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The demographic response of bank-dwelling
beavers to flow regulation: a comparison on the
Green and Yampa rivers

Stewart W. Breck, Kenneth R. Wilson, and Douglas C. Andersen

Abstract: We assessed the effects of flow regulation on the demography of be&a&sto( canadens)jsby comparing

the density, home-range size, and body size of bank-dwelling beavers on two sixth-order alluvial river systems, the
flow-regulated Green River and the free-flowing Yampa River, from 1997 to 2000. Flow regulation on the Green River
has altered fluvial geomorphic processes, influencing the availability of willow and cottonwood, which, in turn; has in
fluenced the demography of beavers. Beaver density was higher on the Green River (0.5-0.6 colonies per kilometre of
river) than on the Yampa River (0.35 colonies per kilometre of river). Adult and subadult beavers on the Green River
were in better condition, as indicated by larger body mass and tail size. There was no detectable difference in home-
range size, though there were areas on the Yampa River that no beavers used. We attribute the improved habitat quality
on the Green River to a greater availability of willow. We suggest that the sandy flats and sandbars that form during
base flows and the ice cover that forms over winter on the Yampa River increase the energy expended by the beavers
to obtain food and increase predation risk and thus lowers the availability of woody forage.

Résumé: Nous avons évalué les effets du controle du débit sur la démographie du Castor du Czastda ¢anaden

sig), de 1997 a 2000, en comparant la densité, le domaine et la taille du corps chez des castors vivant sur les rives des
systemes alluviaux de deux cours d’eau de sixieme ordre, la riviere Green, a débit controlé, et la riviere Yampa, aux
eaux non contr6lées. Le contrdle des eaux de la riviere Green a modifié les processus géomorphiques fluviaux, influen-
cant la disponibilité des saules et des peupliers, ce qui a affecté la démographie des castors. La densité des castors était
plus élevée sur la riviere Green (0,5-0,6 colonie par kilomeétre de riviére) que sur la riviere Yampa (0,35 colonie par
kilometre de riviere). Les castors adultes et sub-adultes de la riviere Green étaient en meilleure condition physique, tel
guindiqué par leur masse plus grande et la taille plus importante de leur queue. Il n'y avait pas de différences décelables
dans les dimensions des domaines sur les deux rivieres, mais certaines zones de la riviere Yampa n’étaient pas utilisées
par les castors. Nous attribuons I'amélioration de la qualité des habitats sur la riviere Green a la disponibilité plus grande
de saules. Nous croyons que les plateaux et les haut-fonds sablonneux qui se forment pendant I'étiage et la couverture
de glace qui se développe en hiver dans la riviere Yampa augmentent I'énergie dépensée par les castors pour se trouver
de la nourriture et amplifient les risques de prédation et, de ce fait, diminuent la disponibilité de la nourriture ligneuse.

[Traduit par la Rédaction]

Introduction spond to flow regulation will be important in the effort to

) o . . maintain or restore key components of riparian ecosystems
Annual spring flooding is an important disturbance thatgp, managed rivers.

regulates the functioning of riparian ecosystems on many

: : . For example, the decline of cottonwood treé®gulus
arid-land rivers in the western U.S.A. (Knopf et al. 1988; P i

X °%1spp.) across many western rivers (see Cooper et al. 1999) is
Scott et al. 1997). Human alteration of the flood regime, major concern because of the unique biological and aes

through the construction and operation of large dams hag,qic value of cottonwoods (Howe and Knopf 1991). Flow

caused considerable changes in the distribution and-abupeg jation affects cottonwoods by altering both abiotic and

community (Nisson et l. 1991 Nisson and Dynesius 199451 Shir soee; ot ot o 1006, Ao e Goae
Kingsford 2000). Understanding how and why species reqg0) Beaver astor canadensjsherbivory is a biotic pre
cess that can limit populations of certain tree species (Barnes
Received May 1, 2001. Accepted September 7, 2001. and Dibble 1988; Johnston and Naiman 1990). Therefore,
Published on the NRC Research Press Web site at understanding how beaver populations respond to flow-regu
http:/fcjz.nrc.ca on November 6, 2001. lation may be important in the effort to restore cottonwood
S.W. Breck? and K.R. Wilson. Department of Fishery and  trees.

