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ABSTRACT
We evaluated the effects ofrepeatedhoopnet sanrpling and subsequenthandling

on the endangaed bonytail chub (G/a elegaw) to determine if these sampling techniques
cause increased mortality or reduce fish gowttr. A total of 327 bonytail chub was tsgg€d
with passive integrated transponder (PIT) tags and placed in a 0.04 ha pond on July 2fi)3.
Thcsc fish were sampled with hoop nets during four, threeday sampling evcnts, two in
fall (September-October 2003) and nyo in spring (June 2004). Fish were measured and
weighed with the time required to complete all steps for processing an individual fish
bcing recordcd. Individual fish were handlcd from onc to eiglrt timcs drning the study,
with >95olo recaptured five or fewcr times. Fish that wer€ rccaptured multiplc times grew
less in length (P<0.001) and weight (P<0.001) than fish that were not recaptured. Fish
recapturcd up to five times grcw only 12.8o/o of their initial weigbt compared to fish not
recaptnred which grew 29Jo/o of their initial weight

INTRODUCTION
Sampling and handling fish arc critical in detcrmining characrcristics of fish

populations, but sampling practices should ky to rninimize irnpacts on lish commrmities.
This is particularly tnrc for rarc and endangcred spccics (Rahel et al. 1999). Rescarchcrs
genualty assum€ that handled fish suwive and behave normally aftcr release (Kelsch and
Shields 1996), but recently non-lethal capture methods such as electrofishing havc been
shown to cause injurics and even death (c.g., Sharbcr and Carothcrs l9EE, Hollimm et al.
2003). Hoop nctting is also considercd a non-lethal sampling technique Gfub€rt 1996)
and little attention has been givclr to the effcts of this gcar typ€ on fish.

Repeated handling (e.g., weighing measrning; taggrng) is necessary for many fish
studieg partiorlarly when mark-recaptue experiments arc used to estimate population
sizg fidr growth, and movement (e.g., Douglas and Marsh 1996, Gorman and Stme
1999). lvlany studies have examined the shess response in fish (rwiewed by Wcdemeyer
et al. 1990), and all asp€cts of sampling including capturc, handling confinement, and

time out of water can cause reduced growttr (Aboul Hosn et al. 2000), stuess, and possibly

mortrlity (Kelsch and Shields 1996, Stickney and Kohler 1990). Holvwer, physiological
responses of fish to handling from sampling can vary with the type of gear and
tcchniques uscd to capture fish (Kelsch and Shields 1996). The effects of sftss can be

cumulative (Wedemeyer et al. 1990), and even standard handling proccdures such as
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leasuriry an{ weighinq fish mayrcduce growth and condition (paukert et al. 2ml).
Traumatized fish can cxhibit abnonnal pnlsiotogical, behavioral', and ecological
responsel that defeat study purposcs (Nickurr tigg), and delayed mortality-as a result of
handling can occur hours or days l*er (Kelsctr and Sniens l9i6).

The objcctivc of this study was to detcnnine thc effects ofrcpeated hoop nating
and handling on hatchery-rearcd bonytail chub (Gila elegaw). we also wantedto
detcrminc thc time rcquired to process individurl fish in the ficld to determinc if thqe arc
timc consuming processe (e.g., weighing measruing tagging) that could be minimizcd
that may incrcase fish stress and rcducc fish grou/th.

rhree hundred *."rrff?"?,joffi"i$ffi tnuor ( r 0 r - r T3 mm totart:l$l were tagged in the abdominal cavity with 400 Ki-lz passive integrated hansponder
(PIT) rags, measured for total length (TL) and fork length 6t ), r"eighe4 and ptaceo into
l qall (0O4 ha) pond located at the U.S. Forest Service Rocky Mormtain Resiarcn
station in Flagstaff, Arizona on July 2t,2003. During the next two wccks, daily
inspections ofthe pond were conductcd to dcterminc mortalities. Subsequclrt field
sampling consisrcd of fish being handled during four, three-day sanpling cvcnts, onc
each in Scpt€rnbff and October 2003 and two in June 2004. Six unbaited hoop nets (0.9
m diametcr x 1.54 m long x 9.5 mm mesh) werc placed in the pond and set ovirnigtri 1tO-
22 h). Nets were lifted and all fish were piaced into a tg-l uultet with water and-
hansportcd to thc handling station near the pond bank. Fish were then neasutrd CIL and
FL)' weighe4 scanned for the prcsencc a Pit tag and released back into 0re pond-. ^lllcaptured fish werc inserted with a second PIT tag of a different frequcncy 0t4.2I(Hz).
In subsequcnt rccaptures, fish taggd with a 1342 KHz pIT tag didnot receive and
additional tag but they wcre scanned for both the 4{x} and 134} KrIz tags.

Personnel with at least one year of experience in handting and plT-tagging
conducted all IiSh processing. In addition to length, weight, plT-tagging number, and
gencral extemal characteristics for all rccaptured fish, for 123 fish from 26 nct scts, total
proccssing and handling time as well as thc times for each individrrsl mcasurtment wer€
recorded. Nets were res€t and fish proccssed each day for a total of three consecutive
days. Thc pond was drained in ruly 2004 and all fislrwcre measure4 wcighed, and
scanned for PIT tags. Those fish that were never recaptured were consideied as contrcls.
All other fish were categorizcd by thc mrmbcr of times thcy wcre rccapfrred during the
orperiment (i.e., onc, two, three, etc. recapturcs). Grorvth in length was mea$rcd by
subtracting FL at thc initial stocking frorr FL at the harvest Growth in weigftt was
calculated similarly.

