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ln a l2-ycar sudy involving l9l rdiotractcd Mcrrirm's tengarm ras ad 337 subotnneous radio implantations, females
werc lillcd by predaron at e rarc of 0.0054 pcr radiobcaring night and mdcs ar a ratc of 0.0116. Both thc rnona.liry rare
ud Oc scr differcncc thcrcin dcclincd over thc coursc of scveral nights aftcr radio implantation. Females rcduccd their excur-
sioru fmm thc day burrow for thc firsr few nights after radio implanntion, whcrcas nnlcs cxltibitcd linle if any such inhibition
of rmvenrnt. This scxually differrntieted betrrvior.rral rcponsc to thc tnnsmincrs is a likcly sourcc of thc scxually diffcren-
riated mondiry poncnur.
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Delr ' .  M.. Wtt-sox, M. 1., BrnneNos. P. R., et J^coBs, L. F. 1991. Sexuall l ,di f f 'crcntiatcd cffccts of radio transnrirrcrs
on predation risk and behaviour in kangaroo rats Dipodomt's nterriami. Can. J. Zool. 70 : 185 I- 1855.

Au cours d'une erude de l2 ans pendant lesquels l9l Rats-kangourous de Merriam ont dtd suivis par radio et onr subr au
total 337 greffes sous-cutan€es d'imeneurs radio, les femelles avaient un uux de monalite du aux predateurs de 0.0054 et
les mdles. de 0.0116 par nuit  de pon d'6meneur. | 'e taux de monali t i  et son caractdre dimorphique ont diminud progres-
sivement au cours des nuits de pon de radio imeneur. [ .es femelles ont fait  moins d'excursions hors de leur terr ier dc jour
au cours des premidres nuits aprbs l ' insul lat ion dc l ' imeneur, alors que les nr: i les n'ont pas manifeste d' inhibit ion de leurs
ddplacements ou alors tris peu. La rdaction differente des mAles et des femelles i la prisence d'un imetteur esr une cause
possible des patterns diffdrena de monalitd chez les miles et les femelles.

ITraduit par la rddaction]

Introduction

Radio tracking provides a unique window on the behaviour
of cryptic animals in the field. The value of this technique is
compromised, however, if the rransmitters affect the study
,rnimals, especially if researchers are unaware of such effects.

The most popular technology for radio tracking small mam-
mals (weighing less than about 60 g) entails artaching a l- ro
3-g package containing a radio transmitter and battery ro the
animal, by collar (e.g., Webster and Brooks 1980; Ormisron
1985; Schroder 1987; Poul iquen er al .  1990; Douglass 1992),
subcutaneous implantation (e.g., Rawson and Harrl ine 1964;
Daly et al. 1990), intraperitoneal implantation (e.9., Smith 1980;
Madison et  a l .  1985; Gaul in and Fi tzGerald 1988),  or  g lu ing
to the fur (e.g., Brooks and Banks l97l). Researchers address-
ing the question of possible impacts of such radio packages
(e.g., Smith 1980; Webster and Brooks 1980: Madison er al.
1985; Ormiston 1985: Pouliquen et al. 1990: Douglass 1992)
ir;rvc gencrally found only slight. transient effecrs on bchaviours
such as whecl running or opcn-field aclivity. and no dctecrable
effects on survival. None have reportcd sexually differenriared
effccts of radio-transminer artachmcnt.

Unfonunately. most studies have lacked either the numbers
of subjccts or thc time nccessary to achieve the srarisrical
power that would impart a high probabil iry of detcctinc even
quite large (e.g., twofold) cffects on such rare evenrs as preda-
tion death. so thc conclusion thar radio artachment does not
affect survival is prcmarure (see Whire and Garrorr 1990,
pp. 28-35). Here we present evidence of sexually differcn-
tiated effects of radio transmitters on behaviour and on prcda-
tion incurrcd by kangaroo rars during a l2-year study.

l\Iethods

Wc radio trackcd nocrurnal dcscn{r,r 'cl l ing Mcrriam's kangaroo
rals (Dipodontts ncrrioni\ at thc Bovd Dccp Can;-on Dcscn Rescarch
Ccntcr. Palnr Dcscn. California. for pans of each vear from Deccm-
bcr 1980 to Dcccmbcr 1991. For a descriprion of rhc Boyd Rcservc
scc Zabriskic ( 1979). and for a dcrailcd dcscriprion of our srudv sirc
and field mcthds scc Bchrcnds cr al. (t986a) and Daly cr al. (1990).