Wildlife Biology, Colorado State University, Fort Collins, Little is known about the impact of flow regulation on the
CO 80523, US.A. _ population biology of beavers. Some researchers speculate
D.C. Andersen. United States Geological Survey, D-8220,  that stable flows decrease beaver populations by decreasing
P.0. Box 25007, Denver, CO 80225, U.S.A. the amount of forage (Nilsson and Dynesius 1994). Others
ICorresponding author (e-mail: Stewart.W.Breck@aphis.usda.gov) predict that stable flows will increase beaver populations by
2Present address: National Wildlife Research Center, 4101  increasing the number of denning sites (Lesica and Miles
LaPorte Avenue, Fort Collins, CO 80521, U.S.A. 1999). The validity of these predictions is hard to assess, in
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Fig. 1. Locations of study areas and Flaming Gorge Dam on the Green and Yampa rivers in northwestern Colorado, 1997-1999.
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part because of the lack of autecological knowledge conper 2000). On the Yampa River we were confined to a 10-km sec-
cerning bank-dwelling beavers in large-order rivers. Knowl-tion from the conflu_ence of the Littl(_e Snake River to the beginning
edge of density has been garnered from studies based &hYampa Canyon in Dinosaur National Monument. On the Green
trapping data (Vanden Berge and Vohs 1977) and observ&IVer (based on aerial photographs) we selected a similar 10-km
tional data (Strong 1982). But to our knowledge, no Studysectlon within Browns Park National Wildlife Refuge that had
has utilized radiotelemetr)./ to assess important démograph eenstudied since 1994 as part of a long-term study of ecological

d behavioral i ival rat h angegesulting from river regulation (Falck 1996; Miller 1998;
and behavioral parameters (e.g., survival rates, ome-rangf'ooper et al. 1999; Andersen et al. 2000). Both river sections are

sizes, movement patterns) that are important in assessingn-order alluvial systems and neither had been trapped for bea
and explaining a response to flow regulation. _ vers for at least 3 years prior to, or during, the study.

We used a demographic-response design (Garshelis 2000)oyr study was an observational field study as described by
to obtain autecological data on bank-dwelling beavers an@perhardt and Thomas (1991, pp. 64-65), the obvious limitation
assess how beaver populations have responded to specifiging the lack of control over allocation of treatments (i.e., unregu
changes in the riparian ecosystem resulting from flow regulated river versus regulated river) to experimental units (rivers). In
lation. Specifically, we compared body size, density, and homeaddition, it was not possible to have replicate rivers, because the
range size of beavers on the flow-regulated Green River witfYampa River is the last relatively unregulated river in the Colorado
those of beavers on the free-flowing Yampa River. Becaus&iver system. The primary assumption of this study was that prior
of the dramatic decline of Fremont cottonwooBopulus 0 1962, when Flaming Gorge Dam was completed, the Green and
deltoidesMarshall sspwizlizeni) recruitment on the Green Yampa rivers had similar flow regimes and maintained similar eco
River (Cooper et al. 1999: Merritt and Cooper 2000) and besystems within the study sections. The following facts support this

- . .~ ~assumption: ij flow regimes (including peak flows, base flows,
cause beavers utilize cottonwoods (Strong 1982; MCG'nlelénd timing of flows) on the pre-dam Green and Yampa rivers were

and Whitham 1985), we predicted that beaver population  gimilar (Fig. 2), (i) elevations are similar (1633 m on the Green
density would be lower on the Green River ar_"d beaver  River and 1707 m on the Yampa River), aiiiil)(woody vegetation
home ranges would be larger on the Green River. was similar and was characterized primarily by Freemont cetton
wood and sandbar willowSalix exigud (Copper et al. 1999; Merritt
and Cooper 2000).

