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ABSTRACT

The global extinction crisis had led to more active management of animal
populations. But wildlife managers routinely design iecovery plans for endangered
species that do not take the animals’ behavior into account. For example, captive-bred
animals are often assﬁmed, mlrealisﬁcally to be “hard-wired” to avoid predators, or to be
able to rapidly learn these skills following release. Many reintroduction programs have
failed because of the lack of understanding of basic animal behavior.

There has been increasing awareness that behavior can play an important role in
species conservation, but integration of behavior with conservation biology is still in its
infancy. Survival and reproduction are the ultimate goals of translocation and captive

‘breeding-reintroduction programs, yet these goals are rarely met. In the first few weeks
following release, translocated alﬁmals often disperse from the new site and/or are more
vulnerable to predation. Captive breeding-reintroduction methodology is fraught with
additional problems. Captive environments often fail to provide the experiences
necessary to ensure vpost—releasc survival of captive born young. |

This research uses black-tailed prairie dogs (Cynomys ludovicianus) to investigate
the importance of family social interactions for survival and the kinds of captive learning
experiences required for effective antipredator behavior after release into the wild. Over

the course of four field seasons, three experiments were conducted to examine 1) if
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repeated early exposure to predators affects the development of effective antipredator
behavior; 2) how the presence of experienced kin affects the development of defensive 1
béhavior; and 3) whether animals translocated in family groups show a higher survival l
rate following release than animals translocated without family members. Results reveal

that juvéniles trained with predators behave differently and survive at higher rates than

untrained juveniles. Results also indicate that juveniles trained with experienced kin |
develop more appropriate antipredator behavipr prior to release and survive at higher
rates than juveniles trained without experienced kin. \Finally, the results show that t
maintaining family groups significantly increases translocation success in terms ofboth -
survival and reproductive success and imply that any spcpies. that depends on social
interactions for survival and reproduction may benefit substantially from the maintenance

of social groups during translocations.
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CHAPTER 1: EFFECTS OF PREDATOR TRAINING ON BEHAVIOR AND
POST-RELEASE SURVIVAL OF CAPTIVE PRAIRIE DOGS
(CYNOMYS LUDOVICIANUS)




ABSTRACT
Reintroduction of captive animals to the wild is a conservation strategy that has
rarely succeeded. For ma]ny species, the blame has been placed on ineffective post-
7 release behavior. In particular, predation on newly released animals can be devastating.
To deal with this problem, biologists have initiated programs of pre-release pfedator
training. However, the success of these programs as a function of long-term post-release

survival has yet to be measured.

The development of effective antipredator behavior is known to be dependent upon
experience. In social species, this experience may involve hearing alarm vocalizations,
observing a conspecific interacting with a predator, or encountering a predator in the
presence of an experienced group member. Helré 1 examine the effects of training captive
~ juvenile black&aﬂedl prairie dogs (Cynomys ludovicianus) with presentations of a black-
footed ferret, red tailed hawk, prairie rattlesnake predators, and a nonpredator control
(cottontail). Training consisted of presenting appropriate alarm vocaliiations during
prédator exposure. Playbacks of alarm vocalizations enhanced antipredator behavior
toward these predators. Results revealed that training had an immediate and lasting
effect on juveniles prior to release to the wild and that these differences appeared to

promote post-release survival. |



INTRODUCTION

The ultimate goal of captive breeding programs is reintroduction, yet there are
problems with reintroducing captive-bred animals into the wild. Captive environments
often fail to provide the experiences necessary to ensure survival upon release of captive
born young into native habitat (Becic et al. 1994; Beck 1995b). Numerous studies have
shown that captive-born animals have a higher mortality rate than wild-caught animals
after release in the wild (Beck et al. 1994; Miller et al. 1994). In fact, the survival skills
of wild-caught individuals may even erode while in captivity (Yoerg & Shier 1997; |
Yoerg & Shier 2000). In several species, this increased mortality has been linked to
ineffective antipredator behavior (Biggins et al. 1999; Fischer & Lindenmayer 2000;
Frantzen et al. 2001; Wallace 1994).

Anti-predator behavior often must be functional when a predator is first encountered,
but animals can improve their responses with experience (Shriner 1995). A substantial
empirical literature demonstrates that animals that initially show no recognition or fear
can be conditioned to respond to live and model ﬁedlators (Grifﬁin et al. 2000; Mineka &
Cook 1988). The type of experience requiréd will elucidate the factors that affect the
development of survival skills, and therefore plays an important role in the establishment
of predator training protocols.

Because experience is critical for developing antipredator behavior, and because a
. high percentage of reintroduction attempts (62 ~ 89%) have failed (Beck 1995a), there is
increasing interest in developing predator training protocols. To date, trainiﬁg research
has focused primarily on fish (Brown & Laland 2001; Chivers & Smith 1995; Kelly &

Magurran 2003; Mirza & Chivers 2000), birds (McLean et al. 1999; Maloney & McLean
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1995) and marsupials (McLean et al. 2000; Griffin et al. 2001; Griffin & Evans 2003),

with a few studies attempting training in other mammals (Miller et al. 1994; Mineka & |
Cook 1988; Yoerg & Shier 1997). While these studies have advanced our understanding
of the efficacy of predator training on pre-release behavior, the success of these programs
in terms of actual post-release survival has yet to be measured.

I tested the effectiveness of predator training on pre-release behavior and post-release
survival in captive-born black-tailed prairie dogs (Cynomys ludovicianus). Prairie dog
numbers have declined as much as 99% in North América. All species in the genus
(Cynomys) are rare, thrca‘teﬁcd, or endangered, thus knowledge of their behavior is
directly applicable to conservation efforts. They are considered keystone species that
influence environmental hetero geileity, nutrient cycling, and biodiversity and therefore
 play an integral role in grassland ecosystems. The National Wildlife Federation filed a ‘
petition in 1998 to list to black-tailed prairie dog as threatened under the Endangered
Species Act (ESA). In 2000 the U.S. Fish and Wildlife Service found the status of the
species to be “warranted but prccludcd” from listing and the case is currently reviewed
vannu‘ally. This federal action has stimulated involvement by 11 states in the species’
original range and by private organizations. Current efforts to conserve prairie dogs have
relied in part on translocating animals to supplement small populations or to restore
extirpated ones (Truett & Savage 1998) and captive breeding has been suggested.

Black-tailed prairie dogs are prey to a variety of predators, including weasels
(Mustela spp.), coyotes (Canis latrans), bob cats, (Lynx rufus), several species of raptors
and snakea‘ Prairie dogs are a colonial species that live in sociﬂ groups called coteries

which typically contain ofie adult male, several adult females, yearling males and females



and juveniles (young of the year)(Hoogland 1995). In the presence of mammals and
‘avian predators, adult prairie dogs bark repetitiously, warning offspring and
nondescendant kin of impending danger (Hoogland 1995). Upon heariﬁg a bark alarm
call, prairie dogs scan for predators and if one is detected, run to a Eurrow mound and
either enter or begin calling while facing the predator (Hoogland 1995). Behavior toward
snakes is very different, probably because most snakes cannot kill adults. During
interactions with snakes, adults typically orient wwards. and approach the snake in an
elongated posture, sniff, jump away and give distinct itmp«yips calls and/or footdrum
(Owings & Owings 1979; Owings & Loughry 1985). In fact, these confrontational
interactions often result in attacks, and, occasionally, adults may kill the snake (Loughry
1987).

Newly emergent juveniles remain close to burrows, are vigilant and forage little

- (Loughry 1992). Juveniles jump-yip at higher rates upon emergence than in subsequent
weeks (Loughry 1992), but rarely bark or footdrum until they have been above ground
for a few months (Hoogland 1995).

The current study is the first in a series of experiments designed to determine whether
captivc—bqrn juveniles trained with predators develop more effective antipredator
behavior and survive in higher numbers than control juveniles. Specifically, in this study
I compare the behavior and survival of juvenile prairie dogs trained by pairing predators

with playbacks of antipredator vocalizations to those exposed to neither predators nor

vocalization playbacks.




METHODS

Subj ects and Housing

Subjects were 18 captive-bormn juvenile prairie dogs (10 females, 8 males) from 3
litters trapped within 2 weeks of emergence from the Spring River Park Zoo, Roswell,
New Mexico during spring 2002. Juveniles were from 3 litters of a single coterie unit and
were therefore housed in a single enclosure with their mothers. This population has not
been exposed to natural predators since they were bréughl into captivity in 1963. These
juveniles were tra]pped with their mothers, and transferred immediately to the Vermejo
Park Rﬁnch, Colfax County, New Mexico (36° N, 104° W, e}evation 1850 m). All 21
animals were housed in a single vﬁre mesh field enclosure (2 x 2 x 3m) with a metal
frame set into the soil 03 m with a mesh canopy over the top that prevented attacks by
raptors but allowed exposure to other potentially important environmental cues. Anirnals
were provided with two wood nest boxes with a latrine box (all 25.4 x 25.4 x 30.5 cm) in
the middle that could be accessed from either nest box. A burrow system of corrugated
black PVC tubing was attached to each nest box to allow access from above ground.
Nest boxes and tubing were surrounded by dirt to vsimula.te natural burrow systems. All
animals remained together in the enclosure for the duration of the experiment. Animals
were ear-tagged and dye-marked (Nyanzol D) for individual identification and allowed to

habituate to the enclosures for 1 week prior to testing.



Experimental Protocol

Treatment groups. F ollowing habituation to the enclosure | randomly assigned juveniles
to one of two treatment groups: training = predator exposure coinciding with an alarm-
call playback and control = no animal or alarm call (n=9/ﬁeatment). The adult females
were randomly assigned to either group.

Testing. All testing occurred in the animal’s home cage. The test cage was divided into
four equal-sized quadrants delineated on the side of the cage for the observers (the barﬁer
was placed‘ between Quadrants 3 and 4 during snake tests and the mesh box was placed in
Quadrant 4 dﬁring tests with the ferret and cottontail; Quadrant 1 was furthest away.).
Approximately three weeks after emergence, I began testing each focal juvenile in the
training treatment witﬁ each of the following stimulus animals: 1) a live b]ack—footéd
feqet (Mustela nigripes); 2) glmoving, taxidermically-mounted red tailed hawk (Buteo
jamaicensis); 3) a live prairie rattlesnake (Crotalus viridis) and 4) a live desert cottontail
(Sybvilagus auduboni) as a nonpredator control. Tests were 10 min in duration and
divided into periods: (1) Pre-training: 2.5 min exposure to a predator or cottontail; 2
Training: 5 min predator or cottontail expvosﬁre paired with playbacks of either prairie
dog alarm barking (ferret and hawk tests), jump-yipping (snake tests) of no playbacks
(cottontail tests); and (3) Post-training: 2.5 min continued exposure to a predator or
cottontail. During the training tﬁals 1 removed the mother and all siblings except the
focal subject from the home cage (to eliminate the effects of the social environment
during exposure), and placed a mesh barrier or box in the home cage. With the exception
of the hawk, I then placed the selected predator or cottontail behind the barrier or in the

box. The hawk was hooked to a cable and released 5 min into the test to enter the



enclosure at a -45°angle from the top of a Sm tower. Thus, the hawk was observable
throughout the 10-min tests, but released to “fly” into the enclosure midway through the
tests. At the end of the 5 min training period, the predator or cottontail remained in the
enclosure, but the playbacks of alarm vocalizations were terminated. Juveniles in the
training treatment were exposed to each stimulus animal once per week for 2 weeks
(Trial). Three exemplars of each stimulus animal were used to limit pseudoreplication .
Alarm vocalization playbacks were recorded from multiple adults from each focal
subject’s coterie to simulate natural variation in alanﬁ calls. The calls were randomly
assigned to focal individuals. Animals in the control treatment group (no exposure to
predators or cottontail) were subjected to the same experimental procedure (four tests per
week for two weeks paired in time with predator tests), but were not exposed to stimulus
animals or playbacks. Each test was video taped; the order of stimuli was
counterbalanced to avoid order effccté. An observer unfamiliar with the experimental
questions scored the video tapes.

