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ABSTRACT: Following the 1993 hantavirus pulmonary syndrome (HPS) epidemic in the south-

western United States, mammalogists and epidemiologists instituted long-term studies to monitor
population density and prevalence of infection in rodents which constitute the reservoir for Sin
Nombre virus (SNV). In this study, field techniques used in sampling small mammals for SNV

infection were evaluated to determine if trapping and handling protocols were having significant

effects on future trapability or mortality of animals. We compared rodent mark-recapture control
plots, on which all rodents were simply measured, marked, and released on site, with experimental
plots on which all animals were anesthetized with methoxyflurane, sampled for blood and saliva,

measured, marked, and released. Blood samples were obtained from anesthetized animals on the

experimental plots via a retro-orbital sinus puncture using a heparinized capillary tube. Dacron
tipped oral swabs were used to collect buccal cells and saliva from the rodent’s oral cavity. Field

data were collected monthly from August 1994 to August 1996 at two sites in New Mexico (USA).
Analyses were based on 3,661 captures of 1,513 individuals representing 21 species from three

rodent families (Rodentia: Muridae, Heteromyidae, Sciuridae) and two species of rabbits (La-
gomorpha: Leporidae). Overall, for most murid rodents (including five Peromyscus spp., Neotoma

albigula, and Onychomys leucogaster) and one rabbit species (Sylvilagusfioridanus), the handling!
bleeding procedures had no significant effects on recapture rates or mortality. In contrast, several

species of heteromyids (Dipodomys ordii and Perognathus flavus), one murid (Reithrodontomys

megalotis) and one leporid (S. auduboni) suffered higher mortality rates, and heteromyid kan-
garoo rats (D. ordii and D. merriami) exhibited lower trapability as a result of the anesthesia and
sampling procedures. In view of the overall non-significant influence of the sampling procedures

on murid rodents, the anesthesia and blood/saliva sampling protocols described herein appear to
be appropriate for hantavirus research, and may serve as a model for environmental monitoring

of other zoonotic agents and their reservoirs.

Key words: Hantavirus, mark-recapture, Methoxyflurane, Peromyscus spp., rodent popula-
tions, Sin Nombre Virus, zoonosis.

INTRODUCTION

Rodents are known to carry and trans-

mit a number of zoonotic agents, many of

which are actually or potentially fatal to

humans (Childs et a!., 1995; Gage et a!.,

1995); for example rodent-borne hemor-

rhagic fever viruses annually are respon-

sible for over 100,000 cases of human dis-

ease worldwide. Considerable scientific ef-

fort has been devoted to understanding

the epizootiology of rodent-borne viruses

in hopes of developing more effective

strategies for disease prevention. While

significant progress has been made over

the last several decades in the identifica-

tion and epidemiology of rodent-borne

diseases, there exists today a need to ex-

amine the long-term interactions among

rodent population dynamics and environ-

mental factors in relation to zoonoses. To

date, longitudinal mark-recapture studies

have made important contributions to our

understanding of the epidemiology of oth-

er rodent-borne hemorrhagic fever viruses

(Childs et al., 1987; Mills et al., 1992,

1994), and recent outbreaks of newly dis-

covered hantaviruses have led to an in-

crease in such studies.

In the spring of 1993, an outbreak of

hantavirus pulmonary syndrome (HPS) oc-

curred in the southwestern United States.

Thirty-four human cases were recorded

with a mortality rate in excess of 50%

(Centers for Disease Control and Preven-
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tion, 1994a). The virus responsible for the

HPS outbreak was a previously unknown

species of the genus Hantavirus (family

Bunyaviridae), now named Sin Nombre vi-

rus (SNV).

A variety of murid rodents (Sigmodon-

tinae) are the primary hosts of hantavirus-

es, and hantavirus/host associations appear

to be very specific, with closely related res-

ervoir species harboring different species

of Hantavirus. For example, the white-

footed mouse, Peromyscus leucopus, is

known to harbor the New York-i virus,

while another related species, the harvest

mouse (Reith rodontornys me galotis), is

host for Hantavirus-ELMCV (Hje!le et a!.,

1994a; b). Comparisons of phylogenetic

trees among these viruses and their rodent

hosts have shown the branching patterns

to be virtually identical (Schmaljohn and

Hjelle, 1997). The primary reservoir of

SNV, the deer mouse (Peromyscus inani-

culatus), is found throughout much of

North America (Hall, 1981), and appears

to be infected with SNV over a consider-

able part of its range (Kaufman et a!.,

1994; Douglass et al., 1996; Mills et a!.,

1998). Additional murid rodent species

may be infected (Childs et a!., 1994; Cen-

ter for Disease Control and Prevention,

1994b), although seropositive results re-

ported in other species may be the result

of incidental, non-contagious infections

rather than a natural part of the SNV life

cycle.