Flow regulation (i.e., the reduction of a flood pulse and the in
The Green and Yampa rivers are major tributaries in the Colo crease in base flows; Fig. 2) on the Green River has caused a num
rado River system. We conducted our study on alluvial sections ober of changes in fluvial geomorphology downstream of the dam
these rivers above their confluence in northwestern Colorado (Fig. 1)Andrews 1986; Merritt and Cooper 2000), including the develop
(for a detailed description see Cooper et al. 1999; Merritt and Cooment of instream islands and the loss of point bars in Browns Park

Study area
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Breck et al. 1959

Fig. 2. Average yearly flow of the Green River pre-dam (1923-1962) and post-dam (1962-1994) and the Yampa River (1923-1996).
Peak and base flows on the two rivers were similar prior to the completion of Flaming Gorge Dam. Flow regulation on the Green
River since 1962 has resulted in the elimination of peak flow and an increase in base flow.
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National Wildlife Refuge. Because of these changes, sandbar willength of the tail (from the base to the end of the tail), width of the
low has shifted from a primarily bank oriented to an island andtail (at the widest part), and thickness of the tail (at the midline,
bank oriented species, and Fremont cottonwood has suffered 25 cm distal to the base of the tail). Beavers weighiid kg
severe decline in recruitment (Cooper et al. 1999). were considered adults (3+ years old), those weighing 8-16 kg
On the Yampa River, Fremont cottonwood depends on the cyclavere considered subadults (1-2 years old), and those weighing
of spring flooding and is generally prolific along banks and point <8 kg were considered juveniles (<1 year old) (Patric and Webb
bars (Cooper et al. 1999). Sandbar willow is also found in largel960). We substantiated the 16-kg cutoff for adults by recapturing
patches primarily along the bank. In late summer the river subsideand weighing 3 animals in 1999 that were caught as juveniles in
to base flows and remains near that level until the following spring.1997 (1 from the Green River and 2 from the Yampa River); all
Base flows expose large sandbars that separate the river from itgeighed >16 kg in 1999.
vegetation. We implanted transmitters in 15 adult beavers in the fall of 1997
(8 on the Green River and 7 on the Yampa River). In 1998 we im
planted transmitters in 2 additional animals on the Green River and

Methods 1 on the Yampa River. We attempted to implant transmitters in
adult mating pairs from each colony in our study areas. We used
Capture and radiotelemetry isofluorine and sevofluorine gas anesthesia (a new procedure for

We used Hancock traps (Hancock Trap Co., Custer, South Dabeavers; S. Breck, unpublished data) for surgery and implanted
kota) and snares (Gregerson No. 3 with a 16-in. stop to limit capradio transmitters (Advanced Telemetry Systems, Isanti, Minn.;
tures of nontarget species) to capture beavers during Septemb88 mm wide x 109 mm long, 100 g; expected transmitter life
through November of 1997, 1998, and 1999. Hancock traps wer@ years) in the peritoneal cavity (Davis et al. 1984; Smith et al.
used as our primary trapping method because they are effective 4991). We provided water to individuals post surgery and allowed
catching all ages and have a lower associated trap mortality thafiem to recover for up to 8 h, then immediately released them at
snares (McKinstry and Anderson 1998). Snares were ineffectivéhe site of capture. The Colorado State University Animal Care and
for capturing subadults and juveniles because of the stop. We usddse Committee approved our trapping and handling protocol
snares as a secondary trap, deploying them primarily when trapgNo. 97-018A-04).
ping with Hancock traps became slow. In 1997 and 1998, we fo We monitored radio-equipped animals to assess activity and es
cused on capturing adult animals for radio implants. In 1999, wetimate home-range size. To estimate home-range size we-moni
attempted to capture all members of each colony within each studyored intensively from May through June in 1998 and 1999. During
area. We trapped for 8-10 nights on each colony and used 4 or fhese periods we monitored a single animal or family pair through
Hancock traps and 0-40 snares. We trapped for three periods ahe night. Individuals were located before sundown, at which time
the Green River (22—-29 September, 11-19 October, and 30 Octoberwe attempted to obtain a location every 15 min. To obtain locations
6 November) and two periods on the Yampa River (1-9 and 20-2%e followed an individual along the shore until the signal was per
October) and alternated our trapping sessions between rivers. pendicular to the river. Because we were often unable to determine

