers are closer to the headwaters and thus experience fewesdalgelying events.This variation in
extrinsic mortality combingwith confirmed genetic structuring across the largest waterfall baftfat Salt
Creekestablishedlifferential selection pressures tladtectvariation in life history strategies adapted for each
habitat condition.

Sexually selected traits such as bright coloration or territorial behavior are only useful for females if the trait
accurately indiates elevated genetic fitne¥®t, how do animals develop reproductive signals that send
messages touypative mates that reflect mate quality without the risk of potential clsaatibzing the signal?
Zahavi®developed an elegant solution to this problem (handicap hypothesis), arguing that reproductive signals
must be costly to produce signéttetacau r at el y r e f repeoductiveguality.aArcammanl exXasiple
that Darwin struggled withisther obl em of t Why wowdgpeaocockk fdraduce vehat bppears to
be a very risky body structure such as the large, conspicuous, angagstigicecolorful feathersDarwin
soon arrived at the conclusi@inBe c au s e p e a h? e Zahavidpfineipal atrghes timdt geahen
preferences stem from the very handicap that lelrgasy tail feathers produc€his begs the question, what
are the esults of selection when reproductive signals no longeelete with putative fithess®lternative life
history strategieareimplicated as a cause for variation in the strength of sexual sefédonanimals in low
extrinsic mortality environmenis.e., mortality due to depredation or, in the case of pupfish, environmental
extremes), reproductive fitness is likely a function of petition between conspecific®n the other hand, in
environments where extrinsic mortality is higklection may shifrom competition between conspecifics to
increasing reproductive output. In stable competitive systems, theory predicts that animals should use sexually
selected traits as valid indicators of male quality; while inlighriable stochastic systenamimalswill
becomeopportunistignonchoosy)during mate selection, thus hedging their bets against the possibility of
choosing a male with poor reproductive fitness.
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We conducted aeries ofaboratoryexperiments designed tovestigae the mating sategies of two
populations of White Sands pupfishiginatingfrom stable and variableabitatsto test the hypothesis that
patterns of mortality structured by variation in hydrological disturbance regimes (bigglity = variable
environmen&ndlow mortality = stable environment) drives differences in reproductive behaviors including
patterns of matelmice and reproductive outpW/e predicted pupfish from variable systems would hedge bets
more often resulting in a more even distribution of eggssag@utative mating partners addition, per theory,
we predictegupfishfrom variablehabitatwould increase reproductive output as measured by total egg count
relative to stable populations of pupfish.

Methods:
Fish capture and handling

White Sands pefishwere collectedviarch 2016 usingninnow trapghroughoutSalt Creek at locations
deemedn earlier field studies as variable or stalflish were transported to the laboratory in stream water after
saturatingltie water with pure oxygen ga@nce at tk lab, fish were treated for ectoparasites using a solution
composed of malachigreen and water at a ratio ab0nl/L of water.Pupfishoriginating from different stocks
were maintained in separate aquaria.

To test the hypothesis that reproductivehmging predicts reproductive effort, pupfish were placed into
experimental 22T mating arenas (Figure 1A. pilot study suggested that pupfish nestealdilyon 5x 5 cm
fabric filter material Each arena containddur territories with nesting substeaarranged equidistant from one
another and labeled reladi to the cardinal directionEight males and eight females were randomly selected
from stable and variable populations and placed into behavioral arendsde reproductive behaviors. Prior
experience indicated that once egg laying substrate is offered, male pupfish establish territories and within ten
days, breeding would begin (personal observation of the autAoes)as were covered with a mesh cltith
reduce external disturbance from fow@iffic in proximity to the tanks. Alhrenas were subsequently monitored
for evidence of breeding behavi@sdreproductive data collection beganeaften days for all treatments.

8 Males
8 Females

Male W Male E

Figure 1.The fourbreeding arenaare depicted in the four cirarltanks in the left photdhe right panel
illustrates the experimental design asatat with each breeding tridlithin each arena, 8 male and 8 females
were placed into the breediagena and observed fid day.