I used four measures of behavior to quantify the effects of predator training on
juvenile prairie dogs: (1) time allocated to vigﬂance, defined as orientation toward
stimulus animal and alert posture, (ﬁ) frequency of amipredaior vocalizations (barking
and jump-yipping), (3) time spent m or near shelter, (4) activity, measured by the number

of quadrant changes.

Measuring reintroduction success
At the end of the eﬁperilmcnt (June, 2002) animals were reintroduced to an
established prairie dog town with uninhabited burrow systems in place. All animals were

treated as a single coterie unit as they were trapped together and therefore were kept



together during release to decrease stress agd dampen ﬁost—release dispersal. I measured
reintroduction success by retrapping all ear-tagged animals present at the release site
(June-July 2003). Dye marking and observation were use to verify that all prairic dogs
remaining at a colony had been successfully retrapped. I also walked the area in gridsto -
determine if there were any active burrows within a 1.5 km radius, placing traps and bait

at those burrows, and observing until I had trapped any annimé]ls on the outskirts. No
distinction was made between dispersal and mortality since dispersing animals do not

contribute to the population viability of a release site.

Data Analysis

Pre-release: Because prairie dogs behave differently in the presence of different predator
types, statistical analyses were conducted separately for each species presented (ferret,
hawk, snake, cottontail). For tests with each species, two-factor repeated measures
analysis of variance (ANOV As) were performed with predator exposure treatment
(training vs. control) as the between-subjects factor and trial (weeks 1 vs. 2) as the
within-subjects factor. Overall, juvenile prairie dogs significantly modified their
behavior from first to second trials, ata statistica]lly significant level, and this difference
was almost exclusively produced by trained juveniles (see results; Fig. 1.1). Therefore, I
assessed both multiple-trial effects and the immediate impact of training separately for [
the trained juveniles, using a two-way repeated measures ANOV A with period (pre vs.

post training) and trial (weeks 1 vs. 2) as within subjects factors (see Table 1.1).

Post-release: To examine the effects of training on post-release survival, I used Iﬁultiple

logistic regression in the statistical package Stafa (StataCorp 2004), to control for

poésible effects of weight and sex of juveniles. Because individuals were only from 3



litters and therefore not fully independent statistically, I used a generalization of Huber
and White’s estimator of variance (Huber 1967; White 1980; White 1982; Williams
2000) as implemented by STATA. This method adjusts _for lack of independcrjce by
basing calculations on the clustered (litter) rather than on the individual observations. |
Degrees of freedom in the survival comparison are hence appropriately Ieducéd, to

control Type I error.

| RESULTS

Treatment effects.

Training strongly influenced pre-release behavior in tests with all predatory stilﬁulus
animals but not with the nonpredatory stimulus animal (cottontail)(Fig. 1.1).
Averaged for ﬁeeMy trials, juveniles exposed to the ferret and hawk spent significantly
more time than control juveniles vigilant (ferret: Fy;6=20.339, P <0.0001; hawk F} 6=
16.372, P = 0.001) and in or near shelter (ferret: Fy ;6= 14.865, P’= 0.001; hawk F 16=
5.222, P =0.036), alarm called more (ferret: F) 6=45.768, P < 0.0001; hawk F) ;6=
34.257, P < 0.0001), and were significantly less active (ferret: \F1,16= 19.460, P < %
0.0001; hawk F;,16= 9.408, P = 0.007). Iuv‘l':ests With the snake, trained juveniles spent
significantly more time vigilant (Fy 6= 22.087, P < 0.0001), alarm called more (Fy,16=
17.039, P =0.001), and spent significantly less time in shelter (Fy,1s= 4.,860, P =0.042)
~ than control juveniles not exposed to the snake. There was no statistically significant
difference in activity between juveniles trained with the snake and untrained control
animals (6= 0.010, P = 0.922).

Not only did trained juveniles exhibit différén! behaviors from juveniles that were

not trained, but nearly all treatment by trial statistical interactions were statistically |
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significant (but see Hawk tests; Fig. 1.1). These interactions indicate that the
effectiveness of training was even more pronounced after the first trial in all cases except

for tests with the hawk.

Trial effects for trained juveniles.

Analyses of simple effects companring the behavior during the first aﬁd second weeks
indicated that training had a lasting effect on juvenile behavior (see Table 1; Fig. 1).
Juveniles exposed to ferrets spent significantly mbré time vigilant and vocalized more
during trial 2 than duriﬁg trial 1. Similarly, juveniles eXposed to the rattlesnake allocated
more time to vigilance across training trials. However, juveniles spent less time in shelter
and were more active in the presence of the snake in trial 2 compared to trial 1. Training
also affected juvenile behavior in the presence of the cottontail. Juveniles spent reliably
less time in or near shelter and were more active with the cottontail during the second
trial than during the first trial. In contrast, there were no statistically significant trial
effects for tests with the hawk when only trained juvenile behavior was examined. This
finding suggeéts that hawk training was effective with the first exposure coﬁp]ed with
alarm vocalizations and that the subsequent exposure during the second week might not
have been necessary.

Period effects for trained juveniles

More detailed analysis indicated that alérm vocalizations enhanced jﬁvenﬂe responses to

the predators (Table 1.1; Fig. 1.2). In tests with all three predétmrs, juvenile prairie dogs

allocated more time to vigilance in the post-training period than in the pre-training period
(Tablé 1.1; Fig. 1.2). Juveniles spent sigﬁiﬁcanlly inore time in or near shelter fo]iowing

the training period when tested with the ferret, but spent significantly less time in or near

11



shelter following training with the snake. By contrast, juveniles were more active
following training with the snake, but were less active during the post-training period in
the presencé of the ferret and hawk. There were no substantial differences in the rate of
alarm vocalizations from pre- o post-training for tests with any of the predators or the

cottontail presented to the juveniles:

Post-release Survival

Comparisons between trained and control juveniles revealed statistically significant
differences in survival one year post-release. Trained juveniles showed significantly
higher survival fol]owing release than their untrained counterparts (4 out of 9 or 44+
17.5% versus 2 out of 9 or 22.2 + 14.6% (mean = SE); multiple logistic regression; n =
18, xz =13.10, treatment: z = 2.45, P = 0.014; sex: 2= 1.23, P = 0.218; weight: z= 1.71,

P = 0.087).

DISCUSSION

The results of this study suggest that naive juvenile prairie dogs ieam to recognize
predators when conditioned with alarm vocalizations. After undergoing training in which
predators were paired with alarm vocalizations, juvénile prairie dogs became
 significantly more vigilant and alarm called more in response to all three predators,
relﬁtive to a control group that was exposed to an empty compartment. However, training
with the ferret and hawk caused juveniles to seek shélter, while trailﬁng with the snake
reduced this behavior compared to control animals. Ferrets and hawks pose a
qualitativcly different threat than snakes because of their hunting mﬁdes. Hawks are

looming predators that are unable to attack prairie dogs within their burrows. Ferrets,

12



like weasels, primarily prey on prairie dogs in their burrows after they have retired for the
night (Vargas & Anderson 1998). If detected above ground during the day, adult prairie
dogs may harag.s the ferret and once it descends into a burrow, quickly plug the burrow
with soil (Henderson et al. 1974). Due to their size and mexperieﬁcé, young prairie dogs
are likely more vulnerable to ferret predation than adults thn detected above ground.
Therefore, both hawks and ferrets likely elicit shelter seeking behavior by juveniles upon
detection (Giles 1984; Bolbroe et al. 2000). By contrast, snakes rely almost entirely on
stealth to surprise their prey. Snakes are dangerous bécause they are visually
camouflaged and can enter the burrow undetected and prey on pups or wait for an
ambush in or near a burrow. Thefefore, once detected by a juvenile prairie dog, a snake
may not remain a significant threat. The newly emergent juvenile p]fairie dog’s |
antipredator strategy, therefore, should be to remain vigilant following detecﬁom, :
investigate, and alarm call to summons an adult cotc:ﬁe member. Juvenile behavior will
likely shift toward more adult-like behavior over subsequent weeks (Loughry 1987
Loughry 1992).

Alternatively or in conjunction, the type of alarm vocalization presented with the
predator may have elicited the different behavior. The presentation of the ferre‘t and
hawk were paired with barking vocalizations. Upon hearing a bark alarm call in the wild,
prairie dogs scan for predators and if one is detected, run to a burrow mound and either
enter or begin calling (Hoogland 1995). Results presented here show similar behavior in
response to training. By contrast, plrcsenfa;ion of the snake was paired with jump-yipping
vocalizations. Jump-yipping appears to promote contact with snakes in wild prairie dogs

(Owings & Owings 1979; Owings & Loughry 1985). Immediately following a bout of
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jump-yipping, prairie dogs at a distance often move toward the interaction and
investigate, while praiﬁe dogs partici]pating in the interaction may move away (Owings &
Owings 1979). Again, results from this study indicate that captive training induces
behavior that mimics natural behavior in the wild. In response to training with the
cottontail control stimulus, there were no significant behavioral differences between the
two groups, perhaps because no alarm vocalization was paired with the cottontail
presentation in the training group.

While it is clear that training juveniles with a ﬁred_ator in conjunction with alarm
vocalizations elicited effective antipredator behavior, future studies will need to Separate
the roles of predator exposure and vocalization experience to determine their respecti\}e
contribution to successful predatﬁr training. It will be important wAsce if barking
vocalizations can induce antipredator behavior to ecologically neutral cottontails as a test

of “learning preparedness” (see Mineka & Cook 1988).

A second training period enhanced these pre-release differences for all stimulus
animals except the hawk. By the second week of training, juvenile prairie dogs were
more wary in the presence of the ferret compared to the first week; while exhibiting
elevated confrontational behavior with the snake typical of wild prairie dogs (Hoogland
1995). The looming nature of the hawk may have been sufficient to generate predator
recognition and avoidance in only one trial as has been observed in other such studies
(Giles 1984). Regardless, it seems likely that juvenile prairie do gs> learn rapidly, as in
other predator recognition studies, which ‘have typically shown that predator avoidance
can be acquired m only one to two trials (Chivers & Smith 1995; Magurran 1989; Mineka

& Cook 1988).
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Is this rapid learning in captivity predictive of post-release survival? The answer
appears to be yes. Results from this study indicate that juveniles exposed to predators in
conjunction with conspecific alarm vocalizations survive to one year post—rele’élsc m
higher numbers thé_n predator naive juveniles. These results encourage the training of
animals to recognize predators and respond “appropriately” by demonstrating a direct

link between behavioral responses during training and post-release survival.
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TABLES AND FIGURES
Table 1.1 Period and trial effects for trained juveniles

ANOVA factor
Trial (weeks 1 vs. 2) Period (pre vs. post) Trial x Period
Stimulus Animal Fis P Fis P P
Ferret
Vigilance 11.951  0.009 20311  0.002 0282 0.610
Shelter 2.861  0.129 31.09  0.001 20.238 0.002
Alarm vocalizations 23866  0.001 3215 0111 0.341 0.575
Activity 4615  0.064 14880  0.005 1.704 0.228
Hawk
Vigilance 0025 0878 18444 0.003 9.973 0.013
Shelter 5284  0.053 4479  0.067 2.385 0.161
Alarm vocalizations 4242 0073 0.637  0.448 4,025 0.080
Activity 3012 0.121 33379 0001 2.783 0.134
Snake
Vigilance 20318  0.002 9.627 0015 1242 0297
Shelter 12366 0.008 24758  0.001 9.952 0.014
Alarm vocalizations 4824 0059 2711 0.138 8.943 0.017
Activity 24.557  0.001 11.183  0.010 0.119 0.739
Rabbit
Vigilance 0343 0574 3.008  0.21 0.734 0.417
Shelter 16.86  0.003 1938 0201 0.899 0.371
Alarm vocalizations 391  0.068 . 0.037 0853 0.357 0.567
Activity 33.608  0.000 0235  .0641 0.013 0.911