All captured animals were weighed and marked with ear tagghe precise location of the animal, we plotted the location as a line
(Monel No. 1005-3; National Band & Tag Company, Newport, across the river on a topographic map or a map generated from ae
Ky.), and sexed through external palpation for a baculum (Osbormial photographs. We entered these lines into a geographic informa
1955) and a check of anal-sac fluid (Schulte et al. 1995). The foltion system (GIS) coverage using ArcView. The line coverage was
lowing body measurements were taken: total length (from the tipconverted to a point coverage by cropping each line to the river
of the nose to the end of the tail), breadth of the zygomatic archmargins and then calculating the midpoint of each line (i.e., the

© 2001 NRC Canada
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points were justified to the middle of the river). The points consti used (Green Riverx = 37.5, SE = 4.69; Yampa Rivek =
tuted the Cartesian coordinates that were used in the home-rang8.3, SE = 11.58) but higher on the Green River when snares

analysis described below. were used (Green Rivex = 81.0 SE = 30.4; Yampa River:

) X = 47.5, SE = 47.5). In the fall of 1998, 2 radio-equipped
Analysis beavers and 1 unmarked adult beaver on the Yampa River
Body size were killed, presumably by a mountain lion. We did not find

any of our radio-equipped animals killed by predators on the

We used a two-tailetl test with equal variances (PROC TTEST; |Green River.

SAS Institute Inc. 1990) to test for differences in body mass, tota
body length, tail length, tail width, tail thickness, and zygomatic- .
arch breadth for beavers between rivers. Adults, subadults, and julBody condition
veniles were tested separately. We report actual significance levels. Adult beavers on the Green River were larger in 3 of the 6
body measurements: body mass, tail thickness, and tail width
Density (p < 0.03 in all cases; Table 1). The other 3 measurements
We took a census of the number of colonies per linear kilometrg(including the two skeletal measurements, total length and
of river in 1997, 1998, and 1999. Designation of a colony waszygomatic-arch breadth) showed little or no difference.-Sub
bas_,ed on the presence of an adult mating pair and _ewdence of fYult beavers on the Green River were larger in 4 of the 6
active den. This was determined by finding fresh sign near deng,qy measurements: body mass, tail thickness, tail length
and trapping in 1997, and by finding fresh sign near dens, trapplnggnd total length g < 0.03 in all caées; Table 1), "I'aiI width )

and radiotelemetry in 1998 and 1999. For measuring density w - - .
used the telemetry data to define the extent of the study area b nd zygomatic-arch breadth showed no difference. Juvenile

taking the farthest upstream and downstream telemetry location&€avers on the Green River were smaller for 2 of the 6-mea
We excluded 1 colony located at the upstream end of the study areglrements: tail length and zygomatic-arch breagtk 0.03

just below the confluence with the Little Snake River. Monitoring in all cases; Table 1). The other 4 measurements showed no
revealed that the beavers utilized the Little Snake River, but bedifference.

cause of logistical constraints we were unable to accurately monitor

locations on this river, so they were eliminated from our analyseyensity

of density and home-range size. Based on telemetry, the lengths of the study reaches over
Home-range sizes 2 years, excluding 1 colony on the Yampa River, were
Sauer et al. (1999) described a method for analyzing homeg'6 km for the Yampa River and 10.1 km for the Green

range sizes of animals that move in a linear fashion (e.g., river ot-R'Ver' Calculations indicated a higher density of beavers on