Given the large number of rodent spe-

cies involved with HPS and other rodent-

borne disease, any field sampling program

should employ techniques appropriate for

a wide range of small mammals. The reli-

ability of rodent-zoonosis monitoring pro-

grams depend on accurate field data, and

would be compromised if field techniques

and study design (i) produced biased re-

sults, or (2) were statistically insensitive to

spatiotemporal dynamics of rodents and

their diseases. In the case of the rodent!

hantavirus monitoring program in the

Southwest, field sampling efforts of ro-

dent-borne zoonoses were based upon re-

peated live-trapping of wild rodents. Cap-

tured animals generally were anesthetized

and underwent considerable handling dur-

ing blood and saliva sampling procedures

prior to being marked and released. These

procedures may have produced unintend-

ed effects on survivorship and subsequent

trapability of the rodents, which, in turn,

would bias the results of the density esti-

mates and reduce accuracy of the moni-

toring program’s results. In view of these

potential problems, the purpose of this

study was to evaluate trap data from the

first 2 yr of the SNV/rodent monitoring

program, and test the null hypothesis that

the rodent handling procedures for sam-

pling blood and saliva caused no significant

differences in future trapability or mortal-

ity of the rodents when compared to ro-

dent populations not subjected to anesthe-

sia and blood/saliva collection.

MATERIALS AND METHODS

For our analyses, we selected two sites in
New Mexico that were part of the CDC rodent!

Hantavirus monitoring program. The first was

a desert grassland site located 90 km south of
Albuquerque, on the Sevilleta National Wildlife

Refuge, Socorro County; New Mexico, USA
(34#{176}21.3’N, 106#{176}53.1’W, Elevation 1,465 m).

This study area was dominated by one-seed ju-
niper �Juniperus ruonospernia), honey mesquite

(Prosopis glandulosa), and a variety of desert
grasses (Sporobolus spp. and Bouteloua, spp.).

The second site (Placitas) was a pi#{241}on-juni-
per woodland site located in Sandoval County

in the foothills of the Sandia Mountains, Cibola
National Forest, approximately 30 kni north of

Albuquerque, New Mexico, USA, (35#{176}16.7’ N,

106#{176}18.6’W, Elevation 1,830 m). This area was
dominated by pi#{241}onpine (Pinus edulis), one-
seed juniper, and blue grama grass (Bouteloua

gracilis).

At each study site, three permanently-

marked trapping webs were established (An-
derson et al., 1983; Buckland et al., 1993). The
trapping web design was selected over the
more traditional trapping grid because accurate

absolute densities (number of animals per ha)
could be estimated from the distance data gen-

erated on the webs, and because the estimation
procedures required few assumptions about

capture probabilities and animal movement
patterns (see Buckland et al., 1993 for detailed

discussions). Accuracy assessments of density
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FIGURE 1. Diagram of trap distributions on a

trapping web used in the rodent/Hantavirus monitor-

ing program. Darkened circles show sites where both

a Sherman#{174} and a Tomahawk#{174} trap were located; all

other sites contained only one Sherman#{174} trap. The

first four trap stations were at 5 m intervals from the

center, and the last eight stations were at 10 m in-

tervals. Tomahawk#{174} traps were placed at 50 and 100

m from the center of the web. Total web diameter

was 200 m (3.14 ha).

estimates using trapping webs in both comput-
er simulations and field studies have shown ex-

cellent correspondence between actual and es-
timated densities of organisms (Wilson and An-

derson, 1985; Parmenter et al., 1989). Each
web consisted of 12 radial 100 m long lines of

trap stations, with each line having 12 stations
(Fig. 1). The first four trap stations were at 5
m intervals from the center, and the last eight
stations were at 10 m intervals. Generally, a sin-
gle Sherman#{174} (H. B. Sherman Traps, Tallahas-

see, Florida, USA) live trap was placed at each
station, with four Sherman#{174} traps at the web

center. At trap stations located 50 m and 100
m from the center, a Tomahawk#{174} (Tomahawk

Live Trap Co., Tomahawk, Wisconsin, USA)

trap (61 X 15 X 15 cms) was placed adjacent
to the Sherman#{174} trap. Each trapping web cov-

ered an area of 3.14 ha. Webs were separated
from one another by distances of at least 200
m. The same field research technicians were
involved in sampling all sites and all webs.

The rodent monitoring program was begun
in August 1994, with two trapping webs at each
site. A third trapping web was added to each
site in October 1994. Trapping webs were sam-
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pled monthly beginning in August 1994; data

used in this study were collected from August
1994 to August 1996. All three webs at a given
site were trapped simultaneously. Webs were

trapped for three consecutive nights each
month during the dark phase of the moon.
Traps were baited with a mixture of rolled oats

36 and grains. Cotton nestlets and peanut butter

were added during winter months to help pre-
vent rodent hypothermia. Traps were checked
early each morning and periodically during the

�#{149}48 day in order to retrieve diurnal species. During
field and laboratory sampling procedures, re-

searchers followed the safety procedures de-
scribed in Mills et al. (1995) and Centers for
Disease Control and Prevention (1993).