Video monitoring

Video monitorhng was conducteda Gopro video camera/ideographywascaptured betweethe 11" and
13" day of theexperiment between 11€500.Cameras were located overhead to allow researchers to see all
territories to assess interacticaraongmalepupfish Nestsite fidelity was determined by observing three
courtship events for each territorial male during the initial trial. Thisdetesrminedy comparing male
courtshipdisplayedoutside ofanoccupied territory to the total number of courtships observedi€ip was
defined as a combination of displaying and copulagients(Table 1).Courtship time (sec) wdhen collected
for each male.
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Table 1 Definitions of behavior analyzed using videography

Behavior Definition

Display A male swims around female in a serpentine
pattern flashing his dark blue lateral coloration.
May be interrupted by copulation attempts
however time spent displayinincludesbetween
the initiation of a display to when the female is
chased off the nesting material.

Copulation Only occurs after displays. Theaie sidles
alongside female over nesting substrate and cl:
just above female vent. Both fish appear to vibr
intensely. Successful copulatisrasjudged as the
final copulation event/attempt before female is
chased off.

Results:
Over the course of the study total 0f693eggs were collecte@f these527were collected from pupfish
originating from wariableor stochastic habitdt.e., Lower SaltCreek) and 66 eggserecollected fronstable
habitat(Upper Salt CreekjP = 0.001/3 =-1.845 Figure 2).Body size of the female pupfish did not differ
between the two stockdn a second series of experimeriigsnalepupfish were switchedetweerbreeding
arenago control for the effectsf potential diffeences in maleeproductivequality. For example, female fish
from stable habitat (USyereswitched with female fish from variable habitat (L®hile the male pupfish were
maintained within their respective breeding areRasm this switching experimentie observed detectable
differences in the average distribution of eggs among males (Figure 3).

Although anecdotal, male pupfish from stable habitat invested more time in courtship display than male
pupfish from unstable or stochastic habitat indi@athat environment influences reproductive behavior (data

not shown).
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Figure 2 Reproductive outpudf White Sands pupfismmeasured by the total number of eggs produced over the
10-day experimental periddom stable angtochastic (variable) habitat.
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Figure 3 The results ofhe White Sands pupfigwitching experiment designed to control for differences in
perceved male quality. Bar graplis SE) represent the mean eggs per dayitegstablished male territories

from stable populations (US) and variable (LS) populationke total number of eggs laid within the original
populations are indicated by the red bar and the total number of eggs laid after switching female pupfish are
indicated in the blue bar.

Analysis

Final data analysis is pending the finalized dataset. didgahy ofbehavior between territorial males
currently under assessmemid will be usedo rank males toescribefactorsthatdetermine male qualitiy
White Sands pupfish

Discussion To date, we have found support for our primary hypothesis that variation in habitat stability can
drive variation in reproductive effoit the White Sands pupfisie surmise thairitationsof dispersal

among pupfist{due to barriers within the habitat) addition tolarge differences in habitat conditions drive
patterns of local adaptatidm populations of th&Vhite Sands pupfistOur research points to the importance of
maintaining population structuwmth the repectivereproductivephenotypehroughout the rangd ®Vhite

Sands pupfish habitathese results not only represent a novel example of the interplay between alternative life
history strategies and sexual selection, but also highlight the importanceco$tanding and manament of

White Sands pupfish populations as potentially locally adapted metapopulations.

Pending verk

Reproductive behaviaxperimentaverecompletedrall 2016andvideography isundegoingfinal analysis
throughobservation and cla#ication Videography shdd be completed by August 201#rom this, ve will
analyzetotal ime spent in courtship, fighting, and defendirgst territoriesWe will use AIC for model
selection tadetermine whether the data support the primary hypottiedisariation in habitat stability can
alter alternative life history strategies, specifically how pupfish determine reproductive output.
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Timing of Reproductive Events and AgelLength Relationships of the White Sands Pupfish as Determined
by Otolith Microstructure
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Status of the ResearchOngoing; we are in the final stages of validating awgk growth of otoliths and scales
across known age White Sands pupfish.