Resuits of two-way (Trial x Period) repeated measures ANOV As comparing the mean
rate (secs/min) allocated to four behaviors by the trained prairie dogs in tests with each

stimulus animal.
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Figure Legends

Figure. 1.1 Time spent (a) vigilant and (b) in or near shelter; and (c) frequency of alarm
calling (both barking and jump-yipping) and (d) quadrant changes (activity) by trained
(o) and control (w) juvenile prairie dogs during trials 1 and 2 with four different stimulus
animals (ferret, hawk, snake and cottontail). Control prairie dogs were exposed to an
empty compartment whereas trained prairie dogs were exposed to the stimulus animals
plus alarm calls. Means + SE are shown. Significant statistica]l interactions are indicated.

as follows: *=pP< 0.05;,**=P< 0.0l

Figure 1.2 Time allocated to a) vigilance, b) shelter, and c) alarm vocalizations and d)
activity by trained juveniles in tests with a ferret, hawk, snake and cottontail during pre-
training, training, and post-training periods in (w) trial 1 and (o) trial 2. Means + SE are

shown.
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Figure 1.2
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CHAPTER TWO: EFFECTS OF SOCIAL CONTEXT ON PREDATOR |
TRAINING IN JUVENILE BLACK-TAILED PRAIRIE DOGS
(CYNOMYS LUDOVICIANUS)
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ABSTRACT

1 examined how sociﬁl context and experience affected development of
antipredator behavior and subsequent post-release survival in the black-tailed prairie dog,
C. ludovicianus. The study involved three parts. Initially, juveniles newly emerged from
their nursery burrows were wild-trapped and brought into captivity for experimental
manipulation of predator experiénce (captive-reared). Next, remaining juveniles from the
same families were wild-trapped approximately 7 weeks later (Wild—reared) and
transferred to captive enclosures. In captivity, the antipredator behavior of wild-reared
juveniles was compared to that of the captive-reared animals who had received training
with experienced adults. Finally, all juvenjles were released and their survival was
compared. Captive-reared juveniles were initially exposed to four stimulus animals: a live
black-footed ferret, a live prairie rattlesnake, a mounted red-tailed hawk, and a desert
cottontail control (pre-training tests). They were then divided into two developmentail
treatment groups: 1) trained with an experienced adult female or 2) trained without an
experienced adult female. Training involved expdsme to ‘each stimulus animal two to
three times over five weeks. Aftér tmininé, each juvenile was re-tested with each
sﬁmulus animal (post-training tests). At émcrgencc from natal burrows {pre—training
tests) juveniles responded differentially to the stimulus animals. They were least active
with the snake, fled the most in tests with the hawk, and were lcs‘svvigilant with the ferret
than with the snake. Following training, _juven'ileS trained with experienced adults were
more wary with all four stimulus animals than juveniles trained without an experienced
adult present. 1 then compared the antipredator behavior of the wild-reared juveniles to

the post-training test behavior of the captive-reared juveniles who had been trained with
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experienced adult females. The wild-reared animals behaved differently from the trained
captive-reared juveniles. All juveniles wercljre]eased together with remaining coterie
members into ﬁnﬁﬁcial burrow systems at a newly established site. One year after
release, juveniles trained with experienced adults were more lﬂ(ely o survive than
juveniles trained without experienced adults, and wild-reared juveniles were more likely
to survive than captive-reared juveniles. These findings provide ﬁe first evidence that
social transmission of antipredator behavior during training can enhance sMival

following release.
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INTRODUCTION

Mammalian development is embedded in a social context. Social context affects
behavioral development both before birth (e.g. intrauterine position, Ryan &
Vandenbergh 2002), and after birth through basic regulatory processes known as “hidden
regulators” (e.g., the effects of warrﬁth, nutrients, olfactory or tactile stimulation Polan &
Hofer 1999) and HPA effects of parenting st}?]le (Francis et al. 1999). Coupled with the
extended interactions required for nursing young, these processes set the stage for |
extensive social influences on development, including learning. Social learning is
important in the development of behavior in many taxa (Zentall & Galef 1988; Heyes &
Galef 1996; Box & Gibson 1999). Consistent with this social learning context, early
exposure to littermates and adults in complex situations is also known to enhance rodent
brain development (reviewed in Coss 1991). Interactions with conspecifics can allow
inexperienced yomg to learn about their environment without incurring the time, energy,
and fitness costs associated with learning survival skills alone. For example, animals can
modify their behavior as a result of observing a conspecific responding to a stimulus
(observatioﬁal conditioning), or an experiencéd conspecific can influence a naive
animal’s development indirectly by bringing its attention to a particular stimulus or event
in the lo;:al environment (local enhancement)(Galef 1988). Thus early social experience
can lead to efficient development of effective foraging, mate selection, and antipredator
behavior (Curio 1993; ]Blrdwn & Laland 2001), and increase fitness (Mateo & Holmes
1997). |

Social factors may strongly influence how experience shapes development. In

some song birds, the presence of a live tutor extends the developmental period during
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which species-specific song may be learned (see Petrinovich, 1988). Similar processes
may be evident in the acquisition of anti-predator behavior. Young animals may first
éncountcr predators or predator-related stimuli in the company of their parents, siblings,
or other conspecifics (Curio, Emst & Vieth, 1978; Poran & Coss, 1990). In Belding’s
ground squirrels, juveniles living with their mother after natal emergence were able to
discriminate between alarm and non-alarm calls faster than juveniles living without their
mothers (Mateo & Holmes 1997). Fathers can also play an important role in the
development of effecuve antipredator behavior. In stncklebacks (Gasterosteus aculeaus),
fry chased by their father and subsequently returned to the nest develop stronger
avoidance responses toward a predator model than fry that are orphaned (Huntingford &
Wright 1993).

The amount of parental influence on the ontogeny of antipredator behavior m
young will likely vary with the time young are dependent on their parents. With
extended parental care, young may have many opportunities to observe and learn from
their parents’ antipredator behaviors (e.g. Cheney & Seyfarth 1990; Poran & Coss 1990).
Thus, the length of dependency on parents will inﬂuem;c the development of offspring’s
antipredator repertoires, and extended parental care may result in variable pathways of
behavioral dcvelofment, including social facilitation of responses to predators.

In highly social species, young animals may live and interact regularly with their
own parents as well as other experienced adults (¢.g. gregarious birds Vand colonial
species). In these species several members of a group may produce offspring and
therefore exhibit heightened vigilance associated with predators. Juveniles raised in these

groups may not be restricted to learning skills from their own parents, but rather may
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have the opportunity to learn life skills from .ot]her experienced group members. In
general, we need to understand the role of conspecifics in the acquisition of appropriate
anti—pl;edator behavior. That role may be direct, e.g., observational learning of specific
behaviors, or indﬁrect, e.g., decreasing a threshold for response or distracting a potential
predator.

Reintroduction of captive-bred endangered species is one context in which
information on how animals learn about predators is of practical as well as theoretical
importance (Kleiman, 1989). Captive environments rﬁay fail to provide the predator-
related experiences necessary to ensure survival upon release into native habitat, and
even the skills of wild-caught individuals may erode while in captivity (Kleimén 1989).
Conéequently, several recent studies, particularly in fish, have examined how amimals
learn to recognize and avoid predators (Kelly & Magurran 2003), and predator training
(e.g., providing critical predator-related experiences) is becoming part of some captive
breeding programs (Mirza & Chivers 2000; Jarvi & Uglem 1993; McLean et al. 1996;
McLean et al. 2000; Yoerg & Shier 1997): But with training as well as with general
theory, our understanding of the developmental pn‘oceSses supporting antipredator
behavior is relatively poor (but see Miller et al. 1990; Yoerg & Shier 1997). To be most
effective, antipredator training should mimic the criti;zal features of ontogenetic processes
in the wild: the experimental treatments used, the developmental timing of the traiming,
and the social and physical context in which it occurs must all be appropriate.

The primary goal of the present sfudy was to irhestigate how social context
affects the deve:lopmcnt of antipredator behavior in juvenile black-tailed prairie dogs

(Cynomys ludovicianus) and ultimately survival following release to the wild. Black-
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tailed prairie dogs are prey to a variety of predators, including black-footed ferrets,
raptors, snakes, coyotes, weasels and bobcats. They are a colonial species that lives in
social groups called coteries which typically contain one adult male, several adult
females, yearling males and females, and jﬁveniles (young of the year)(Hoogland 1995).
Adult antipredator behavior is well-studied. Adult prairie dogs bark repelitiously,
warning offspring and nondescendant kin of impending danger in the presence of
mammals and aerial predators (Hoogland 1995). Upon hearing a bark alarm call, prairie
dogs scan for prédators and if one is detected, run to éburrow mound and either enter or
begin calling (Hoogland 1995). Interactions with snakes are characteristically
confrontational. Adult prairie dogs typically orient towards and approach ﬂle snake in an
elongated posture, sniff, jump away and give distinct jump-yips calls and/or footdrum
(Owings & Owings 1979; Owings & Loughry 1985). They also attack snakes (i.c. biting,
swatting; Owings & Loughry 1985) and have been observed to throw substrate at them
(D. Shier, pers. obs.). Newly emergent juveniles remain close to burrows, are vigilant,
and forage little (Loughry 1992). Juveniles jump-yip at higher rates upon emergence
than in subsequent weeks (Loughry 1992), but rarely bark or footdmm.unti] they have
been above ground for a few months (Hoogland 1995).

Tt is likely that social experience is essential for the development of antipredator
behavior in prairie dogs. Mothers call more often after first juveniles emerge than males
or nonmaternal females (Hoo gland 1995) and therefore may play an. essential role in the
development of effective anti-predator behavior. Newly emergent juveniles may benefit
equally from all maternal females in their coterie since several females in a coterie may

be reproductive at the same time (Hoogland 1995). Because newly emerged juveniles are

29



highly vulnerable to predation, individuals that can recognize life-threatening situations
sooner may be more likely to escape from an otherwise fatal predator encounter.

The experiment was designed to detenﬁine: 1) whether newly emerged juvenile
prairie dogs with no prior above-ground predator experience would exhibit functionally
appropriate antipredator responses to 3 different predators under the influence of |
experienced adults (demonstrators); 2) if trained captive-reared juveniles behave
similarly to wild-reared juveniles of the same age; and 3) whether juvenile prairie dogs
trained with experienced adults (demonstratofs) shoﬁ hjgher survival than juveniles

trained without experienced adults one-year after release.

METHODS

This experiment involved two groups of individuals. The first group was trapped
at emergence from their natal burrows and brought into captivity for experimental
manipulation of predator experience (captive-reared). The second group of juveniles was
from the same coteries bﬁt raised in the wild (trapped 7 weeks laicr; wild-reared). 1 first
compare the behavior of captive-reared juveniles raised and trained with experienced
adult demonstrators and those exposed to pfedators without experienced adults. Ithen
compare the behavior of a swbset of the captive-reared juveniles to that of a subset of the
wild-reared juveniles. Finally, éll juveniles (captive and wild-reared) were released to the

wild and survival was assessed one-year post release.
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Experimental Manipulation of Predator Experience

Subjects and Housing.