60 One of the three webs at each site was the

control. On this web, all animals underwent ab-
breviated processing immediately on the web
site. These animals were identified to species

using external morphological characteristics fol-
lowing Findley et al. (1975). Body mass, sex,

reproductive status, and presence of scars or
wounds were recorded. Rodents were then ear-

tagged with metal fingerling tags (Gey Band
and Tag Co., Norristown, Pennsylvania, USA)
and released at their original point of capture.

The remaining two webs also were used for

rodent density estimations, but in addition, the
animals were sampled for blood and saliva. Ini-

tially, all small mammals captured on the plots
were sampled for SNV infection, including rab-

bits and heteromyids which previously had not
been implicated in any hantavirus infections

(Childs et al., 1994). Through the summer, fall,
and winter of 1994, heteromyid samples con-
sistently revealed no infection with SNV, but

did experience high levels of mortality during
handling procedures. Thus, in February 1995,

heteromyid rodents were no longer subjected

to blood and saliva sampling.

Captured live animals were taken to a labo-
ratory area off the web for processing; on the

Sevilleta NWR site, a laboratory room at the
University of New Mexico’s Sevilleta Field Re-

search Station, (Socorro Co., New Mexico,
USA) was used; on the Placitas site, a mobile

field laboratory was used. Rodents were anes-
thetized with methoxyflurane (Metofane�, Pit-
man-Moore, Inc., Mundelein, Illinois, USA)

saturated cotton contained in stainless-steel tea
balls in plastic bags. New bags were used for

each animal and the tea balls were cleaned with
70% ETOH between animals to prevent cross-

contamination of SNV. Each animal experi-
enced a one time minimal exposure to a stan-
dard dosage (1 ml) of fresh methoxyflurane.

Handling time of each animal was kept to a
minimum by processing one animal per tech-
nician at a time.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 01 May 2024
Terms of Use: https://bioone.org/terms-of-use



4 JOURNAL OF WILDLIFE DISEASES, VOL. 34, NO. 1, JANUARY 1998

Demographic data and body measurements
were collected for these rodents. In addition, a

blood sample (five drops) was extracted from

the retro-orbital sinus using a heparinized mi-

crohematocrit tube. The blood sample was al-
lowed to drip into a 2-ml cryovial and then sub-

merged in a dewer containing liquid nitrogen.

Orbital bleeding was stopped by closing the ro-

dent’s eye with a sterile gauze and applying
gentle pressure to the orbit. Buccal cells and

saliva were collected with a Dacron tipped oral
swab and placed in a tube of viral media which
also was frozen in liquid nitrogen. Finally, the
animals were ear tagged with numbered fin-

gerling tags, allowed to recover from anesthe-
sia, and released at the point of capture. Fol-
lowing release of animals, all traps were washed

in a solution of 5% Lysol (Lysol#{174}-Reckitt &

Coleman Inc., Montvale, New Jersey, USA) for

at least 10 mm, followed by two water rinses to
remove the disinfectant residue. All instru-
ments and surfaces that may have been ex-

posed to virus were cleaned with 5% Lysol or
70% ethanol between animals.

The analyses tested for differences between

the effects of the two rodent handling regimes:
field mark-recapture techniques only, or mark-re-
capture procedures plus anesthesia and blood
and saliva sampling. The variables of interest
were (1) mortality of individuals associated with
each of the two handling regimes, and (2) the
effect of the procedures on recapture rates. Data
from each site, as well as pooled site data, were

analyzed, and only those species having at least
15 individuals from each handling regime were

included in the analyses. For the mortality effect,
species-specific trapping-event mortality’ percent-
ages were calculated for each site (pooled over
all months). Trapping-event mortality percentage
was defined as the total number of deaths (either

in traps or during handling) of each species di-
vided by the total number of captures for that

species. Differences in the mortality’ percentages
of each species between the two handling re-

gimes were tested using the Z-test for propor-
tions (Welkowitz et al., 1982). For testing the ef-
fects of the different handling regimes on recap-

ture rates, the number of individuals of each spe-
cies captured in more than 1 mo was tallied, and

then was divided by that species’ total number of
individuals captured during the 2 yr study. The

species-specific percentages of recaptured indi-
viduals between the different handling regimes at

each site were then tested with the Z-test for pro-

portions. In addition, mortality patterns were an-
alyzed for P boylii, P maniculatus, P truei, Ne-
otorna albigula, and Dipodomys merriarni. Stu-

dent’s t-test was used to test for treatment effects
on animal longevity (mean number of days alive
following first capture, mean number of trap pe-

nods, and mean number of total captures). Chi-
square analyses were used to test for treatment

effects on temporal capture patterns (number of

trap periods in which each animal was captured,

and pattern of captures within each 3 day trap-
ping period) (Welkowitz et al., 1982).