ters, beavers, and muskrats restricted to a river). In this procedurg'® Green River (0.50-0.60 colonies per kilometre of river)
the linear length is used for home-range size rather than the ardfan on the Yampa River (0.35 colonies per kilometre of
contained within a contour to avoid the bias of including large ar-river). The number of colonies on the Yampa River, 3, was
eas of land where an animal would not occur. We used a modifie¢onsistent over the three fall seasons of trapping and two
version of this technique to calculate the home-range sizes of be&pring seasons of monitoring. On the Green River the num-
ver colonies on the Green and Yampa rivers. The locations of adulper of colonies was at least 5 and there was evidence that in

beavers occupying the same colony were combined but separatq®og a sixth colony was becoming established.
by year (1998 and 1999). These Cartesian coordinates were used

in the program The Home Ranger (written by Foudy, lllinois . Home-range size

Natural History Survey Wildlife Ecology Software server, http:/
nhsbig.inhs.uitc.edu/) to generate 95, 75, and 50% probability con N two seasons, 1998 and 1999, we calculated a total of 5

tour intervals. We used the program’s fixed kernel estimator with 22nd 7 home ranges on the Yampa River and Green River, re
grid size of 100 x 100 and a smoothing parameter picked by th&pectively. There was no evidence that home-range lengths
program according to the least-squares cross-validation score. Tiiiffered between the rivers for any of the 3 probability €on
contour intervals generated by the program were transferred to tour intervals (Table 2). Home-range length was extremely
GIS to create a coverage that overlaid the original midpoint-locavariable on both rivers (e.g., 95% contour interval: Yampa
tions of beavers. Following the line generated by the midpoints, weRjyer: range = 1.55-2.95 km, SE = 0.232 km; Green River,
measured the linear length of river between the points of 1'nterrange = 1.16-4.48 km, SE = 0.457 km).

section of the contours and the midline in the river. When there

was more than one polygon for a single contour, we included the

distance between the polygons as part of the home range (Sauer Biscussion

al. 1999). We calculated a linear home-range length for each col .

ony at each probability contour interval (95, 75, and 50%). Owing Vanden Berge and Vohs (1977) compared populations of
to the small number of home ranges, we pooled family groupddank-dwelling beavers in bank-stabilized and free-flowing
across years and usedt dest (PROC TTEST; SAS Institute Inc. portions of the Missouri River. They found that stabilization
1990) to test whether the home range was smaller on the Yampdecreased the density of beavers and ascribed this to habitat

River. alteration, though they did not discuss what aspect of the
habitat was altered. Our original hypotheses followed a-simi
Results lar premise that flow regulation caused a decrease in cot

tonwoods and resulted in a negative demographic response

We had 1 and 2 trap mortalities in 1997 and 1999, respedrom beaver populations. Instead we found evidence that
tively. All mortalities were adult beavers caught in snares orflow regulation on the Green River has had a positive influ

the Green River. In 1999, the trapping effort (number ofence on the demographic response of beavers in the alluvial
trap-nights per colony) was similar when Hancock traps weresection below Flaming Gorge Dam. We believe that this is

© 2001 NRC Canada
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Table 1. Comparison (using two-tailetitests) of body measurements of adult, subadult, and juvenile bedavassof canadensjscap
tured during fall in 1997-1999 on the Green and Yampa rivers in northwestern Colorado.