Subjects were 36 prairie dog juveniles producéd by 8 wild-caught females.
Juvenile prairie dogs were live trapped on Vermejo Park Ranch, Colfax County New
Mexico within 1-2 days of emergence to prevent mixing of litteis within a coterie: I
trapped all juveniles in a litter along with their mother and transferred them to field
enclosures on the property. In order to control for genetic variation, females and litters
were collected from the same (r = 0.5) or neighboring (r > 0.375) coteries (Hoogland
1995). Each female was housed with her litter in a separaté wire mesh enclosure (2 x 2%
3 m) with a metal frame and a mesh canopy over the fop. The mesh canopy prevented
attacks by raptors but allowed exposure to other potentially important environmental
cues. Animals were provided with a burrow system of black PVC tubing and a wood
nest box 03x ‘0.3 x 0.5m), which was buried in 0.3 m of dirt to simulate natural burrow
systems. Juveniles Were' dye-marked and eartagged for individual idmﬁﬁcati®,
Femalés and juveniles were allowed to habituate to the enclosures for 1 week prior to

pre-training tests.

Experimental Protocol.

Each focal juvenile was given a pre-training test (assessment of baseline
antipredator behavior), a 5-week training period involving 2 exposures to predators each

week, and a post-training test (Table. 2. 1).
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Pre-Training Tests.

At age 49 days (1 week following natural emergence), 1 began pre-testing each
focal juvenile (7 = 36; one test/day) with 1)’ a live black-footed ferret (Mustela nigripes),
2) a live rattlesnake (Crotalus viridis), 3) a moving, taxidermically-mounted red-tailed
hawk (Buteo jamaicensis), and 4) a live desert cottontail (Sylvilagus auduboni) (non-

| prédator stimulus). Black-footed ferrets and rattlesnakes are natural predators of prairie
dogs (Hoogland 1995). The hawk (taxidermic mounf with wings extended) served as a
moving model aerial predator. Cottontails are also present in the natural environment of
prairie dogs but are not predators. Different predators of prairie dogs have different
hunting styles, thus it is importanf for captive born juveniles fo experience the full range
of types of threats from predators. The pre-training tests esfablished baseline rates of

behavior to be compared with the same behaviors in the post-training tests.

All testing occurred in the focal animal’s home cage. During the pre-training
tests I removed the mother and all siblings exéept the focal subject from the home cage
(to eliminate the effects of the social environment during exposure and test habituation
learning), placed a mesh barrier or box in the home cage, and then allowed the focal
subject to habituate to the testing conditions for 10 min. Ithen placed the test stimulus
behind the barrier or in the mesh box. The hawk presehtation required a different
procedure, The hawk was hooked to a cable anﬂ entered the enclosure at a -45 °angle
from the top of a 5 m tower. 1 presented ﬁe hawk midway through the tests. The order
of stimuli was counterbalanced to avoid order effects. Ten-min tests were video taped.

An observer blind to treatment conditions scored the tapes. Behaviors scored included:

32



vigilance (bipedal stand while oriented toward stimulus animal); shelter (time spent in or
within 10 cm of nest box or burrow); activity (mumber of quadram changes); and alarm
vocalizations (frequency of barking or jump-yipping); fleeing (rapid movement away
from the stimulus animal); and digging (movement of sand with either forefeet and/or

hindfeet).

Developmental Conditions — Training

Following the pre-training tests, one juvenile from each litter was randomly
assigned to one of two developmental treatments (n = 18 per treatment): (a) Experienced
Adult (EA), in which the focal juvenile was trained with an experienced adult female
demonstrator (raised and trained with either their mother or é close relative from their
hdme coterie) or (b) Without Experienced Adult, (WEA) where the focal juvenile was
“rained” without an experienced adult (raised and exposed to predators and the control
stimulus ammall with inaxperienced littermates or raised with their mother but exposed to

“stimulus animals alone). Training periods were ten-min sessions in which either the
ferret, snake or cottontail is placed behind a mesh barrier or in a mesh box in the focal
prairie dog home cage or the hawk was presenteﬂ via the pulley system midway through
the session. Once juveniles were assigned to a treatment, they remained housed in that
treatment for the duration of thé experiment. Each juvenile from the two conditions was
exposed to the ferret and rattlesnake two times and hawk and cottontail three times duﬁng
the five-week period (two cxposmres/week; Figure 1). Littermates that were not chosen
to be focal subjects participated as siblings in condition (b), to control for the presence of

an experienced animal. In order to control for possible effects related to sex, the number
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of male and female juveniles from each litter were divided equally among the two

groups.

Post-training tests.

To measure the change in behavior, if any, due to prcda;tdr exposure, each focal
juvenile was tested after the five-week treatment period with each type of predator and
the non-predator stimulus. The post-training tests followed the same guidelines and
procedures as the pre-training tests. Four exemplars of each stimulus animal were used
during training and tests to provide more natural variation in predator-based experience

and to prevent habituation to a particular stimulus animal.

Comparison to Wild-reared Counterparts.

Once post-tests were complete, all remaining coterie members in the wild were
trapped and brought into the enclosures (n = 14 adult males; 19 adult females; 14 juvenile
males; 16 juvenile females). The newly trapped prairic dogs were given 1-3 days to
habituate to the enclosures. A subset of the wild-reared juveniles (4 males; 5 females)
were then tested with each stimulus animal following the same guidelines and procedures
for the pre-training tests. The behavior of wild-reared juveniles and those captive-reared

and trained with experienced adults were compared.

Analysis of Behavioral Responses.

1 used t-tests for each dependent variable to test for sex differences in behavior in
_ the pre-=training test and again in the post-training test. All t-tests were statistically non-
significant with alpha = 0.05, therefore I combined males and females in subsequent

analyses and did not include sex as a factor. I analyzed pre-training tests using one-way
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ANOVA'’s with stimulus type (ferret, hawk, snake & cottontail) as a within subjects
factor and used Bonferroni post hoc tests to examine pairwise differences in respomnses to
each predator type and control.

Because prairie dogs behaved differently in the presence of different predator
types during pre-tests, 1 conducted statistical analyses for eabh predator type svep‘mately
(ferre’(, ‘hawk, snake, cottontail). Therefore, to examine the effects of social context on
training, for each predator a two-factor repeated measures ANOVA (pre vs. post-training
tests) was employed with developmental treatment (EA vs. WEA) as the Between
subjects variable.

To determine if vigilance and alarm calling levels of demonstrators were
predictive of juvenile prairie dog behavior, for each demonstrator I randomly selected
one training period with each type of stimulus animal and determined the frequency of
alarm calling and the amount of time the demonstrator spent vigilant. I then conducted
regression analyses to determine if demonstrator behavior was predictive of juvemile

responses during post-training tests.

To investigate differences in behavior between wild-reared and captive-reared
juveniles trained with experienced adults, I used a two-factor repeated measures ANOVA
with rearing comditioh (wild-reared vs. captive reared) as the between subjects factor and
predator type (ferret, hawk, and snake) as the within subjects factor. Because juveniles
behaved differently with the cottontail control stimulus during the pre and post-training
tests, I analyzed tests with the cottontail s;eparatcly using a z-test for each dependent
Vaﬁable. All statistical analyses were conducted ﬁsing SPSS version 12 for Windows

(SPSS Inc.).
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Measuring training success.

At the end of the experiment all animals (captive reared; n = 34 and wild-reared; n
= 30) in addition to all adults from their coteries were released in a newly-established
prairie dog town to measure survival and reproductive success. I used “soft release”
protocol established by Truett and Savage (1998) which allowed animals to habituate to
the new site and remain protected from predators while digging new burrow systems.
Coterie units were kept together to decrease stress and dampen post-release dispersal (see
(Truett & Savage 1998).

I compared the frequency of survival of reintroduced and translocated animals in
spring‘2002 to determine if the survival rate of animals brought into captivity and trained

differed from the survival rate of translocated animals from the same coteries.

- RESULTS

Description of alarm behavior

Juvenile prairie dogs were very responsive to the three predators and desert

cottontail control. Initially, they stood alert, often on their hind feet stretched upright, to

- scan the area and watch the predator or cottontail. Alert behavior was followed by either

running to shelter and standing in bipedal or quadrapedal alert postures with tail erect, or
repeatedly approaching the predator in an elongated posture and jumping or slowly
moving away. Occasionally, prairie dogs gave barking or jump-yipping calls and/or
footdrummed. Whﬂe barking was observed during tests with all four»stimulus anmimals,
jump-yipping and footdrumming were only exhibited during tests with the snake. Prairie
dogs either hit their hind feet on the ground during the jump-yipping calls or they stood in

a quadrapedal posture and hit the proximal ends of their hind feet on the ground.
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Pre-training tests

On first presentation, newly emergent juvenile prairie dogs behaved differently
toward the four stimulus animals (Fig. 2.1). The predator and non-predator stimulus
animals (ferret, snake, hawk and cottontail) evoked significantly different activity levels,
amount of time allocated to vigilance, frequency of alarm calling and fleeing
(respectively: F3 13, = 4.093, P=0.008; F3132=3.001, P=0.033; F3,132=76.173, P <
0.0001; F313,=4.149, P =0.008, Fig. 2.1) . Activity was substantially lower when
juveniles were paired with the snake than with the ferret (Bonferroni poéﬂt hoc test: P =
0.025), whereas juveniles spent significantly less time vigilant (oriented toward and alert)
 in the presence of the ferret than the snake (Bonferroni post hoc test: P = 0.04). Thé
hawk elicited the most flecing behavior (Bonferroni post hoc tests: vs. ferret, P = 0.025,
vs. cottontail, P = 0.036, vs. snake, P = 0.025), while the snake elicited the most alarm
vocalizations (Bonferroni post hoc tests: vs. ferret, P = 0.0001, vs. hawk, P = 0.00001,
vs. cottontail, P = 0.0001). Juveniles did not, however, allocate time differently to shelter

during pre-training tests with the different stimulus animals.

Effect of social context on training

The presence of an experienced adult demonstrator made a difference i the
impact of training with the four stimulus animals (Fig. 2.2). In general, juveniles trained
with an experienced adult present were much more wary following training with an four
stimulus animals than juveniles trained without an experienced demonstrator.

During exposure to the ferret, juveniles in both groups exhibited significantly less

activity during the post-training test than during the pre-training test (main effect: Fy 32 =
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16.424, P < 0.0001) while increasing their bark vocalizations (main effect: F) 3; =43.012,
P < 0.000), time spent vigilant (main effect: F) 3, = 5.395, P = 0.027) and time spent in
shelter: (main effect: Fy3; = 5.395, P = 0.027). However, these differences during the
ferret trials were driven by juvéniles trained with an experienced adult demonstrator
(statistical interaction effect between developmental condition and time (activity: Fi 32 =
4.576, P = 0.04; bark vocalization: F) 35, = 24.306, P <0.0001; vigilance: Fy 3 =5473, P
= 0.026; shelter: F, 33 = 4.910, P = 0.034; Fig. 2.2). In the presence of the hawk, there
was no significant difference in activity or vigilance ﬁ'om pre- to post-training trials
* (activity: Fi3 = 1.102, P = 0.302; vigilance: Fi3 = 3.235, P= 0.082; Fig. 2.2). Albeit,
juveniles trained without experiénced demonstrators decreased time allocated to vigilance
while juveniles trained with experienced demonstrators did not (developmental condition
X time interaction: F 32 = 4.12, P = 0.050; Fig. 2.2). There was an overall increase in
baﬂc vocalizations and time spent in shelter following training (bark vocalization: F 3 =
16.257, P < 0,0001; Fy 35 = 23.677, P < 0.001), and this effect appears much more
pronounéed for juveniles trained with experienced demonstrators (statistical interaction
effect developmental condition X time: bark vocalization Fy 3, = 9.545, P = 0.004,
shelter: F1 32 = 10.725, P = 0.003; Fig. 2.2).