During this srudy. rhcrc u,erc 337 cpisodes in u'hich a radio-
transmitter package was subcutancouslf implantcd in a kangaroo rat
and it was rclcascd in rhc ficld and radio rr:rckcd. Subjccr animals
wcrc capturcd in Shcrman rrapson a l-hu squarc grid of l0O rrap sircs
(sec Daly ct al. 1990 for rrapping rcgimcs) and rransponcd 1.3 km
to thc laboratory. whcre radios *.crc implantcd undcr kctanrinc'
anacsthcsia (0.8 mL/kg). We ucrrcd a snrull area of fur abour 2 cm
latcral to thc dorsal midlinc. madc an incision about 3 cnr long.
inscncd thc lransmirrcr. adjustcd its position ro avoid pressing on thc
spine. and applied sulfa powder ro rhe wound and closcd it '*,irh rwo
to four small wound clips. The inrrapcrironealll, injccrcd anaesthcsia
took full effect in less rhan 5 min. and rhe ooerarion rhen consumed
about 4 min. Animals were rl,picallv uprighr and acrive in rhcir hold-
ing cages wirhin 30 min afier rhc inirial injccrion.

We used "nrousc-srylc" rransmirrers (AVM Insrrumenr Company,

Dublin, Calif., and Custom Electronics, Urbana, Il l .) soldered to a
hearing-aid banery, "potted" in eproxl' and thinly coated in beeswax
lo make a smoolh package weighing 2.0-3.6 g. Subjecrs of the 337
implantation episodes were I9l individual kangaroo rats. ?3 of whonr
were implanted more than once. When init ially implanted. females
weighed 34.? t 0.1 g (mean J SE: range 28-45: n : 911and males
weighed 38.2 t 0.1 g (range 30-46: n : 94). The radio package's
weight constituted a mcan of '7.4% (range 5- l l%) of the animal's
body u,eight.

ln 212 of the 337 implantation episodes, thc aninral r.r,as released
on the night of implantation, between I and 3 h aftcr recovering from
anaesthesia: in the other 95 episodes. release was delayed unti l the
ncxt eveningi, betwcen l6 and 23 h afier implantation. Durations of
radio-bcaring by individual kangaroo rats ranged from a nrinimum of
less than 6 h between releasc and death by prcdation to a maximum
of 281 radio-nights and 9 implantation episodes ovcr a 39-month
period. The mcan duration of the 337 episodes (i.e., t ime from
implantation to radio removal or death) was I9.8 days.

Behavioural measures in our srudy were dcrived from daily location
of thc radio-bcaring animals' day burrows. irom schcdulcd hourly
nocturnal locations, and from direct obscrvation undcr dinr hcadlanrp
il lumination durinc schcduled focal follows (Bchrcnds ct al. l986rr,
19860: Daly et al. 1990).

Results

Fifty-two kangaroo rats u,erc preciation victims *'hilc bcar-
ing a radio (Tablc l). Malcs suffcrcd nrorc than tu'icc thc death
rate of females (Z : 0.0O+ bt' binomial test). Thc identity of
the predators. characteristics of the victin.rs, and circumstances
of predat ion are descr ibed in Daly et  a l .  (1990. 1992).

Rates ofdcath b;, predation varied as a function of the tinrc
sincc radio implantation. u,ith both scxcs. bur espcciallv
males. being cspecially vulnerablc during thc first few nichts
(Fig.  l ) .  Combining the sexes. thc prcdat ion ralc of  0.0137
per night durins thc first 4-day block significantly cxccedcd
the rate of 0.0063 for all subsequent days (p : 0.008 by
binomial  test) :  moreovcr,  the predat ion ratc of  0.0101 dur inq
the second 4-day block was more than twice the rate of 0.0053
for all subsequent days (p = 0.051 by binonrial test).