Green River Yampa River

X SE N X SE N t P
Adult beavers
Body mass (kg) 20.91 0.48 20 18.68 0.56 15 3.04 0.005
Tail thickness (cm) 4.15 0.12 20 3.76 0.10 14 2.33 0.026
Tail width (cm) 15.34 0.28 20 14.17 0.27 14 2.88 0.007
Tail length (cm) 28.0 0.39 20 27.78 0.41 14 0.36 0.719
Total length (cm) 111.55 1.06 20 109.2 1.63 14 1.27 0.212
Zygomatic-arch breadth (cm) 10.90 0.22 20 10.96 0.15 14 0.24 0.812
Subadult beavers
Body mass (kg) 14.33 0.61 6 12.38 0.28 8 3.21 0.008
Tail thickness (cm) 3.33 0.13 6 2.96 0.08 7 2.59 0.025
Tail width (cm) 12.77 0.75 6 11.79 0.15 7 1.39 0.192
Tail length (cm) 25.85 0.66 6 24.01 0.33 7 2.61 0.024
Total length (cm) 98.58 1.81 6 92.43 1.05 7 3.04 0.012
Zygomatic-arch breadth (cm) 9.97 0.18 6 10.17 0.19 7 0.76 0.464
Juvenile beavers
Body mass (kg) 5.58 0.31 8 5.67 0.22 16 0.24 0.812
Tail thickness (cm) 2.19 0.10 8 2.07 0.06 16 1.10 0.283
Tail width (cm) 8.25 0.38 8 7.85 0.21 16 1.01 0.325
Tail length (cm) 17.36 0.56 8 18.98 0.43 16 2.24 0.036
Total length (cm) 69.46 1.65 8 71.16 1.00 16 0.92 0.365
Zygomatic-arch breadth (cm) 7.94 0.11 7 8.33 0.10 16 2.40 0.026

Table 2. Mean linear home-range sizes of beavers in spring 1998 On the Yampa River, subadults and adults had lower body
and 1999 on the Green and Yampa rivers. mass and smaller tails (2 out of the 3 measurements; Ta-
ble 1) relative to subadult and adult beavers on the Green
River, indicating that beavers on the Yampa River were in

Home-range size (km)

Mean SE df P poorer condition. This result could be misleading if adult
95% contour beavers on the Yampa River were generally smaller than
Green River 2.19 0.457 beavers on the Green River. However, neither of the 2 adult
Yampa River 2.38 0.232 10 0.755 Skeletal measurements (zygomatic-arch breadth and total
Difference —0.19 0.581 length) differed between rivers (Table 1), indicating that-bea
75% contour vers on the Yampa River were growing to a similar size but
Green River 1.81 0.425 not storing as much fat as beavers on the Green River and
Yampa River 224 0.225 10 0.445 therefore were in poorer condition.
Difference -0.43 0.543 One factor that may have lowered the condition of beavers
50% contour on the Yampa River was the higher cost of obtaining woody
Green River 1.25 0.464 forage during the fall. Though the abundance of cottonwood
Yampa River 1.01 0.289 10 0.702 and willow was greater on the Yampa River, the availability
Difference 0.24 0.606 of cottonwood and willow on the Yampa River declined each

year in late summer through late winter as the river returned

due primarily to changes in distribution and availability of to base flow. Each fall we observed beaver trails, varying
willow as a result of changes in fluvial geomorphology (Breckfrom a few metres to 50 m, crossing sandy flats and sand
2001). bars to reach woody forage (S. Breck, personal observation).
Body mass and tail size have been used as indicators dihis overland travel to obtain forage likely increased-bea
body condition in beavers (Aleksiuk 1970; Smith and Jenkins/€rs’ expenditure of energy (Basey and Jenkins 1995) that
1997). Smith and Jenkins (1997) demonstrated that bodQtherwise could have been stored as fat. On the Green River,
mass and tail size of beavers decreased during winter arffough cottonwood was limited in abundance, the avaHabil
that the extent of the decrease varied between years and cdly of willow was greater, owing to the stable flows and the
onies depending on environmental conditions and the -availedistribution of willow onto islands. Beavers utilized over
ability of food. Similarly, we demonstrated differences in twice as much willow on the Green River as on the Yampa
body mass and tail size for adults and subadults betweeRiver (Breck 2001), which required little or no overland
rivers, which may also be explained by differences in foodtravel and reduced energy expenditure for traveling.
availability and environmental conditions caused by flow Another explanation for the lower body condition of bea
regulation. vers on the Yampa River was that over-winter conditions (ice