Significance of ResearchWe will provide an age and growth model for White Sands pupfish to accurately
characterize age classucture within populationg:rom these models, one cassess the impact that
environment has on survival and reproduction.

Introduction Otoliths are calcium carbonate structures found behind the brain in bony fishes that are used to
evaluate age structure and growth patterns in fish populations. Retrosp@alysis of age using otolith (ear
bone) increments and scale circuli in fish can accurately reflect the age of fish across size classes. Circuli form
concentric pattern over the year that is related to environmental conditions and resourcasthBaoider
months, fish eat less and grow more slowly and the circuli appear crowded together. In the spring, temperature:
increase and feeding and growth resume to create new circuli that are spread further apart. Annuli are true yes
marks character&d by crowded ridges and a series of cutting over or aarasn be sen on both sides of
the scaleHowever, interpreting this information from otoliéimd scaléncrements requires careful validation of
otolith and scale developmemitknown agedgor fishes of interest. Thus, studies using otoliths and scales as
time-keepers require validation of otolith and scale development during embryogenesis and deposition of circuli
through time. From the retrospective knowledge of age across size classesrenezaragssess full
complement of the age structure within a wild population of fish and from this, assess the timing of important
life historyevents.

While otoliths provide an accurate retrospective summary of time in fish, scales are the preferrddanetho
characterize age because they arelatival, easy to collect, and analyze. However, scale circuli are not
deposited in a consistent temporal pattern as otolith increments. Environmental changes such as extreme wate
temperatures or stressful conditsowill result in false annuli to appear on the scales when the fish stops
growing for a time. These false annuli appear to
annual set of rings (annuli) indicating the fish has passed thi@sgason and has become one year older (see
Figurel). In addition, as a fish ages, growth rate slows and the annuli (annual ring formations) appear closer
together. Annuli from scales of older fish become difficult to distinguish which results in-agidgrof older
fish.

Using scales, Rogowski (2004) reported the age structure of White Sands pupfish included individuals up ta
5 years in age. When one considers the dynamic na
norm for a boonand bust fish. Our goal was to develop an age and growth model usingsceleshal)and
length (mm) to assess the age structure within wild populations of White Sands pupfish. These models will
serve as tools to provide timing of breeding in conjmcivith seasonal cues. Once we have an accurate
understanding of the relationship between agesaaté development, managers will have a better
understanding of the timing famportant life history events in wild populations of White Sands pupfish.

Goal and ObjectivesThe goal of this work will be to develop a model that describes age and growth patterns of
White Sands pupfishErom this relationship, we will model body size with otolith increments and scale circuli

of known age fishFrom this modelwe can predict age and length as a proxy for growth rate, or for using length
as an estimator of age classes in population estintdtas, our objectives are to validate otolith with scale

circuli to understand patterns of growth and the timing of raeptdee and early life stage events in laboratory

bred White Sands pupfish (from eggc larvae through to 100 day pbstch). To assess accurate age of White
Sands pupfish from otoliths, we needed to determine when the first increment is depositezmgnite are
deposited daily, and if deposition rate is constant through time. This information will be used to assess the age
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of fish collected from wild populations and to understand the timing of reprodectres and early life stages.
Unfortunately br the pupfish, otolith analysis is lethal, which is vatgurately assessing age of pupfish
populations must eventually occur ussagles We will answer important management questions that include
the relationship between pupfish age and leagith wherare pupfish reproductively active as determined by
backcalculating spawn dates from otolith age estimates

Key tasks ofprojectin the Fisheries Laboratory and the Fabian Garcia Annex GreenditoNs& Mexico State
University:.