It is diff icult to assess the effects of bearing a radio on
behavioural measures in the absence of comparablc data fronr
animals wi thout radios.  As u, i th predat ion.  hou,evcr,  thc
influence of the radio is apparent in the fornr of changes over
time after radio implantation. Kangaroo rats. espcciall l '  fenralcs.
exhibited somc init ial suppression of aboveground activitv
whcn newly radio implanted (Fig. 2). For females there u,ere
160 implantation episodes in u,hich nocturnal radio data were
collecled in each of the first two 4-day blocks. The proponion
of scheduled hourly nocturnal locations in which the female
was away from her day burrow increased between blocks in
103 cases, decreased in 48 (p < 0.001 by one-tailed sign
test), and remained unchanged in 9; moreover. this proportion
increased monolonically across six 4-day blocks (one-tailed
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TlsLe l .  Summary stat ist ics on kangirroo rats r ld io t r lckcd ut  a Cul i fornia l lc ld s i rc.
1980- l99l
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t85- l
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No. radio impl lntcd morc than once
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Ftc. l. Predation ratcs upon radio-implanted kangaroo rats as a
function of thc victim's sex and of the time elapsed since radio
implantation. The figure is based on 53 prcdation deaths und 337
radio implanotions bctween 1980 and l99l . The broken line represents
the estimated predation rate on unimplanted animals (see text).

p = 0.001, using rank correlat ion as a t rend test) .  A s imi lar
response was less pronounced in males. The proponion of
locations outside the day burrow increased from the first to the
second4-day block in 6l cases, decreased in 49 (p : 0.15 by
one-tailed sign test), and remained unchanged in 4; this propor-
tion also increased significantly across 4-day blocks (one-tailed
p = 0.008, using rank correlation as a trend test). The 103:48
division berween females who increased versus decreased
their extra-burrow activity differs significantly from the cor-
responding 6l :49 div is ion of  the males ( f  :  4.44, df  = l ,
p = 0.03).

Discussion

Estimation of the overall impact of radios on survival depends
on estimation of the death rate incurred by control animals. A
gross estimate is provided by the observed year-to-year sur-
vival of kangaroo rats when not radio implanted. During
annual winter rrapping seasons (within 5 weeks of the winter
solstice), there were 153 instances in which kangaroo rats
were trapped on our grid in a given year and released unim-
planted. so they might have survived unti l the next winter.

1-4 6-8 9-12 13-16 17-20 >20

No. of doys since rodio implontotion

Fto. 2. The probability that a radio-implanted kangaroo rat would
be outside its day burrow ar the time of a scheduled nocturnal radio
location, as a function o[sex and trme elapsed sincc radio implanation.
The tigure is based on 25 852 nocrurnal radio locations (scheduled no
more than once per hour) and 137 radio implanrations berween 1980
and 1991.

Fifteen of 72 females (0.208) of 20 of 8l males (0.247) were
recaptured the next year. These proportions constirute mini-
mum estimates of the numbers of females and males actually
surviving from year to year, for although there is no evidence
that adult D. merriami disperse or become trap-shy, so that
survivors would have gone undetected, these possibilities can-
not be eliminated. The daily survival rates that would produce
"annual" survival (actually an average requisite survival of
330 days) rates of 0.208 and 0.247 are 0.9953 and 0.9958,
respectively (i.e.,0.208 : 0.9953310, and0.247 : 0.995819.
Hence the estimated daily "death" (disappearance) rates for
unimplanted animals are 0.0047 (1.0 - 0.9953) for females
and 0.0O12 (1.0 - 0.9958) for males, a nonsigniticant differ-
ence. Other data sets confirm nearly idenrical survivorship of
the sexes in this species (e.g., Zeng and Brown 1987), and
remarkably similar male and female life tables appear to be
characteristic of the genus Dipodomys (see references in Daly
er d. 1990).

Combining the sexes, the observed daily dearh rare for
radio-implanted kangaroo rats (0.0078) was I .7 times the esti-
mated daily dearh rare of nonimplanted animals (0.0045).

1.0

=
:  U.U

b
6 U.O

o

'=
? nt
; v.-

:
o

'=

0.0



l l i5 l ( . . \ \  i  / . {x) l -  \  ( ) l  - ( }  lwl

Accordine to this estintation pr()ccdure. excess mortalit l , u,as
lncurrcd mainly by males: the observed death rare of radio-
bearing females (Table l) was only l. l  t imes rhar esrimared
for nonimplanted females. whereas rhe observed death rare for
radio-bearing males was 2.7 times that estimared for non-
implanted males. Such estimation of the excess risk associated
with radio implantation is problematic for several reasons,
however. Daily death rates are unlikely to be invariant through-
out the year: radio-implanred animals were often rhose most
reliably trapped and (or) cenrrally located rather than a random
subset; and unimplanted animals may survive better than
retrapping data reveal. Conclusive evidence for an effect of
radios is therefore not to be found in the gross predation rate
but rather in the temporal patrern of changing predarion risk
shown in Fig.  l .