© 2001 NRC Canada
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cover) differed widely between rivers. The surface of theCooper (2000) documented the formation of marsh commu
Yampa River froze solid for varying periods each winter nities on the margin of the Green River that were not present
during the study, whereas the surface of the Green River reon the Yampa River. These marsh communities possibly
mained open because of numerous factors associated wightovided alternative herbaceous forage for beavers during
flow regulation. One observed consequence of this differspring and summer. However, the availability of herbaceous
ence was that food caches were smaller on the Green Rivéorage likely decreased in winter, when beavers face critical
than on the Yampa River (S. Breck, personal observation)energetic challenges (Dyck and MacArthur 1992). There
We can only speculate on the effect of differences in foodore, even with the presence of alternative herbaceous for
caching on the energetics of beavers, but it is conceivablages on the Green River, we suggest that the availability of
that the energy expenditure of beavers on the Green Rivewillow is likely very important in explaining the higher den
was lower because they were able to forage year-round witlsity, as beavers would need to rely on woody forage during
out incurring the energy cost of building a large cache.  fall and winter.

In contrast to the older age-classes, juvenile beavers on Lesica and Miles (1999) speculated that flow regulation
the Yampa River were as large as or larger than juvenile beanight have produced higher populations of beavers on the
vers on the Green River in terms of all body measurementdarias River. They offered a different explanation for the
This result implies that juvenile beavers on the Yampa Riveincreased densities, namely that flow regulation enhanced
were attaining a positive caloric balance as great as or greatbeaver denning habitat. They suggest that flooding is an im
than that of juvenile beavers on the Green River. This is onlyportant cause of beaver mortality and den abandonment (Hill
partly explained by the greater availability of forage during1982; Nitsche 2001) and thus reduces the density of beavers
the flood period on the Yampa River, because we trappedn rivers that flood. Our data do not support this explana
and took body measurements in September and October, afon, as we found beavers to be very adaptable to flooding
ter the Yampa River had been at base flow for 2 or 3 monthen the Yampa River by having a spring den, located farther
and thus the availability of forage had declined. Another ex from the center of the river, that was used during the flood
planation is that juvenile beavers maintained growth in thestage and a winter den that was used during base flows. Fur-
fall by utilizing proportionately more of the stored food cachethermore, our data indicate that during the flood stage, pre-
than adults and subadults (Novakowski 1967; Smith andlation risk was minimized because beavers had easy access
Jenkins 1997). to preferred foods. In the fall of 1998, 2 radio-equipped bea-

The estimates of density (0.50-0.60 and 0.35 colonies perers and 1 unmarked adult beaver on the Yampa River were
kilometre on the Green River and Yampa River, respectivelykilled and eaten, presumably by a mountain lion. All preda-
were based on a census of 10.1 km on the Green River arttbn events occurred when the Yampa River was at base
8.6 km on the Yampa River and densities beyond these seflow, near or below 30 His. We argue that greater availabil-
tions should not be inferred. However, on the Yampa Riverjty of forage was the primary factor supporting higher densi-
the length of our study reach was confined between the corties of beavers on the Green River.
fluence of the Little Snake River and the beginning of the We did not find a difference in home-range size between
Yampa canyon. Above and below these points were ecosystemisers. However, on the Yampa River we did document large
that were very different because of geologic and hydrologiareas between colonies that were not used by radio-equipped
differences. The length of our study reach on the Greeibeavers and showed very little sign of beaver activity. These
River was designed to roughly match that on the Yampainused areas contained woody forage but this forage was
River and represents one-quarter of the length of river irmade unavailable much of the year by exceptionally large
Browns Park National Wildlife Refuge. sandbars (over 100 m) that formed during base flows. On the