An analysis of covarianca (AI{COVA) was used to determinc if meaq growtll in
FL and weight of fish recaptured multiple times differcd from the FL and weight of thc
contol fish. Since not all fish were colleoted during wcry sampling event, a rcpcated-
measur€s analysis of variance was not appropriate. 

-Regrission 
anatysis was used to

detcrmine if mean percentagc of growth (i.e., gronrth in lengrh or wcighUinitial le,ngth or
weight x 100) was related to the number of timcs fish werc rccapturcd and handled"

rherc wcre 26 nsh #:iJ"Jl,ffi?:i:yi:j?il pond. orthose nsh that
die4 12 fish were handled at teast once and than subsequently died and 14 fish dicd
without errer being recaptured. Of the 12 fish that wcre handled and then l*cr die4
seven w€f,e handled only oncg for were handld twicc ovcr one three-day period, and
one was handled three times ovetr a twoday pcriod. This suggese that mortality was



independent of handling. The mean numbcr of bonyiail chubs collected pcr wemight net
set was 7.9 (SE=l.l) in 79 net sets.

Individual fish were handled from one to eight times during the study. Horever,
only five or fcwcr fish werc handled six, scvcn, or eiglrt timcs; thcsc fish werc thus
excluded from further analyses. Fish recaptured multiple times grew significantly less
ttran unhandled fish (AI{COVA, F=4.E3, DF=5,2t2, P<0.001). Fish handlcd five times
grcw an averagc of 5.7 mm FL (SE=0.52) comparcd to fish which were not rccaphucd
which gfew an averag€ of 10.9 mm FL (SE=0.69) over the I l-month p€riod. Fish not
rccaptured grew on average 9.5% of their initiat body length, whereas fish recaptrued live
times grar 4.E % ofthcir initial body lcngttr (&0.94, P<0.002; Fig. l). Weight gain also
deoreased with increased handling. Fish not rccaptured grew significantly morc
(mean=4.75 g SE-0.46) than fish handled fivc times (mean 1.1 g; SE=0.62; ATICOVA
F=5.33, DF=5273,P<0.001) over an I I month period. Fish not rccaptur.€d gained in
weight an averagc of 29,7o/o (SE=3.1), whereas fish rccaptured five timcs gained on
averagc only l2.to/o (SE=5.84)(l=a.86, tsO.OOE; Fig. 1).

The continued decline in growthwc obsenred with succcssiye recaptrrc events
indicates that declines in growth were likely the effccg of repeatcd capture and handling
and not by PIT tagging. Since all fish were PlT-tagged, thc diffcrence in fish treatments

was the number oftimes the fish werc recaptured. These results are consistent with other
stndics on PIT tagged fish which found minimal impact of PIT tags on various specics of
fish (Prentice et al. 1990, Jenkins and Smith 1990). Recentwork on bonytail chubs also

indicates minimal effects of PIT tags unlcss fish wcrc fed prior to tagging (Childs 20V2).

Ward (2$3) evaluatcd swimming performance of bonytail chubs in the laboratory and

suggested that normal handting procedures (weighing; measuring and inscrtion of PIT
tags) did not affect swimming ability. Propcr taggrng techniques and thc choice of an

appropriate mar*ing program can minimize handling and tagging risks (Guy et al. 1996).

Howcver, thc cumulative effecB of tagging and successive handling unquestionably
affected fish gron'th. It is not known if this level of reduced growth of individual fish

'{.2

Number of times fish were recaptured

Figrne l. Mean percentage of length and weight gain (100 x [harvasted size - initial
size/initial size) for bonytail chubs hoopnetM and rccapturcd up to five
timc, Septcrnb€r 2003-July 20(H. Bars rspres€nt one stondard crror. The
numbcr of fish in each group is shorvn above the x-axis.
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may lead to biologically-significant population effects. We did not measuno tho cffects of
increased handling on other factorr such as reproductive sucoess or sizc-relatcd
diffcrenccs in handling. Howwer, tertiary effects of reduced gFowth have been shown in
othcr spccics to lead to reduccd rcsistance to disease and reproductive success
(Wedcmeyer ct al. 1990).

Fish wcre handlod for mean totnl time of 479 to 505 s, dcpcnding on if &c fish
necdcd to bc PIT tagged (Iablc l). Initial proccssing rvhich included thc timc rcquired
to lift the net from the watcr, place the futritr a bucket, tansport thc fish to tho
processing arca, and hold cach in the buckct until furthcr processing averagcd 4?A436 s,
which was 86-89% of the total handling time. Only 55 to 69 s w€re needcd to scan the
fish for presencc of a PIT tag, mcasure TL and FL, weigfu ttre fish and insert a new PIT
tag. Of the 55 to 69 s, 48-5t% of that time wrs spcnt scanning fish for the presence of a
PIT tag. Even with efforts to streamline procedtuos so that the amount of time fish were
ottt of ttreir natural environment was minimized, our results indicate that repcated
hoopncning and handling may affct individual fish growth. Furthcr study of the
physiological and reproductive impac* caused by rcpcatod handling using lroop nets and
other non-lethal gears (e.g., trammel ncts, Paukert 2004) is needed to better assess
population-lwel impacts of repeated sampling on bonytail chub, sincc undcrstanding thc
effects of sampling is essential in designing successful biological monitoring programs.

Table l. Mean time (s) and standard error (SE) rcquired to process bonytail ctrub liom
initial lifting of the net from water to final release of fish. Tagged fish already
had two passivc integrated transponder (PIT) tags and were thereforc not PIT
taggedagain.

Untaggcd fishN=E8 Tagged fiqhN:35
Meantime (s) SE Mean tima (s) SE

Net lift and time in bucket
PIT-tag scanning
Measuring
Weighing
PIT tagging

436 50
333
12 I

424 36
32 I
t3 I

71102
173

Total time from net lift to releine 50i 50 479 36
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