- All juveniles were more active foliowing training with the snake (main effect:
F\33 =9.781, P = 0.004); however, the differences were greater for juveniles trained
without experienced demonstrators (developmental condition x time interaction: Fy,3; =
4.810, P =0.036; Fig. 2.2). Overall, juveniles did not allocate time to vigilance or jump-
yipping vocalizations differently during pre and post-training tésts with the snake

(vigilance main effect: Fy3; =0.879, P = 0.355; jump-yipping vocalization main effect:
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F13;,=0.013, P = 0.909), but juveniles trained with experienced demonstrators showed
an increase in jump-yipping from pre to post-training while those trained without
experienced demomshators decreased jump-yipping vocalizations (ANOVA:
developmental condition X time interaction: F 5, = 6.560, P = 0.015; Fig. 2.2). There
was a statistically significant decrease in the amount of time juveniles spent in or near
shelter following training (main effect: F)3; = 8.369, P = 0.007). This result appears fo
be driven by juveniles trained without experienced adults (developmental condition X
time interaction: Fy 3; = 11.357, P = 0.002; Fig. 3) as juvemiles trained with experienced
adults show a slight increase in time spent in shelter following training (Fig. 2.2).
Finally, in tests with the cottontail (coﬁtrol stimulus), juveniles were more active
and less vigilant following training (activity main effect: F;3;=7.178, P=0.012;
vigilance niain effect: Fy 3; = 14.030, P =0.001; Fig. 2.2). Again these results appear to
be differentially driven by juveniles in the different treatment groups. Juveniles trained
without experienced demonstrators show a striking increase in activity and substantial
decrease in vigilance when tested with the cottontail, whereas juveniles trained with
experienced demonstrators show vhrtﬁa]ly no behavioral differences from pre to post
training trials (developmental condition x time interaction: activity F; 3; = 6.508, P =
0.016; vigilance: F; 3, =4.677, P = 0.038; Fig. 2.2). There was no statistically significgni
difference in the frequency of alarm vocalizations or amount of timq juveniles spent in
shelter following training with the cottontail b(alarm vocalizations main effect: Fi3;=

2.105, P=0.157; F 3, = 2.447, P = 0.128; Fig. 2.2).
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Relationship to demonstrator behavior

During training, the vigilance behavior and alarm vocalizations of juveniles
followed closely that of the demonstrator prairie dogs with which they were housed.
Formal analysis revealed that demoﬁstratm behavior during training was predictive of
juvenile behavior during post-training tests (vigilance: 7* = 0.749, P < 0.001; alarm

vocalizations: = 0.317, P=0.01).

Captive vs. Wild-reared Juveniles

Juveniles ]reared in captivity and trained with experienced adult females behaved
differently during post-training tests than juveniles of the same age reared in the wild. In
general, wild-reared juveniles were more wary, alarm calling and allocating more time to
vigilance (alarm vocalization niaﬁn effect: F; 25 = 12.625, P = 0.002); vigilance main
effect: Fy 25 = 8.545, P = 0.007), but spending less time in shelter than captive-reared
juveniles (shelter main effect: F; 25 = 10.134, P = 0.004; Fig. 2.3). Overall, juvenile
prairie dogs behave differently in the presence of different predators (ANOVA: predator
type: alarm vocalization: F 5o = 7.942, P = 0.001; vigilance: F5 50 = 19.140, P < 0.0001;
shelter: F5 50 =11.590, P < 0.0001; and activity: > 50 =24.918, P < 6.0001), and more
speciﬂcally, the results suggest that captive-reared and wild-reared juveniles do not
differentiate among the predators in the same way (statistical interaction of predator type
X rearing condition (ANOVA: a]arm voéalizantion: F,50=3.915, P = 0.026; vigilance:
Fa50=13.029, P < 0.0001; activity: F3 50 = 19.600, P < 0.0001). For example, captive-

_reared juveniles were more active than captive-reared juveniles in trials with the hawk,
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but less active when tested with the snake. Finally, when tested with the cottontail
control wild-reared juveniles were more active and spent less time in shelter than captive-
reared juveniles trained with experienced adults (activity: # 25 = -2.899, P = 0.008; and

shelter: ¢ 25 = 2.245, P = 0.034).

Training Success

Social context and rearing condition affected survival following release.
~ Juveniles raised and exposed to predators in the presence of an expérienced adult female
frdm their home coterie were more likely to survive for one year post-reiease than
juveniles trained without an experienced adult (Xé =51, P= 0.017; Fig. 2.4a). Juveniles
raised in the wild and translocated to a new site showed a significantly higher frequency
of survival one-year post-release than juveniles raised in captivity, trained with predators,
and reintroduced (X* = 3.979, P = 0.043; Fig. 2.4b). However, wild-raised juveniles were

not more likely to survive than trained captive-raised juveniles (X*=0.119,P= 0.7 32).

DISCUSSION

The results of this study show that at emergence juveﬁile prairie dogs differentiate
among predators. During iniﬁal eﬁcposuré with the three predators and cottontail control,
juveniles were less active and more vigilant with the rattlesnake than with the ferret,
alarm-called the most during interactions with the rattlesnake, and exhibited fleeing
behavior almost exclusively in the presence of the hawk. The differences in alarm
behavior with the different predator typeé suggest tliat the immediate pattern of
stimulation presented by each predator influences the alarm behavior of juvenile prairie

dogs. Snakes are ambush predators that rely on stealth, rather than speed, and prey -
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primarily on relatively young prairie dog pups (i.e. pre- and newly emerged juveniles;
Loughry 1987). Like young ground squirrels (Spermophilus beecheyi), newly emergent
prairie dogs may exhibit adﬁlt-like defensive behaviors in the absence of cxpcﬁence with
snakes (Owings & Coss 1977; Poran & Coss 1990). However, because snakes enter
burrows prior to juvenile emergence, some juveniles may have had experience with
snakes before testing. While it is unlikely that juvenile prairie dogs had any prior

| experience with hawks, ferrets, or cottontails since they were trapped at emergence,
haWks were a looming threat that may not require exi:erience to elicit avoidance behavior
(Giles 1984; Hanson & Coss 1997). Not surprisingly, newly emergént juvemileé ﬂcd
away from the flying hawk. Juvenile prairie dogs did not behave differently in tests with
ferrets and cottontails at emergence, suggesting that distinction between these animals
requires sf)mc form of experience or learning after emergence.

My findings may provide the first demonstration of observational conditioning in
a small mammal. Antipredator responses were socially transmitted to predator-naive
juveniles. Juvenile prairie dogs that were.trained with experienced adults from their
home coterie became more wary when expdsed to predators and me control stimulis
animal than juveniles trained without experienced demonstrators. Following training,
experienced-adult trained animals alarm c»alled, were vigilant, reduced activity, and spent
time in shelter in the presence of all four stimulus animals. In contrast, juveniles trained
without experienced adults Iarer alarm called, reduced vigilance, increased activity, and
spent less time in shelter following trainihg with the predators and the control animal.
Fﬁrther, levels of vigilance and alarm vocalizations in demonstrators during training wérev

predictive of juvenile prairie dog behavior during the post-training tests. This pattern of
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results sﬁggests that juvenile prairie dogs attended to thé behavior of the demonstrator, if
present, and that this altered their subsequent responses to the predators and cottontail.

Does training young prairie dogs in captivity elicit antipredator behavior similar
to experience in the wild? The results suggest it does not. Prior to release, trained
captive-reared juveniles spent less time vigilant and alarm calling and more time in
shelter than wild-reared juveniles of the same age. These differences are moé‘t likely due
to different environments during development. Disparity in the amount of time juveniles
spent in shelter may be due to differential exposure té the enclosure itself. -H&Wever,
habituation can not fully explain ﬂhe higher rates of alarm calling or vigilance exhibited
by the wild-reared juveniles because these behaviors varied by predator type and
therefore do not represent an ovefall heightened reactivity. Rather, these differences
- were likely due to critical features of the juvenile’s social and physical environments
during development. For example, wild-reared juveniles had the opportunity for above-
ground experience with predators in the presence of multiple group members.

For individuals that live in stable groups, such as prairie dogs, a social group,
rather than the individual or a single additional social partner, form the backdrop for
social learning (Heyes & Galef 1996), and social training regimes are likely to be more
effective because they mimic natural processes. Not surprisingly, research has begun to
reveal the various influences of social context on leaming (number of dgmonstratms,
Galef & Whiskin 1997; Leland & Williams 1997, demonstrator status, Drea & Wallen
1999; Nicol & Pope 1999; and housing environment, Tscernichovski & Nottebohm 1998;
Beecher 1996) and suggests that what an individual leams \;vil] depend on the context in

which it is presented. In this study, naive juveniles were exposed to predators with only
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-one demonstrator present. It is possible that the behavioral differences between captive

and wild-reared individuals were simply due to the number of demonstrators present
during interaction&with predator stimuli. Alternatively or in addition, the complex
interactions between multiple individuals and their environment may be required for the
development of appropriate skills. Tt seems reasonable to assert that wa‘tching thé fearful
behavior of nearby individuals has contagious pr‘operties (see de Gelder et al. 2004).
These types of interactions were not faithfully replicated in this captive setting. Further
studies examining the effectiveness of predator traimiﬁg in the presence of intact social
groups may shed light on t]]is‘ dynamic process. |
Finally, pre-release behavior after training appears to translate to post-release
survival. Previously, Shier (unpublished data) showed that training juveﬁile prairie dogs
with predators increased survival following release compared with naive juveniles. The
present study provides the first evidence that social transmission of antipredator behavior
during training can enhance survival following release. Juveniles trained with
experienced demonstrators while in captivity were more likely to survive one year post-
release than those exposed to predators without experienced demonstrators. These results
encourage further investigation into the application of séciall experience and/or learning
in predator training, particularly for species in which captive-breeding is the only viable
alternative. However, they also imply that captive-breeding, traiging, and reintroduction
should be used only as a last ditch effort. Wild-reared juveniles translocated to the same
site were more likely to survive than trained captive-reared juveniles. Yet, there was no
difference in the su:rvivati of juveniles brought into captivity at emergence and trained

with experienced adult demonstrators and those franslocated. Nevertheless, further
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research is needed to examine the role of pre-emergent experience on the development of
survival skills before captive breeding, training and reintroduction can be verified as a
valid conservation strategy for this species. Therefore, if possible, translocation must

continue to take precedent over captive-breeding reintroduction for populations in peril.
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TABLES AND FIGURES
Table 2.1 Experimental design

TREATMENT
WEEK Trained withan = Traimed without an
’ _experienced adult female ___experienced adult female
0 (pre-test) , (pre-test)
1 hawk hawk
cottontail cottontail
5 ferret ferret
snake snake
3 cottontail > cottontail
snake ' snake
4 hawk hawk
ferret ferret
5 snake snake
cottontail cottontail
6 (post-test) (post-test)
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Figure Legends

Figure 2.1. Differences in juvenile behavior during pre-training tests with different
stimulus animals (Ferret, Hawk, Snake and Cottontail) in terms of a) alarm vocalizations;

b) vigilance, c) fleeing and d)' activity. Means + SEs are shown.

Figure 2.2. Effects of social context for juveniles raised and exposed to stimulus amimals
with expericnce'd adults (o; mom and adult female) and without experienced adults (m;
siblihg and alone) and stimulus type (ferret, hawk, snake and cottontail) on a) activity, b)
alarm vocalizations (barking and jmnp—yip]ping), c) vigilance, and d) time spent in or near

shelter during pre and post-training tests. Means + SEs are shown.