An assumption of the experimental design

for testing the effects of handling procedures
on the rodents was that the underlying proba-

bilities of capture were equal for both treat-
ment populations (control and bleed trapping
webs). Differences in capture or recapture
probabilities across trapping webs (due to, for

example, differences in site topography, vege-

tation, or prevalence of predators) could have
masked any effects of handling techniques.

Species-specific capture and recapture proba-
bilities were estimated using Program CAP-

TURE (Otis et al., 1978), which provided seven
different estimators (M0, M1, M/), M�, M1511,

M111, M(/)) based on various model assumptions
concerning capture probabilities (see details in

Otis et al., 1978; White et al., 1982; Chao,
1989; Chao et al., 1992). The assumptions of

the models were: M1) (null model) assumed all
animals had equal probabilities of capture on
all trapping occasions; M11 (heterogeneity’ mod-
el) assumed each animal had its own capture
probability’; M/) (behavior model) assumed cap-

ture probabilities varied in response to previous

captures; M� (time model) assumed capture
probabilities varied with time; M151 assumed
capture probabilities varied by individual ani-

mal and in response to capture; M�j assumed
capture probabilities varied by individuals and

through time; and Mtb assumed capture prob-
abilities varied through time and in response to

prior trap experiences. CAPTURE closure tests
were performed to determine that the rodent

data sets were equivalent to closed populations.
Species data sets that contained at least 10 in-
dividuals per trapping web in any given month
were included in these analyses. Mean species-
specific capture probabilities were tested be-
tween treatments using Student’s t-test (Wel-
kowitz et al., 1982). All statistical analyses as-
sumed a significance level of P � 0.05.

RESULTS

The analyses were based on 24 trapping

periods between August 1994 and August

1996 and included 74,304 trap-nights (a trap

night is one trap set for one night). The

3,661 trap captures yielded 1,513 individual

small mammal.s belonging to two orders,

four families, and 23 species (Table 1).

The two study sites differed in the

abundance of different rodent families and
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TABLE 1. Species list and capture summaries of rodents collected from Placitas and the Sevilleta National

Wildlife Refuge (NWR), New Mexico.

Placitas Sevilleta NWR

Number of Number of Number of Number of
Species individuals captures individuals captures

Rodentia: Muridae

Permnyscus hoylii

Peromyscu.s eremicus

Peroinyscu.s leucopus

Peroinyscus inaniculatus

Peromyscus nasutu.s

Peroinyscus truei

Neotoina albigula

Neotoina inicropus

Onyclioinys leucogaster

Onycliomys arenicola

Reit/zrodonto,n,js �negalotis

216

0

17

57

1

177

81

5

0

0
17

543

0

29

101

3

350

222

8

0

0

18

6

33

19

49

3

54

163

0

57

1

54

12

72

37

96

5

121

686

0

164

1

71

Rodentia: Heteromyidae

C/zaetoclipus intermethus

Dipodoinijs ,nerriaini

Dipodoinys orthi

Perognatliusfiavescens

Perognatliusfiavus

0

0

1

0

43

0

0

2

0

86

14

204

49

78

18

23

517

132

126

28

Rodentia: Sciunidae

Ainmospennophilus interpres

Anunospennophilus leucurus

Spennophilus spilosoma

Spennophilus variegatus

Eutainias quadrwittatus

4

0

0

1

6

5

0

0

3

10

0

3

11

0

0

0

3

13

0

0

Lagomorpha: Leponidae

Sylvilagus auduhoni

Sylvilagusfioridanus

0

27

0

63

44

0

111

0

Totals 653 1,443 860 2,218

PARMENTER ET AL-SAMPLING EFFECTS ON RODENTS 5

rabbit species. The Heteromyidae and

Muridae co-dominated the Sevilleta NWR

site. At the Placitas site, munds were most

abundant; five Peromyscus spp. made up

75% of the Placitas total number of ro-

dents captured (Table 1). At Sevilleta

NWR, the dominant species were D. mer-

riami, Perognathus flavescens, and N. al-

bigula. The two sites also had different

species of rabbits; Sylvilagus auduboni at

Sevilleta NWR, and S. floridanus at Pla-

citas. Each site had its own complement

of sciurid species, but at both sites these

rodents were relatively rare. Sample sizes

of sciurids were too small to perform any

statistical analyses, and along with Pero-

myscus nasutus, N. micropus, Onychomys

arenicola and Chaetodipus intermedius

were not included in the analyses.