We doubt that the temporal parrerns portrayed in Figs. I and
2 can be attributed to rrauma from the implanting procedure.
Extensive laboratory experience indicates that the effects of
ketamine anaesthesia have fully dissipated within a few hours
at most. and incisions heal in less than a day, yet postimplanta-
tion effects extended at least inro the second 4-day block. One
possibil i ty is thar rhis remporal patern reflects a gradual
process of kinaesthetic accommodation to the subcutaneous
transmitter load, with attendant gradual recovery of maximal
speed and agil ity. (As open-habitat foraging specialists, kan-
garoo rats probably rcly less on crypticiry and more on agil ity
to escape predators than do most rodents: see Nikolai and
Bramble 1983.) Our subcuraneous implants usually sertled inro
position away from the animal's midline, so the load's asym-
metry may havc exacerbated rhc task of accommodating ro it.
l f this is so. othcr transmitrer attachmcnt procedures that dis-
tributc the load more symmetrically might permit more rapid
acconrmodation, Howevcr, collars havc sometimes bcen found
to supprcss acrivirl, for several days after anachmcnt. too
(c.9. .  Hamlcv and Fal ls I975. Websrcr and Brooks t980).  Thc
hypothesis of gradual kinaesthctic accommodarion can bc
assesscd with caprivc animals. bur this wil l rcquirc fincr
bchavioural mcasures than havc hithcrto bccn cmploycd.

Rcscarchcrs caqcr ro affirnr thc uri l i ty of radio tracking arc
oftcn tempted ro asscrr thc null hyporhcsis thar the proccdurc
is neutral  (Whire and Garrorr  1990).  Poul iqucn er al .  (19901.
for cxamplc. concludcd that "thcrc \\,ere no adversc cffccts. . .
on sun,ival" on thc basis of a srudy involving fewer rhan 200
animal-days of radio bcaring in rhc ficld. and Douelass ( 1992)
suggcstcd that ..telcmetry technigues sccm to have litt le ne-ca-
tive effect on survival of rodents" on thc basis of evcn feu'er
animal-days. Hou,evcr. predarion is a sufl lciently infrequenr
event lhat evcn quite large effccrs upon the rate at which it
occurs could escapc detecrion by such proccdures. For example.
in the present study. radio-implanrcd kangaroo rats incurred onc
predation death per 128 animal-days of radio bcaring: if this
rcpresenled a doubling of prcdarion risk (a ver;, large effecr).
one would need a dara set containinc thousands of animal-davs
u'ith versus u,irhour radios to dcm-onsrrare the cffcct signii l-
cantly. Thus. the fact that rhc present study denronsrrated
effects of radio implantation on death rares. u,-hile others havc
demonstrated no iuch effecrs o[ radio collaring. cannot bc
taken to impl1, that collars are relatively benien. More srudy
is needed.

The sex difference shos,n in Fig. I secms ro imply thar
radios raise the predation risk solely or more extremely in the
case of males. Daly er al. (1990) nored thar the sex differencc
in the monality of radio bcarers seemingly conrradicts sur-

vrvorship data from both this and other studics ol D. tncrr ianti  .
Doubting that the radios could be more burdensome to the
larger sex. Daly et al.  (1990) hypothesized that death rates of
males exceed those of females before and earl1, in the breeding
season, when our radio-tracking effons have been concen-
trated, and that sex-dif ferenrial mortal i ty is reversed later.
However, the present analyses suggest that excess male ntor-
tality may indeed reflect a diff'erential influence of radios afier
al l ,  at least in part:  females manifest an increased cautiousness
while adjusting to the novelty of an implanted radio, whereas
males show l i t t le such effect (Fig. 2). This sexually dif feren-
t iated behavioural response to the transmirters is a l ikely
source of the sexually dif ferentiated mortal i ty patterns por-
trayed in Fig. L
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