Figure 2.3. Effects of rearing condition (captive-reared and trained with experienced
adults during post-training tests (m), and wild-reared (o)) and stimulus type (ferret, hawk,
snake & cottontail) on behavior: a) mean frequency of alarm vocalizations, b) mean time
spent vigilant, ¢) mean time spent in or near shelter, and d) mean frequency of activity.

Means + SEs are shown.

Figure 2.4. Differences in mean percent survival (+ SEs) of juveniles a) exposed to
predators with experienced adults vs. juveniles exposed to predators without experienced
| adults and b) captive-reared, trained and reintroduced vs. wild-reared and translocated.

Mean percent + SEs are shown.
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Figure 2.2.
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Figure 2.3.
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Figure 2.4
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CHAPTER 3: FAMILY SUPPORT INCREASES THE SUCCESS OF
: TRANSLOCATED PRAIRIE DOGS
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ABSTRACT

Transiocation has become a widely used conservation tool but remains oniy
marginally successful. High mortalﬂy is often attribwted to predation, but for highly
social species, founder group composition may also play a critical role in post-release
survival. Here, I show that maintaining family groups significantly increases
translocation success in terms of both survival and reproductive success in the highly
social black-tailed prairie dog (Cynomys ludovicianus). The results suggest that family-
translocation may reduce the effects of predation on newly established prairie dog
colonies and imply that any species that depends on social intemétions for survival and
reproduction 'may benefit substantially from the maintenance of social gmup's during

translocations.
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INTRODUCTION

The goal of translocation is to increase the viability of a species by releasing
individuals into new sites within the speéies’ historic range. Unfortunately, heavy
mortality often limits the success of translocation programs. The blame for such
mortality has long been placed on post-release behavior (Kleiman 1989), but tests of this
hypothesis await controlled experimentation.

Upon release, animals need to find shelter a.nd may have to modify the new site to
accommodate their needs, e.g., by digging burrows. Until these modifications are
complete, predation.mtcs can be high. Vulnerability to predation méy also be clevated by
dispersal from a release site, a common resporisc to translocation (Griffith et a1'. 1989).
Dispersal may be high initially because animals are faithful to their previous locations,
are not familiar with the biological and physical characteristics of their new surroundings,
or lack social relationships with the individuals with whom they were released.

Recent efforts to enhance the'ejffectiveness of translocation have turned to
questions about founder group composition. - Translocation research has begun to address
elements of founder groups, such as age and sex ratios, and group size (Clarke & -
Schedvin 1997, Armstrong et al. 1999; Cooper & Walters 2002), but this research has
essentially ignored the re]lationéhips between individuals, notably parent-offspring and
siblings relationships (but see Armstrong et al. 19945). The benefits of group living .have
been documented for maﬁy taxa (Mﬁmdm 1974; Slobodchikoff & Schultz 1988) and
experienced kin can shape the development of appropriate survival skills in juveniles,
from food-finding to predator defense to mate selection (see reviews in: Freeberg 2000;

Galef 1989a; Griffin et al. 2000). Familiarity with conspecifics following translocation is

57



especially likely to enhance survival in social species (Kleiman 1989), but this factor has
been examined in a controlled way only in less socially-complex territorial birds
(Armstrong 1995). |

In the present study, I examined the impact of maintaining family groups in a large
scale translocation of black-tailed prairie dogs. Prairie dogs are obligatorily social and
live in ;erﬁtoﬁal harem-polygynous family groups (coteries) within larger colonies
(Hoogland 1995). Females are philopatric and thus coteries contain highly related
females (Hoogland 1995) and genetic differemﬁatioﬁbctween coteries can be as high as
the differentiation between colonies (Dobson et al. 1997).

A keystone species (Kotliar et al. 1999), black-tailed prairie dogs play an integral
role in the grassland ecosystem, inﬂuencmg vegetative struéture, grazing by ungulates,
environmental heterogeneity, plant succession, hydrology, nutrient cycling, and
biodiversity (Kotliar et al. 1999). Colonies of black-tailed prairie dogs provide habitat
for an estimated 140 species, including several threatened or endangered species, such as
black-footed ferrets (Mustela nigripes) (Sharps & Uresk 1990), burrowing owls (Athene
cunicularia), ferruginous hawks (Buteo regalis), and tiger salamanders (Admbystoma
tigrinum) (Hoogland 1995).

Black-tailed pmirie dogs have declined an estimated 98% from the numbers that
once occupied between 400,000 and 1 million km? of the Great Plains before European
settlement (Mac et al. 1998). The sources of this decline include convérsion of grassland
to cropland, poisoning programs, recreational hunting, and sylvatic plague (Yersinia
pestis) (Cully 1993). Most remaining iowns of this species are <40 ha in size and

isolated from other towns. The U.S. Fish and Wildlife Service recently designated the
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black-tailed prairie dog as a candidate species, warranted for listing as threatened but
precluded for administrative reasons. This case is currently reviewed annually (Service
2000). Such federal action has stimulated conservation involvement by privaie

organizations as well as 11 states in the species’ original range. Current efforts to

-conserve prairie dogs have relied in part on translocating animals to suppleménl small

populations or to restore extirpated ones.

Prairie dog translocation methodology has been far from effective. Survival rates

~ following translocations seldom exceed 40% and frequently are much lower (Truett et al.

2001). Current methods are not sensitive to the importance of social factors; prairie dogs
are trapped and translocated without regard to family mémbmrship and before newly
emergent young are iikely to have developed appropriate survival skills.

The obvious alternative of keeping family groups together during translocation is
not trivial because it requires marking and observing the animals prior to translocation.
The main goal of this study was to determine whether maintaining family groups is both
effective and efficient. Given the complex social nature of prairie dogs, I predicted that

translocating intact family groups would increase translocation success.

"METHODS
Study Site.
I studied prairie dogs on the Vermejo Park Ranch in Colfax County, New Mexico
(36° N, 104° W, elevation 1850 m). C. fudoviciam:s inhabit the short grass prairies in the

southeastern portion of the ranch. Vegetation is dominated by Blue grama (Bouteloua
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gracilis), buffalograss (Buchl;)e dactyloides), and tobosagrass (Hilaria mutica), which are

common in short grass prairies and adapted to heavy grazing;

Site selection and establishment.

During the springs of 2001 and 2002, ten uninhabited sites were selected by the
wildlife manager on the property and myself within the historical range of black-tailed
prairie dogs (Fig. 3.1), based on soil quality (deep well-drained soils of sandy loam clay
texture), vegetation cover, slope (<6%) and location on the ranch. Sites were mowed to
allow for good horizontal visibility by the animals. Pairs of family-translocated (FT) and
non-family-translocated (NFT) sites were matched for soil, vegetation cover, slope,
proximity on the ranch, and sex and age ratios to control for these factors, but also
analyzed for differences in soil, vegetation cover, and slope (see below).

Sites were prepared for “soft release” in order to limit dispersal and allow prairie

dogs to acclimate to the new site (Truett et al. 2001). Twenty artificial burrows were -

placed 25 m apart in a 5 x 4 grid configuration in each site. Artificial burrows consisted

-of a cylindrical underground wire retention basket (0.3 m diameter x 0.3 m) set 1 fo 1.5 m

underground, a corrugated plastic tube (10-cm diameter drainpipe), which connected the
basket to the surface, and an above-ground retention cage (1 m x 1 m x .3 m). This
design allowed movement of prairie dogs between the retention basket and the above-
ground retention cage, but precluded escape during the acc]limaﬁoq period (Truett et al.
2001). Each grid was tempdrarily surrounded with a battery- powered electric-tape fence

to deter predation attempts by coyotes and disturbance by bison (Bison bison).
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Study Subjects.

Subjects were 973 wild-caught black-tailed prairie dogs, (232 juvenile males, 212
adult males, 269 juvenile females, 260 adult females) divided into two treatment groups:
family-translocated (trapped and trans]ocatgd with family members; n =,484;.5 sites, 87-
100/site) and non-family-translocated (trapped and moved without family ﬁlembers; n=
489; 5 sites, 88-103/site). Family members were trainsfened to uninhabited burrow
systems at five sites. Nonfamily members from thrcé source colonies were transferred
into artificial burrow systems at five other sites (five individuals per burrow). Irefer to
areas where animals were to be released as sites, but changed this designation to colomies

once prairie dogs established burrow systems in these sites.

Determining coterie membership and capturing and holding animals for rele:anse. :

Coterie (family) membershjp is easiest to determine prior to pup emergence in
May. Therefore, I determined coterie membership during March and April by trapping,
sexing, aging, dye-marking, ear-tagging, feleasing, and then observing interactions and
sleeping patterns of adult prairie dogs froﬁw. 44 coteries in five distinct source colonies. I
chose coteries randomly from the edge and center of colonies to ensure variability in
predator vigilance behavior and genotype. From mid-June to August, all animals from
the designated coteries were trapped again, including previously marked individuals and
emergent young. Animals were classified as adults if they were >1 year of age and

juveniles if they were newly emergent young.

Prairie dogs were transferred to holding cages (Havahart rabbit hutches; 0.6 x 0.6

x 0.4 m) in an indoor temperature-controlled facility and held until 100 animals were
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captured (<2 weeks). Nonfamily-translocated animals were trapped following standard
methods (removing animals from large source colonies and mixing them in holding
cages; (Truett et al. 2001) and were weighed, ear-tagged, aged, sexed and held in the
holding facility under the same conditions. Prairie dogs were fed timothy hay, cattle
block, and fresh vegetables daily and given water ad 1ib while in the holding facility. All
transfers occurred between the end of June and August of 2001 and 2002. Translocation
earlier in the season conflicts with pup emergence, aﬁd later in the season prairie dogs

may not have enough time to establish new burrows prior to early snows in the fall.

Release to new site.

Once approximately 100 animals wefc captured, they were transported to above-
ground retention cages at one of the new sites (Fig. 3.1). I placed four to seven animals
in a retention cage depending on number and sex ratio of animals in a coterie. If a coterie
contained fewer than seven members, all animals were placed into the same artificial
burrow system. Otherwise I split the coterie among aidj acent artificial burrow systems.
For the nonfamily-translocated animals, one fnale, two females and two pups were placed
into each retention cage at a new site. The ratio of adult males to adult females in
retetition cages varied slightly depending on the number of each released on a site. FT
and NFT colonies in a matched pair were rcléased within 2 weeks of each other to control
for possible seasonal effects. All animals were provisioned with hay, cattle block, fresh
vegetables and water every other day for 7 days. At the end of the acclimation period,
the above-ground retention cages and electric fence were removed; underground retention

baskets and artificial burrows were left in place. We attempted to minimize predation by
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driving by and chasing potential predators off each pair of sites at least three times per

week for the first month following release.

Post-Release Behavior.

My field assistants, the wildlife manager, and I observed the prairie dogs during
the first 2 hours following release from the retention cages and documgmed the presencé
or absence of the following behaviors: alarm calling, allogrooming, foraging, ranging
outside mowed areas, tactile greeting and play. Dispersal was documented only in cases
where animals were retrapped at a different colony from which they were released. Two
weeks following release, I drove a vehicle to within 150 m of each 2001 release site and
used instantaneous scan sampling to quantify the number of individuals: vigilant (prairie
dog in bipedal stance, oriented towards vehicle), foraging (prairie dog placing vegetation
in mouth with forefeet), or digging (prairie dog moving dirt with forefeet, hindfeet, or
both). One year post-release, each of the 10 new sites was observed for a mimimum of 25
~ hours. I drove to within 100 m of the edge of a colony, selected a focal “coterie” at
random, and observed all coterie mémbers above ground with binoculars for 1 hour.
Three to seven coteries were observed pér day and all burrow systems were observed one
to three times over the course of the summer for a total of 386 hours of focal coterie

observation during the study.