Species differed in their overall rates of

recapture, ranging from 13% in R. mega-

lotis to 74% in D. ordii (Table 2). Neotorna

albigula and Dipodomys spp. are known to

establish permanent territories around

their nests and burrows, so the higher re-

capture rates were not unexpected. Ap-

proximately one half (48%) of the Pero-

myscus spp. individuals were captured

more than once during the study.

Analysis of the handling effects on trap-

ability indicated that, of 11 rodent species

for which sufficient numbers were cap-

tured to allow statistical analysis, only two

species (D. merriami and D. ordii) exhib-
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TABLE 2. Results of differences between handling procedures for the rodent species captured on both study

sites (Sevilleta NWR and Placitas). Animal treatments involved either field capture-mark-release procedures

(Control) or similar procedures plus laboratory anesthesia and bloodlsaliva collections (Bleed). Both recapture

and mortalit effects were analyzed using a Z-test for proportions.

Num-
ber of

Total indivi- Percen- Number Total Percen-
number duals tage of number tage
of mdi- recap- recap- Z-Test capture of nor- Z-Test

Species Treatment viduals tured tured P-Value events deaths talit P-Value

Peroinyscus boylii Control

Bleed

57

165

34

88

60

53

>0.05 154

401

15

49

10

12

>0.05

Peroinyscus ereinicus Control

Bleed

9

24

4

10

44

42

>0.50 22

50

0

1

0

2

>0.20

Peromyscus leucopus Control

Bleed

15

21

6

11

40

2

>0.20 23

43

1

2

4

5

>0.90

Peroinyscus maniculatus Control

Bleed

31

75

14

34

45

45

>0.90 55

142

3

7

5

5

>0.50

Peroinyscus truei Control

Bleed

60

171

25

77

42

45

>0.20 99

372

6

28

6

8

>0.05

Neotoina albigula Control

Bleed

67

177

44

109

66

62

>0.20 249

659

ii

21

4

3

>0.10

Onychoinys leucogaster Control

Bleed

24

33

16

19

67

58

>0.20 74

90

1

3

1

3

>0.90

Reithrodootoinys megalotis Control

Bleed

33

38

5

5

15

13

>0.20 45

44

1

3

2

7

<0.05

Dipodotnys inerriami Control

Bleed

65

139

41

75

63

54

<0.02 186

:331

13

31

7

9

>0.10

Dipodoinys orthi Control

Bleed

19

31

14

18

74

58

<0.05 55

79

1

14

2

18

<0.001

Perognathusfiacescens Control

Bleed

30

48

14

16

47

33

>0.05 58

68

1

1

2

1

>0.50

Perognathusfiavus Control

Bleed

24

36

10

10

42

28

>0.05 55

59

1

8

2

14

<0.001

Sylcilagus auduboni Control

Bleed

17

27

9

12

53

44

>0.20 41

70

0

4

0

6

<0.05

Sylvilagusfioridanus Control

Bleed

5

22

1

11

20

50

>0.20 6

57

0

0

0

0

>0.90

6 JOURNAL OF WILDLIFE DISEASES, VOL. 34, NO. 1, JANUARY 1998

ited significantly lower recapture percent-

ages due to the blood/saliva sampling re-

gime (Table 2). All the other species, in-

cluding the main reservoir of SNV, P.

iculatus, demonstrated no significant

difference in recapture percentage based

on handling procedures (Table 2).

Eight of the 10 rodent species for which

sufficient sample sizes were obtained and

one rabbit species (S. floridanus) exhibited

no significant difference in mortality be-

tween handling treatments. However, two

heteromyids (D. ordii and P flavus), one

murid (R. megalotis), and the desert cot-

tontail (S. auduboni) showed significantly

higher mortality rates from the handling

procedures involved with anesthesia and

blood and saliva sampling (Table 2). While

all species suffered some level of mortality

during trapping and handling, D. ordii and

P flavus proved especially susceptible to

anesthesia and sampling procedures. Pero-

myscus inaniculatus, the main SNV reser-

voir, exhibited no significant overall mor-

tality effects from the handling procedures.

When the Placitas and Sevilleta NWR

sites were analyzed separately, most of

the overall comparisons were upheld (Ta-
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TABLE 3. Results of differences between handling procedures for the rodent species captured on the Placitas

study site. Animal treatments involved either field capture-mark-release procedures (Control) or similar pro-
cedures plus laboratory anesthesia and bloodlsaliva collections (Bleed). Both recapture and mortality effects

were analyzed using a Z-test for proportions.