These estimates are at the lower range of those reported {Breen River the gaps between home ranges were much smaller,
other studies (see Hill 1982). This may be due to the facif they existed at all. Consequently, there was no difference
that most studies of beavers were carried out on stream sy home-range size but a lower density of beavers on the
tems where beavers were able to build dams and the-avaifYampa River.
ability of forage was greater. Strong (1982) provides the We found a large variation in home-range size between
only other data concerning density of beavers on a largeyears for each family group and between family groups on
order arid-land western river. He reported a density of 1.0Zach river. Wheatley (1997) apparently carried out the only
beavers/km on the alluvial sections of the Rio Grande in Bigother published study in which home-range size of beavers
Bend National Park. If we assume that the colonies in ouin a river environment (i.e., where they are unable to build
study contained, on average, 5 beavers (Hill 1982), then densitfams) was measured. Although she quantified home ranges
was 2.5 beavers/km on the Green River and 1.75 beavers/kdifferently, making comparisons between studies difficult,
on the Yampa River, nearly 2-2.5 times the densities founghe also recorded a great deal of variability. In our study this
by Strong (1982). variability may be partly explained by the removal of indi

Density of beavers is strongly related to the availability of viduals, either through accidental trap mortality or predation
forage (Jenkins and Busher 1979; Allen 1983; Baker ancvents, which allowed beavers in adjacent territories to ex
Cade 1995). On the Yampa River the overall availability ofpand their range. On the Green River, during our firsttrap
woody forage was much lower than on the Green Riverping season (fall 1997) 1 large adult male, presumably from
though the abundance of forage was much greater (Brec&n established territory, was killed by a snare. One colony
2001). This may explain why beaver densities were lower oradjacent to this animal had a home range that was 400 m
the Yampa River. Another explanation is that alternativelarger in 1998 (6 months after the trap mortality) than in
foods were more abundant on the Green River. Merritt and.999. Snares killed 2 more beavers in the fall of 1999 on the
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Green River, but these mortalies could not have affected our Green and Yampa Rivers in northwestern Colorado. Ph.D. the

movement or density results because the mortalities occurred sis, Colorado State University, Fort Collins.

after the home-range data were collected. On the YampBusch, D.E., and Smith, S.D. 1995. Mechanisms associated with

River, predators killed 2 adults from the same colony in the decline of woody species in riparian ecosystems of the south

fall of 1998. After this event occurred, we documented the Wwestern U.S. Ecol. Monog65: 347-370.

home range of an adjacent Co|0ny expanding by near|y 600 mCooper, D.J., Merritt, D..M., Andersenz D.C., and Chimner, R.A.
Assessing the demographic response of a population of 1999. Factors controlling the establishment of Fremont cetton

animals to changes in habitat is a difficult process (Garshelis Wood seedlings on the Upper Green River, USA. Regul. Rivers

2000). In this study we measured 3 demographic variables to R€S- Managls: 419-440. _

assess the effect of flow regulation on beavers. Body eondi?ais; J-R., von Recum, A.F., Smith, D.D., and Guynn, D.C., Jr.

tion, density, and movement pattern provided strong evi %gg4é2|21plantable telemetry in beaver. Wildl. Soc. Bulx

dence that habitat conditions for beavers were better on th T

Green River than on the Yampa River. Furthermore, ther yck, A.P., and MacArthur, R.A. 1992. Seasonal pattems of body

was some evidence that predation pressure was higher for tg;nr]pegat;gec)f;g ng’étyl'g;rzee'rangmg bea@agtor canadensjs

adult beavers on the Yampa River. Thus, owing to the Weighkberhérdlt L.L . aﬁd Tho_mas J M. 1991. Designing environmental

of evidence, we argue that flow regulation may have bene field stu,diés”EcoI Monogl’ﬁl: 5'3_73 ' gning

fited be.avers and that the p”mf’iry.f.acmr e.nhancmg beaveIJ-:aIck, M. 1996. Small mammal population dynamics in riparian

populations was the greater availability of willow because of

! o T . - zones of regulated versus unregulated rivers in northwestern
'ts. shift in dls_trlbutlon from a bank-oriented to an island- Colorado. M.S. thesis, Colorado State University, Fort Collins.
oriented species.

Garshelis, D.L. 2000. Delusions in habitat evaluation: measuring
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ecology controversies and consequendedited byL. Boitani
and T.K. Fuller. Columbia University Press, New York. pp. 111-
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