' Burrow Establishment,

My field assistants and I counted bn’nrows and used a GPS receiver to document
the position of each one established on each new site at seven different points following |

the 2001 release: 3-5 days, 1 week, 2 weeks, 4 weeks, 6 weeks, 1 year and 2 years. The
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same procedure was used for the 2002 release, but burrows were assessed only once, 1
year post release. To quantify the amount of protective burrow room available in the
early stages of establishment and the complexity of the burrow system as the season
pro gfessed, burrows were categorized as starter BmTOWS (sheltered at least one-half of
prairie dog body length, 0.15-0.25 m), full burrows (sheltered adult prairie ddg
comipletely, >0.25m) or mound burrows (full burrow with mound of dirt >0.15 m at
opening; indicating extensive excavation). Only full or mound burrows with fresh

digging and prairie dog scat were counted for burrow establishment analysis.

Habitat Features. -

Though I paired colonies by vegetation cover, soil qﬁality, and slope (see above),
I assessed differences in these variables to confirm that no significant differences existed

between sites within a pair.

Vegetation cover

I conducted vegetation analysis of sample plots at each new colony and each
source colony to determine percent vegetation cover. I placed a 1 x 1 m square quadrat
(with 10 cm tic marks) ;andomly at 10 locations within each colony. Itook digital
photographs of each quadrat under cloudy skies or low sun angles with a Canon 10D
camera through a 20-35 mm lens (Canon Corporation). Images were transferred to
Adobe Photoshop and overlayed with a 10 x 10 cell grid to obtain estimates of mean total
percent of vegetation cover and mean pefcent of ope]ﬁ soil (methods follow Causton
1988). Cells (10 cm X 10 cm) with less than 25% cover were coded as 0, cells with 25-

75% cover were coded as 0.5, and cells with greater than 75% cover were coded as 1.
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For each quadrat, cell totals were summed, yielding a percent cover and total mean

percent cover was calculated for each site.

Soil quality and slope

I obtained soil associations within the study site in paper map form (Anderson et
al. 1982) from the U.S.D.A. for Colfax County, New Mexico. To determine soil quality,
water permeability, rooting depth, and type of vegetation supported, I manually overlaid
laﬁmde/longimde coordinates of new prairie dog colonies on soil association maps.

Slope of sites were calculated using a clinometer.

Measuring Translocation Success.

I measured translocation success by retrapping all ear tagged animals present at
the release site and cdmmting emergent young in the spring/summer following release
(May-July 2002 for the six colonies translocated in 2001 and May-June 2003 for four
colonies translocated in 2002). Prairie dog colonies in a pair were trapped at the same
time to avoid any effects of time of trapping on survival estimates. Dye marking and
observation Were use to verify that all eraiﬁe dogs remaining at a colony had been
trapped. Iwalked the area in grids to determine if there were any active burrows within a
1.5-km radius, placing traps and bait at those burrows, and observing until I had trapped
any animals on the outskirts. To further ensure that no individuals were living outside of
new colonies, I took aerial photographs from a Cessna 182 aircraft at 90-150 m elevation
and cxanﬁhed the landscape for any alcti?e burrows within a 4-};111 radius of each colony.
No distinction was made between dispersa] and mortality since dispersing animals do not

contribute to the population viability of a release site. Nevertheless, successful dispersal
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greater than 3 km is extremely rare in the wild (Garrett & Franklin 1988) probably
because long-distance (>1 km) dispersers are prone to heavy mortality due to predation
and injurious interactions with residents of colonies into which they are attempting to
immigrate (Garrett & Franklin 1988). Therefore, prairie dogs were considered decease&
if they were not trapped at the colony in which they were released, or if they were not

trapped at another new colony located within 3 km of the release site (Fig. 3.1).

Population Viability.

In order to determine if viable populations were established at the colonies, I
estimated colony size during the summer of 2003 for all colonies established in 2001.
Survival was estimated by trapping and observing all animals at a random subset of
burrow clusters (a set of active burrows separated ﬁrqm.‘other burrows by >10 m) on a
new colony and multiplying the average number of animals of each age class in the focal

burrow clusters by the total number of burrow clusters on a colony.

Data Analysis.

Because half of the animals were statistically nested within families, multilevel
analytic techniques and regression with a cluster function were used to take into account
the potential for correlated data within families. Standard regression techniques could
result in biased results because they assume independence of the data from each
individual. Iconducted multilevel analyses using HGLM (Hierarchical General Linear
Modeling; Raudlenbush et al. 2003) with SURVIVAL (O=not surviving at release colony;
1= sMiﬁng at release colony) as the outcome variable because it allows modeling of

nested data using binomial outcome variables. I employed a Bernoulli model among the

66



nonlinear multilevel model options. Analysis of the best fit model was conducted using
likelih(;\(;d ratio tests.. Possible predictor variables included the following: 1) age of the
individual before translocation (0 = juvenile, 1 = adult), 2) sex of the individual (0=
male, 1 = female), and 3) weight prior to translocation. Possible family level predictors
included 1) translocation method (0 = nonfamily; 1= family, 2) time of release (day of
release counted from June 1), 3) predation pressure (scaled from 1-10 based on: the
number of artificial burrows and @dmgomd retention baskets that were dug out by
predators by the following spring, the total amount of coyote scat piesent ona coiony,'
and the total number of predators observed on a site; 4) vegetation cover on site at
release; 5) difference in vegetation cover between source and release site; 6) soil quality
(scaled from 1-10 based on: soil quality, water permeability, rooting depth and
ve‘getation type supported; Table 3.1); 7) terrain (slope on the release site), and 8) pair
designation (pair was included in the model to control for any differences among sileé in
a pair that were not included in the model, e.g. rainfall). The model yielding the best fit
to the data was as follows: |

Prob(Y=1/g)=P

Log[P/(1-P)] = 700 + yor*(Pairl) + yoo*(Pair2) + Yos* (Pair3) + yos* (Paird) +

vos™*(Translocation Method) + yos*(Predation Intensity) + yo7*(Time of

Release) + (SEX)[y10 + 711 *(Translocation Method)] + (AGE)[y20 + 121

*(Time of Release)] + po |

| To determine whether translocation method, predation or time of release had a

greater influence on survival post-release, I used Akaike’s Information Criterion (AIC ',.

AIC = deviance+2K, where X is the number of fitted parameters) and calculated Akaike

67



weights (w=exp [-A/2)/}, exp [-A/2]) (Burnham & Anderson 2002). F or the best fitting
model and each submodel, I calculated deviance values in HLM. The model with the
smallest AIC value was the best fitting model and was in agreement with the likelihood
ratio tests from the HLM analysis. I calculated AIC differences between the best model
and the other candidate models to determine the relative ranking of the models.
Parameter importance was assessed by summing the Akaike weights for each mbdel in
which a parameter was present.

Nonfamily-translocated pi‘airie dogs were coded as having a unique family and
consequently their family size was 1. Therefore, examination of the relationship between
number of individuals in a family and survival was restricted to family-translocated
animals aﬁd was analyzed using iogistic regression in Stata Version 8.2 for Windows
(STATA Corp, College Station, TX, USA), which allows for clustering by family. The
relationship between juvenile weight at translocation and survival was examined using
the same analytic technique.

Reproductive success was analyzed using a Poisson regression clustered by
family membership in Stata Version 8.2 for Wihdows. Reproductive success v;ras
analyzed only for females that survived at the release site in terms of mean number of
emergent pups per female, mean litter size (for females that weaned a litter), and
percentage of females that weaned a litter. In family-translocated colonies, I observed
behaviorai interactions and sleep patterns to determine if family membership was
maintained following release. Settlement was examined by calculating the observed
proportion of each new coterie established 1 year afier release that included individuals

from the same original coterie but that were not in the same release cage (coterie effect).
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Observed values were calcﬁlatcd using a 90% criterion. Therefore, if a coterie effect was
present 90% of the prairie dogs in an individual’s new coterie must have been from the
same original coterie in order to count that individual as settling with coterie members.
Once observed values were calculated, I ran Monte Carlo simulations with 10,000
iterations to generate random expectations of new coterie membership using only

surviving individuals at each new site. The observed and random expectations were than

. compared to generate a significance level. This analysis was replicated using individuals

from the same release cage to examine if there was a release cage effect. The Monte
Carlo simulations were implemented in Microsoft Excel with a Visual Basic macro.

The remaining statistical analyses were conducted using SPSS version 11 for
Windows (SPSS Inc.) One-way analysis of variance was used to compare the proportion
of individuals that were vigilant, foraging, or digging in the two translocation groups.
Repeated-measures analysis of variance was used to compare the numbef of burrows that
were established over the six time intervals. Paired T-tests were applied to analyses of
vegetation cover, soil quality, and slope of terrain. No statistically significant differences
existed among colonies in a pair in terms, of soil quality (¢ = -1.43, df =4, P =0.226),
percent vegetation cover (¢t = 1.09, df = 4, P = 0.336) or slope of terrain (¢ = 1 01, df =4,

P =0.370).

RESULTS and DISCUSSION

Family-translocated prairie dogs outperformed nonfamily-translocated prairie
dogs in terms of both survival and reproductive success (Fig. 3.2). Family translocation
increased survival by a factor of five compared with nonfamily translocation (Fig. 3.24).

The importance of family relationships for survival is further indicated by the pattern of
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sex differences. Adults of both sexes in the family-translocated colonies survived at
* higher rates than nonfamily translocated animals, but the differences were greater for
adult females than for adult males. This sex difference is consistent with the natural
history of the species. Females remain with their families their entire lives, while most
males disperse after the first year. Independent of sex and translocation meﬂiod, adults
survived at higher rates than juveniles. |

Family-translocated females showed higher reproductive success one year afier
release than NFT females (Fig. 3.2). Among fema]leé that successfully weaned pups,
there was no difference in litter size between FT and NFT colonies, but females in FT
colonies were more likely to produce weaned young (Fig. 3.2, C and D). Overall, the
mean number of emergent pups was higher for FT than NFT colonies (Fig. 3.2B). These
treatment effects appear to be driven primarily by yearling females (Fig. 3.2, B to D).

Survival increased steadily during the summer months such that late season
(August) translocations had the highest survival regardless of predation pressure and
translocation method (Fig. 3.3A). This pattern was more pronounced in juveniles than
adults (Fig. 3.3A). Survival of juveniles may depend, in part, on the amount of time they
have above ground to grow and improve in physical condition before translocation.
Alternatively or in addition, translocation later in the summer may allow juveniles more
time to develop and hone their survival skills (learning effect). In a multivariate analysis
both age and weight were significant predictors of survival (Multiple logistic regressiom,
Wald xz - 32.73, n =254, age: OD = 1.02,z= 2.11, P=0.035; weight, OD =1.00, z=

2.07, P =0.039; data on number of days from emergence. Age data was not available for
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NFT aﬁimals, but weight data was not significant (logistic regression: Wald «=20.75,n
=247, P =0.110)).

Predation is 2 major cause of death following release in translocated prairie dogs
(Truett et al. 2001). In this study, survival decreased sigmiﬁcantly with the increase in
predation pressure (as estimated from predator signs/sightings, not predation 'evcnts
within b;)th treatment groups (Fig. 3.3B). However, the difference between FT and NFT
r;olonies in survival could not be attributed to differential predation because FT c.cvlonies
tended to experience higher predation pressures than'N]FT coloﬁies: 5.19+£0.12 versus
2.81 £ 0.09 (mean + SE, N = 5 colonies each). Thus, family-translocation appears to
reduce predation on newly established prairie dog colonies.