Species Treatment

Num-

ber
Total of mdi-

ucumber viduals

of mdi- recap-

viduals tured

Percen-

tage

recap-

tured
Z-Test

P-Value

Number

of cap-

ture

events

Total
num-

1)er

of

deaths

Per-
ecu-

tage

mortal-

ity

Z-Test
P-Value

Peroinyscus boyiii Control

Bleed

57 34

159 85

60

53 >0.20

154

389

15

49

10

13 >0.05

Peroinyscus leucopu.s Control

Bleed

12 4

5 3

33

60 >0.20

17

12

0

0

5

0 >0.20

Pero?nt/scus inaniculatus Control

Bleed

17 7

40 17

41

43 >0.50

32

69

1

7

3

10 <0.001

Peromyscus tniei Control

Bleed
50 20

127 58

40

46 >0.10

82

268

6

26

7

10 >0.10

Neotoina aihigula Control

Bleed

21 12

60 36

57

60 >0.50

42

180

0

4

0

2 >0.05

Reithrodonto,n,js inegalotis Control

Bleed

12 1

5 0

8

0 >0.10

13

5

0

0

0

0 >0.90

L)ipodoinys ordu Control

Bleed

1 1

0 0

100

- -

2

0

0

0

0

- -

Perognathusfiavus Control

Bleed

17 10

26 6

59

23 <0.001

48

38

1

6

2

16 <0.001

Syleilagusfioridanus Control

Bleed
5 1

22 11

20

50 >0.20

6

57

0

0

0

0 >0.90

bles 3 and 4). However, some site-spe-

cific patterns emerged. At Placitas, P

maniculatus and P flavus showed signif-

icant increases in mortality associated

with the blood-sampling webs, and P fla-

vus exhibited reduced trapability (Table

3). However, six of the eight P manicu-

latus deaths at this site were associated

with cold weather (these animals were

dead in their traps prior to handling be-

cause of hypothermia, following a storm

in October, 1995). At Sevilleta NWR, the

two P maniculatus mortalities also were

due to cold weather during trapping.

Deaths from trapping and handling were

not separated in the analyses because the

circumstances of deaths were not consis-

tently recorded during the initial phase

of the study. The effects of handling on

the Ord’s kangaroo rat (D. ordii) and the

desert cottontail (S. auduboni) at Sevil-

leta NWR resulted in significantly higher

mortality rates (Table 4).

In analyzing the patterns of mortality for

the species with larger sample sizes (Table

5), there was no significant effect of the an-

esthesia and sampling procedures on the

subsequent pattern of trapping. In addition,

for animals that subsequenfly died during

the study, there were no significant differ-

ences between control and sampled popu-

lations in (1) the number of days between

first capture and death, (2) the number of

trap periods between first trap period and

the period in which the animal died, or (3)

the total number of capture events between

first capture and death (Table 5).

The effect of handling on temporal mor-

tality patterns also was evaluated by testing

for differences in trapping history. Using

the trap histories of all the animals that

died during the study, there was no statis-

tically significant effect of treatment on the

number of trap periods that animals were

captured for P maniculatus, P truei, N. a!-

bigula, and D. merriami (Table 6). Only P
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TABLE 4. Results of differences bebveen handling procedures for the rodent species captured on the Sev-

illeta NWR study site. Animal treatments involved either field capture-mark-release procedures (Control) or

similar procedures plus laboratory anesthesia and blood/saliva collections (Bleed). Both recapture and

talitv effects were analyzed tusing a Z-test for proportions.

Species Treatment

Nuni-

her
Total of mdi-

number viduals

of mdi- recap-

siduals tured

Percen-

tage

recap-

tured

Z-Test

P-Valne

Number

ol cap-

tnre

events

Total
number

of

deaths

Pereen-
tage

mortal-

itv
Z-Test

P-\’alue

Peroinyscus bor,ln Control

Bleed

0 0

6 3

-

50 -

0

12

0

0

-

0 -

Peroinujscus ereinicus Control

Bleed

9 4

24 10

44

42 >0.50

22

50

0

1

0

2 >0.20

Peroinijscus leucopus Control

Bleed

3 2

16 8

67

50 >0.10

6

31

0

2

0

6 >0.10

Peroin,,scus inaniculatus Control

Bleed

14 7

35 17

50

49 >0.50

2:3

73

2

0

9

0 >0.10

Pero?nyscu.s tn�ei Control

Bleed

10 5

44 19

50

43 >0.20

17

104

0

2

0

2 >0.10

Neotoma albigula Control

Bleed

46 :32

117 73

70

62 >0.05

207

479

11

17

5

4 >0.05

Onychoinijs leucoga.ster Control

Bleed

24 16

33 19

67

58 >0.20

74

90

1

3

1

3 >0.10

Reithrodontoinys inegalotis Control

Bleed

21 4

33 5

19

15 >0.50

:32

:39

1

3

3

8 >0.10

Dipodomys inerriaini Control

Bleed

65 41

139 75

6:3

54 <0.05

186

:331

13

:�i

7

9 >0.05

Dipodoinys orthi Control

Bleed

18 13

:31 18

72

58 >0.05

53

79

1

14

2

18 <0.001

Perognathusfiavescens Control

Bleed

30 14

48 16

47

33 >0.05

58

68

1

1

2

1 >0.50

Perognathusfiacus Control

Bleed

7 0

11 4

0

4 >0.20

7

21

0

2

0

10 >0.10

Sylvilagus auduboni Control

Bleed

17 9

27 12

53

44 >0.20

41

70

0

4

0

6 <0.05

TABLE 5. Trapping histories of’ rodent mortalities (luring the 2 yr study. Only individuals that survuved the

first trapping period, but (lied subsequenth’, were used in this analysis. \‘aliues are means afl(l standard errors.