1. Established captive breied and rearing conditions of White Sands pupfish for use in age validation
experiments

2. Developed procedures to process and read otoliths for4micrement data collection

3. Developed protocol to assess the efficac@gr§tetracyclineas amarker in otolihs for batch marking
fish in the wild

4. Validatedaily development o€irculi in otoliths and scales in White Sands pupfish in an outdoor
rearing facility

Progress of Tasks

1. Established breeding and rearing conditions of White Sands pupfish for use in otolitige
validation experiments: Completed

We havesuccessfully bred adyttugfish and obtained egder indoor experimentsince January 24, 201Brior
research demonstrated that fhgfish readily breeds when substrate (cotton filter matting) is pro\adddhe
density of the rearing conditions are reduced to less than 1 g of fishRri2ily stated, ve begarby placing
one male fish in breeding color with two female fish within a 10 L aquarium. Spawning substrate was checked
every 12 hours and wheggs were observed on the mats, they were removed and the time noted. Eggs were
placed in a 1 quart glass jar covered with fine mesh within a 10 gallon aquaria that received aeration and a
submerged pumiw circulate water throughauVaterquality wasmonitored daily to maintain dissolved
oxygen (6.0 mg/L)temperature (25 Gnd slinity (10 pp). All breeding adultseggs, and larvaeere
maintainecona 12:12 photoperiod to simulate summer breeding seddloaggs werdreated with 1.0 ml of
pimafix & an antifungal treatmenf.ime to hatch was monitoradice each day (8:00 am and 8:00 ny
recaded. Immediately upon hatchatval fish werefferedlive Artemianauplii and a 30@00 micron larval
diet. By February 4, 2016, tatal of 150 larval ppfish were obtained fanegg validation studyTask 4)

2. Development of procedures required to process otoliths for microncrement data collection:
Completed

The visibility of the hatch chedltime at which the pupfish hatched out of the @agglery important for both
accurately aging fish and verifying daily deposition @ftetolith rings Therefore, hatch check visibility will
be used as a standard for the processing of all otoliihe.to advancements in sanding and polishing
techniqueswe cefined thehatch checkprimordia (daily) rings and time of yolk sac absorptiomitially
otoliths were embedded too deeply in crystal bondusrtrsandedWe found that using less crystal bond
allows for a more even sanding. In some castedithswereflipped and sanded/polished on both sides to
obtainvisible rings. For otoliths that are more transpararii% solution ohydrochloric acid (HCI) was
effective in darkening rings, thdrngmaking them more definedhe 1% HQ solutionincreased theadinition
of thehatch check antheprimordia Of interestyariability was observed in the visibility of the daily rings
among populations. These otoliths required additional work with the HCI treatment and flipping for additional
sandingWe have beesuccessful iobtainingquality photos of otoliths and a scale baftects the size of the
otolith for aging. It should be med that few biologists can report the successful removal and preparation of
otoliths 200 micron in size.
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3. Protocol adaptation and validation of Oxytetracycline marking experiments used in otolith age
validation: Completed

In apreliminary studywe developed the protocal assesthe use of dluorescing dye as a batch mark for
White Sands pupfisfield researchTo this endfive adult pupfish weréreated withOxytetracycline (OTC)
January 192017using protocol developed IState fisheries biologists (New Mexico Department of Game and
Fish). Briefly stated, ish were heldn the Or'C bath forthe recommendefur hours, remeed and returned to
their original tankin the fisheries laboratoryrhese fish weréhencared forup to four weeks in thiaboratory
to determine the time it would take for the OTC tarim®rporated into the otolitfhe otoliths were removed
and prepad as described in task\We used UV light within a phase contrasting light microscope (200x) to
view thefluorescingOTC mark on the otolith(see photo)From the pilot study, we learned the OTC mark in
the otolith was nearly too faint to be seeith UV light microscopy.To enhance the mark would require either
a higher concentration of OTC omiger exposure in the OTC baBoth options would have resulted in death
of thepupfish given that OTC can be toxic at higher concentrations. In addition aotingpa fluorescing color
to otoliths, the chemical is used to treat a broad spectrum of bacteria and can be toxic to fish at high
concentrations. As such, we halrepped consideration of OTC as a batch mark in White Sands pufvgsh.
noted the OTC marwaslaid down across more than one cirauithin the otolith,which indicates the fish
retains the OTC in the endolymph of telithic sac for several days which precludes OTC as a mark for
accurately aging pupfish.

OTC mark

Photo of pupfish otolith uner light miscroscopy.
Photo of same pupfish otolith under UV light.
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