It is well established that this highly social species is adaﬁted for living in large
groups and is dependent on coterie members for predator detection and deterrence
(Hoogland 1995). Larger groups and the presence of relatives are both associated with
higher numbers of alarm-calling individuals, and prairie dogs spend less time scanning
for predators when more adult coterie members are present above ground (Hoogland
©1995; Loughry 1993). The ability of prairie dogs to directly deter predators is also
dependent on coterie membership. Prairie dogs are kmowh to attack small predators (e.g.
weasels) as a group when they encounter them in their home coterie but not in other |
coteries (Hoogland 1995). If the presence of relatives does provide antipredator benefits
to translocated prairie dogs, then individuals moved with larger families should
experience higher survival. As predicted; in the FT treatment, survival increased with
family size (Logistic regression: Wald y = 25006, OD=1.06,z=5.01,n=484,P <

0.0001; Fig. 3.4).

71



Behavioral differences between FT and NFT animals were apparent upon release
at the translocation sites. Within the first 2 hours after release, prairie dogs that were
translocated with family members largely remained near the artificial burrows in which
they were released and traveled between adjacent artificial burrows. These individuals
exhibited interactions typical of family groups, e.g., tactile greetings (“ID kissing”; King
‘ 1955), play, aﬁd allogrooming (Hoogland 1995), and were seen foraging and alarm
calling. In contrast, NFT prairie dogs appeared disoriented upon release and were
observed to range outside the release sites. Ali but oﬁe of the animals that dispersed and
were trapped in othef newly established colonies were translocated without their family
members (n = 9 adult males and 5 adult females; Fig. 3.1). The one farrﬁly—translocated
disperser was a yearling male.

These behavioral differences remained pronounced 2 weeks after release and
persisted for at least 1year (Fig. 3.5 A and B). The proportion of individuals that were
vigilant on a colony was higher for NFT than for FT colonies; FT animals spent more
time foraging and digging burrows. This is consistent with what we know about prairie
dogs in the wild. Individuals spend more time scanning for predators when fewer adult
fatﬁily members are above ground (Hoogland 1995). Family-translocated individuals
spent less time being vigilant than non-family-translocated animals, which may have
" allowed them to forage more and improve in physical condition. Less time devoted to
vigilance should also give individuals more time to cxcﬁmte their ﬁurrow systems.
Consistent wﬁh this prediction, prairie ddgs translocated in intact coterie units excavated
more burrow entrances and did so faster over the 2 years following release than NFT

prairie dogs (Repeated-Measures ANOVA F = 8.48, df = 1, P < 0.04, Fig. 3.6).
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Data from this study demonstrate that family membership significantly increases
post-releaSe survival and répr&duclive success. But, the question of how family
membership affects survival remains. Were fami]ly—translocated individuals simply less
physiologically stressed and therefore more likely to survive on their own; or does family
composition allow individuals to benefit directly from well established social
relationships? Evidence thus far suggests the 1at.tc3r° Individuals from larger families
showed higher survival than thbse from smaller ones, and, fewer animals released with
family members were vigilant 2 weeks and 1 year pﬁst release (Fig. 3.5, A and B).
However, the true test of the benefits of long-term family membership should be revealed
by settlement d;:cisions. If individuals released with famﬂy members also settle with
them, they will benefit from we]l‘ esfablished social relationships. Therefore, I examined
settlement patterns of family-translocated prairie dogs to detefmine if they settled with
coterie members more often than expected by chance. Family-translocated prairie dogs
were: (1) more likely to settle with family members from a different release cage than
with nonfamily members; but (2) not more likely to settle with family members from the
same release cage then with family members from adjacent release cages (Table 3.2).
This suggests that prairie dogs use long-term familiarity rather than short term association
to make settlement decisibons,Aproviding further support for the importance of maintaining
family membership during translocation.

In this study, survival was influenced by translocation method, ,pr-edation pressure and
time of release. The most parsimonious model for the probability of survival contained
all three predictor variables and pair as a control variable (Deviance = 2752.013, n= 973,

K = 13, AIC = 2778.013, A; = 0.00, w; = 0.608), compared with candidate models that
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included only translocation method and predation pressure (Deviance = 2758.663, n = |
973, K =11, AIC = 2780.663, A; = 2.65, w; = 0.161) or translocation method and time of
release (Deviance =2756.056,n=973, K =12, AlIC= 2780.056, A =2.043, w; =
0.2189). All other candidate models had essentially no support. Of these faétors,
translocation method was the best predictor of survival (Parameter importance weight:
translocation method = 1.00; predation pressure = 0.827; time of release = 0.769). Thus, |
efforts »of managers would best be direétedl at family group translocation, while, if
possible, also minimizing predator pressure and seleéting the optimal release timing
based on the species’ behavioral ecology.

Beydnd survival and reproductive success, the ultimate goal of translocation is
population viability. Thus, when releases are not successful in establishing sustainable
populations, supplementation is often conducted. In this study, two of the three
nonfamily-translocated colonies released in 2001 were judged by the wildlife manager on
the property to require Supplementation due to low survival. Additional animals (m=10-

| 35) were added to colonies 2001-01 and 2001-03 after the first year (Summer 2002). In
spite of éupplementation, nonfamily-translocated colonies conﬁnued to' decline in size
relative to family-translocated colonies through summer of the second year (NFT adulis:
13.4'd: 4.7; NFT juveniles: 15.5 + 11.7 vs. FT adults: 81.6 + 39.9; FT juveniles: 199.8 £
62.4 (mean + SEs) paired #-test: ¢ =-2.916, P < 0.05). These data indicate that
differences between colomies established using different translocation methods Eccomc
even more pronounced by the second year post-release and that sﬁpplememation does not

offsét these differences.
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These results have important implications for conservation and animal behavior.
Regarding conservation, the data clearly demonstrate that for hi ghly social prairie dogs,
founder groups composed of intact family units are more successful in terms of post-
release survival, reproductive success and population viability. More broadly, these
results suggest that any species which depends on social interactions for survival and
reproduction mé.y benefit substantially from the maintenance of social groups during
translocations (e.g. wolves, elephants, primates). Thus, translocation methodology
should be restructured to incorporate the target speciés behavior.

This method is not only extremely effective, but it also provides a more efficient
means of restoring ﬁrairie dogs to their former range, even though the initial investment
is substantially higher. Family-translocated animals must be trapped, marked, released,
and observed in order to determine coteric membership, and specific individuals must
then be targeted for trapping (e.g., estimated mean trapping timé for coterie members in
2001 was 252 hours versus 93 hours for NFT animals). But the six-fold difference in
survival rates (for the 2001 release) more than offsets this added time cost.

These results also suggest that wildlife managers would benefit from detailed
knowledge of a species’ behavior when they set the timing of translocation. For prairie
dogs, late summer translocations showed the highest survival, apparently because
juveniles are most vulnerable to predators just after émergemce early in the summer.
Antipredator vigﬂance: is likely most important in the first half of the stﬁnmer while
juveniles are small and lack knowledge about the environment. Foraging then becomes
of priinary import later in the summer when vegetation is still plentiful and fat reserves

are required fof survival through winter. A natural shift between vigilance and foraging
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can take several weeks (Loughry 1992), and young of the year need this time to increase
body condition and skills prior to translocation.

While the timing of translocation may not be as crucial for all adults, maternal
females may also benefit from late season translocations. Maternal females are
energetically constrained by reproduction and lactation and require high rates of foraging
to increase body mass and condition during summer months. ’]l‘heréfore, lactating
females translocated early in the summer may be less likely to survive. I examined the
relationship between time of release and survival for-lactating females and found that
lactating females translocated later in the summer showed higher survival than those
translocated early in the summer (Logistic regression: Wald ¢ =781,0D=1.03,z=
2.79, n = 141, P < 0.005, perhaps because females translocated later weighed more
(Logistic regression of maternal female weight on survival: Lo gistic regression: Wald '=
4.36, 0D =1.00, z=2.09, n =141, P < 0.03).

These results also have implications for basic behavioral processes. To date, most
research on dispersal has focused on single propagules; however, the mechanisms that
underlie dispersal in social gfoups have been little studied (Lambin et al. 2001). These
data indicate that animals that disperse in groups would benefit from reduced predation
and extended opportunities for learning survival skills. Still, other mechanisms may
confer advantages of group dispersal to individuals (e.g. information pooling among
dispersers (Stamps 2001) and increased competitive abiﬁty (Lambin ‘et al. 2001)).
Finally, evidence presented here highlights the importance of social context in the
development of appropriate survival skills, a topic that is rich with opportunities for

future research.
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Table 3.2. Settlement of family-translocated prairie dogs one year after release. *Expected values were
generated using a Monte Carlo simulation that counted the expected number of individuals that settled with
family members and generated a probability distribution (>90% of an individual’s new family members were
either from its original coterie but not from the same release cage, or from its original coterie and the same

release cage).

Settlement with family members Settlement with release cage members

New Colony  Percent (%) Significance Percent (%) Significance

: Observed Observed

—_——— e — I———= ==
2001-2 16,6 P=0.001 9.2 P=0.649
2001-4 28.6 P =0.001 14.2 P=0.117
2001-6 20.3 P=0.001 31 P=0.871
2002-1 12.9 P=0.012 11.1 P=0.074
2002-3 2T P =0.0001 10.1 P=0442
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Figure Legends
Fig. 3.1. Map of the study site showing locations of 10 newly established prairie dog
colonies and existing colonies within 3 km of new colonies. Solid black diamonds
indicate sites into which prairie dogs were translocated with family members. Open
circles designate nonfamily-translocation sites and crosses indicate existing colonies.
Dashed lines show FT and NFT pair designations. Dispersal is indicated by solid arrows.
Average dispersal was 0.914+ 0.564 km (mean + SD). Note: Colonies 02-1 and 02-2
were only 0.359 km apart and therefore movement between the colonies was not
considered long-distance dispersal. Only 15 cases of successful long-distance dispersal
to newly established colonies were documented. Eight animals emigrated from 01-1 to
01-2, three emigrated from 01-3 to 01-4, two emigrated from 02-4 to 02-3, one emigrated

from 02-1 to 02-4, and one emigrated from 02-2 to 02-3.

Fig. 3.2. (A) Survivorship of Family-Translocations versus survivorship of Nonfamily
Translocations. HGLM, translocation method: t = 4.92, df = 534, P < 0.0001 for all
age/sex classes combined; translocation methoc_i x sex: ¢ = 2.44, df = 961, P = 0.015; age:
t=2.81, df =961, P=0.005). Last three plots show differences in reproductive success
of Family-Translocated (FT) vs. Nonfamily-Translocated (NFT) adult and yearling
females in terms of: (}3) mean number of pups ]perfemale (for all females that survived
on a colony) (+ SEs), multiple poisson regression: Wald * = 54.37, n= bl 75, trap
vmethod: z=13.00, P =0.003, age: z = 6.84, P < 0.0001; (C) mean litter size (for females
that weaned a litter) (+ SEs), multiple poisson regression: Wald y* = 39.11, n = 143, trap

method: z=0.88, P = 0.381, age: z = 6.25, P < 0.0001; and (D) percentage of females
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Fig. 3.6. Burrow establishment for each of 10 prairie-dog-release sites. For six releases
in 2001, burrow counts are provided for three FT and three NFT colonies over the first
two years after release. For four releases in 2002, burrow counts at two FT and two NFT

prairie dog colonies were made only once, at 1 year after release (Repeated-Measures

ANOVA, F=8.48,df=14, P <0.04.
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Fig. 3.2
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Fig 3.4.
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Fig. 3.5.
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Fig. 3.6.
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