Species Treatmeuut” n

Meauu ntuunber

days alive

Mean nnunber

trap periods

Mean number

total captures

Peroinyscus botjlii Control

Bleed

5

7

:32.2 � 0.4

50.1 ± 8.7

2.0 � 0.0

2.4 ± 0.�3

:3.4 ± 1.1

4.0 ± 1.0

Peroinyscus inaniculatus Control

Bleed

2

4

95.5 ± 59.5

51.2 ± 9:3

2.0 ± 0.0

2.2 ± 0.2

2.5 ± 0.5

2.5 ± 0.5

Neotoma aihigula Control

Bleed

8

17

97.8 ± 2:3.5

256.1 ± 5:3.4

:3.6 ± 0.9

6.6 ± 1:3

6.1 ± 1.8

8.9 ± 1.7

Dipodoinys int’rrjanzi Control

Bleed

10

11

55.5 ± 8.1

68.0 ± 10.4

2.1 ± 0.1

2.8 ± 0:3

:3.2 ± 0.8

:3.6 ± 0.7
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Chi-square analyses were performed on first capture event versus all other capture patterns combined.

TABLE 6. Distributions of rodent mortalities based on the number of trapping periods in which each mdi-
vidual was captured. Values are total numbers of mortalities (percentage of total mortalities) for each species

(luring the 2 yr studs’; data pooled from both study sites.

Species Treatment’ mm

Captured
only in

one period

Captured
only in

two periods

Captured
only in

three periods

Captured
in four or

unore peruxls

Peroinyscus boy!ii Control
Bleed

15

49

10 (67)

43 (88)

5 (33)

4 (8)

0 (0)

1 (2)

0 (0)

1 (2)

Peroinyscus maniculatus Control

Bleed

3

7

1 (33)

2(29)

2 (67)

3(43)

0 (0)

1(14)

0 (0)

1(14)

Peroinyscus tniei Control

Bleed
6

28

5 (83)

19(68)

1 (17)

6(21)

0 (0)

3(11)

0 (0)

0(0)

Neotoina albigula Control

Bleed

11

21

3 (27)

9(43)

4 (37)

2(9)

1 (9)

5(24)

3 (27)

5(24)

Dipodomys inerriaini Control

Bleed

13

31

7 (54)

20(65)

5 (38)

6(19)

1 (8)

3(10)

0 (0)

2(6)

Chi-square analysis of’ One Period versus all others indicated that only P hoylii had significantly greater mortality in initial

capture period (P � 0.01).

boylii had higher mortality in the first pe-

riod of capture between treatments.

In contrast, when mortality patterns

were analyzed within the standard 3 day

trapping period each month, highly signif-

icant differences were observed for four of

the five species tested (Table 7); P mani-

cu!atus was the only species for which this

result did not apply, although sample sizes

for this species were very small. Animals

undergoing the anesthesia and sampling

procedures had a higher probability of dy-

ing during the first capture and handling

event when compared to the control pop-

ulations. The first capture event each

month, was, of course, the time when the

animals were sampled for blood and saliva.

Capture probabilities and recapture

probabilities were estimated using the sev-

en models of Program CAPTURE for pop-

ulations of N. albigula (n = 11 webs) and

D. merriami (n = 7 webs). Monthly sam-

TABLE 7. Summary of trapping histories of rodents that died during one of the 3-day trapping periods.

Capture events defined as being trapped, handled, marked, released (Control) and anesthetized and sampled

for blood and saliva (Bleed). Values are total numbers of mortalities (percentage of total mortalities) for each

species during the 2 yr study; data pooled from both study sites.

Captured
Died (luring Died (luring on nights

Died (luring second third I + 3.
first consecutive consecutive died during

capture capture capture night 3 X2
Species Treatment mm event event event event P-Value

Peromyscus hoylii Control

Bleed

15

49

4 (27)

26(53)

5 (33)

16(33)

3 (20)

7(14)

3 (20)

0(0)

P � 0.001

Peroinyscus inaniculatus Control

Bleed

3

7

2 (67)

6(86)

0 (0)

1(14)

1 (33)

0(0)

0 (0)

0(0)

P > 0.05

Peromy.scus (mci Control

Bleed

6

28

4 (67)

21(75)

1(17)

5(18)

0 (0)

0(0)

1(17)

2(7)

P � 0.01

Neotoina a/hi go/a Control

Bleed

11

21

6 (55)

18 (86)

3 (27)

2 (9)

0 (0)

1 (5)

2 (18)

0 (0)

P � 0.05

Dipodoinys inerriami Control

Bleed

13

31

9 (69)

28 (90)

3 (23)

2 (7)

0 (0)

0 (0)

1 (8)

1 (3)

P � 0.05
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ple sizes were too small to test other spe-

cies. Population closure was satisfied in 17

of 18 cases. Based on the CAPTURE re-

sults, the tests of treatment differences of

species-specific capture probabilities

showed no significant differences between

control and bleed populations for initial

capture probabilities; similarly, model Mb

indicated no significant difference for

within-month recapture probabilities.

DISCUSSION

The monitoring program reported here

was initiated to provide information on the

relationship of rodent population density,

SNV infection, and HPS outbreaks. The

sensitivity of the current trapping program

design has proven successful in detecting

statistical differences in wild rodent den-

sities among sites and through time. The

blood-saliva sampling procedures of this

program did not influence trapability or

mortality for most murid species, although

one leporid, some murids and most het-

eromyids suffered higher mortality rates

when anesthetized and sampled.

In any population of wild animals, there

are individuals which, for a variety of rea-

sons, have relatively low levels of tolerance

for the physical, physiological, and psycho-

logical stress of being captured and han-

dled by humans. Trapping effects on ro-

dent body mass, trapability, and survival

rates have been described in many field

studies (Slade and Iskjaer, 1990; Wood and

Slade, 1990; Slade, 1991; Kaufman et al.,

1994; Vanblankenstein and Botzler, 1996).

In rodent populations, the proportion of

the population that is susceptible to trap

mortality seems to be small; susceptible in-

dividuals may be older animals, weakened

by age, disease, parasites, or non-resident

dispersing individuals that may be mal-

nourished. Trap deaths also may be caused

by cold or hot temperatures or wet con-

ditions (e.g., the arrival of an unexpected

snow storm or thunderstorm), insufficient

quantities of bait (prior to rodents entering

the traps, ants and birds often remove con-

siderable portions of bait in a short period

of time, leaving insufficient amounts of

bait for animals to maintain their body

temperature through the night), malfunc-

tioning traps, and predators entering the

traps (rattlesnakes, weasels). Vigilant and

conscientious field procedures generally

keep these mortality factors to a minimum.

However, some of the trapped and sam-

pled animals still die in traps or during

handling.

In a previous rodent-hantavirus survey

in Montana during the summer of 1994,

Douglass et al. (1996) trapped and bled

634 rodents from eight species without us-

ing anesthesia prior to handling and blood

sampling; while mortality results were not

reported, their results indicated no sam-

pling effect on monthly recapture per-

centages between control and blood-sam-

pling treatments. However, humane ani-

mal care and use concerns, coupled with

an increased risk of disease transmission to

investigators from conscious, agitated ani-

mals, make the use of anesthetic more de-

sirable. In addition, the results of our

study showed that the sampling procedu-

res for anesthetizing and bleeding/swab-

bing for most small mammals did not re-

sult in a detectable increase in mortality

above the “background” level observed on

the control webs. However, given that a

number of individuals were susceptible to

trap-death during any 3 day trapping pe-

riod, the results indicate that the more in-

tensive handling of the blood-sampling

procedures caused these susceptible ani-

mals to die on the first capture event, rath-

er than the second or third event (Table

7). For these species, this phenomenon

did not result in an overall increase in trap

deaths, but rather shifted the temporal

pattern of mortalities within the trapping

period. In contrast, heteromyid rodents

appeared to suffer higher mortality rates

due to the anesthesia and handling.

These data point out that although these

rodent handling methods and blood sam-

pling techniques used in this study provide

powerful tools for long-term monitoring of

wild rodent populations, certain modifica-
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tions may be required depending on the

target species and the manipulations to be

performed. For those studies interested in

changes in population density alone, or in

other questions that do not require the

specimens to be anesthetized, this method

is ideal and has little negative impact re-

gardless of the species involved. However,

there is some measurable effect on surviv-

al depending on species simply due to

trapping mortality. Perhaps different tech-

niques other than the ones used in this

study may result in higher survival rates.

Our data demonstrate that certain spe-

cies are more susceptible to anesthetic

death and handling than others. For these

species, change in basic protocols may be-

come necessary. For example, a change of

anesthetic protocol may be required for

sensitive species, or perhaps heated cages

and fluids while recovering from anesthe-

sia would increase survival.

Quantitative longitudinal studies of pop-

ulation levels of most murid species can be

achieved and blood and oral swab samples

can be taken simultaneously for subse-

quent determination of infection. Fortu-

nately, P manicu!atus and other major res-

ervoir species of the viruses known to

cause HPS are among those species that

can be studied effectively with these meth-

ods.
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