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Introduction

The Yellowstone—to—Yukon (Y2Y) region of western North America offers ane of
the last, best opportunities on the continent o conserve intact ccological relationships and
large carnivores (Locke 1997). The headwaters area of the Fraser River (Robson Valley)
in British Columbia contains a globally-unique ecosystem of inland rainforests that is
threatened by extensive logging (Zammuto 1996). Chinook salmon (Oncorfivnchs
tshawytscha) migrate 1300 km from the Pacific ocean to spawn there. Grizzly bears
(Ursus arcios) that feed substantially on salmon have larger body size, greater population
productivity, and higher density (Hilderbrand et al. 1999b). Moreover, bears may
transport salmon-derived nitrogen into ucl_j'acenL riparian forests (Hilderbrand et al. 1999a)
which, in turn, may influence tree growth (Helfield and Naiman 2001} and biological
diversity (Willson et al, 1998, Gende et al. 2002). Thus, it is important to determine if
such an ecological relationship exists in this unique inland rainforest at the headwaters of
the Fraser kiver. The objectives of this reconnaissance study were to: (1) ascertain the
presence of grizzly bears at salmon streams during the salmon run, and (2) determine the

contribution of salmon to the diet of grizely bears,
Study Area

The Robson Valley contains the headwaters of the Fraser River, which drains 25% of
the province of British Columbia (Bocking 19973, The valley occurs in the Interior
Cedar-Hemlock biogeoclimatic zone of the Province and harbors a globally-unique
antique rainforest with 1000-yvear old cedars and a unique assemblage of cpiphytic
lichens (Goward 1994). We surveyed grizzly bears along the following 7 tributaries of
the upper Fraser River where chinook salmon spawn in late summer {average number of
salmon [997-1998 in parentheses): Slim (2897), Walker (257), Morkill ( 1474, Goat
(328), West Twin (20}, McKale (203, and Holmes (2783) {average total = 7779). On
average, the salmon start spawning about August 9, peak about August 19, and finish by

August 31 (Department of Fisheries and Gceean 2003).




Methods

Field surveys

We devised a variation of the non-invasive method pioneered by Canadian biologists
and geneticists for collecting hair from bears (Woods et al, 1999, In preliminary trials
with several captive grizzly bears at the Bear Research, Education, and Conservation
Facility at Washington State University, all bears rubbed vigorously on 10-cm x 10-cm
carpet pads impregnated with a proprietary scent lure. In the field survey, a scent station
consisted of (a) a 30-cm x 30-cm carpet pad scented with animal blood and fish oil that
wis suspended from a tree branch out-of-reach of bears, and (b} 5 scented rub pads nailed
on nearby tree trunks. We established scent stations al 29 sites along/near salmon streams

during 2 concurrent 15-day sampling sessions starting August 20, 1999,

DNA analyses

The Wildhle Geneties International (WG lab, under the direction of D, David
Factkau, conducted the DNA analyses. An experienced WGI technician inspected hairs
under a dissecting microscope and identified glossy black goard hairs with black tips as
black bear (Mowal and Strobeck 2000). A previous study determined through
mitochondrial DNA (mtDNA) analysis that this subjective sorting assigned 97% of the
samples correctly (Woods et al. 1999}, WGI technicians extracted DNA rom the
remaining samples using a QlAamp tissue kit. They identificd the species by amplifying
a shorl section of the mitochondrial control region that has a deletion of 13-15 base pairs
in grizzly bears compared to black bears (Shields and Kocher 1991, Woods ct al. 1999).
Next, they attempled o wdentily individuals using a suite of 6 nucrostatellite loci
(Paetkau 2003, loct GlLA, G1D, GLOB, GI10C, G1OL and G1OX), They used

GENOTYPER software (Perkin Elmer - Applied Biosystems, Foster City, CA) to score

genolypes, and Dr. Paetkan independently confirmed the score visually,




Stable isotope analyses

The ULS. Geological Survey laboratory in Denver, CO, under the direction of Dr.

Robert Rye, conducted the stable isotope analyses. Lab personnel cleaned the bear hair

~samples using repeated rinses of a 2:1 choloroformimethanol solution. They weighed
samples into 1in boats and measured 67C, 8"N and &S by continuous flow methods
using a Carlo Erba NC2500 elemental analyzer coupled to either a Micromass Optima
mass spectrometer or a Finnigan Delta Plus XL mass spectrometer. The isotopic values
are reported conventionally in & notation as the deviation per mil (per thousand)
according to

X =HRond By - 11-% 1000
where X is 6VC, 0N or &S and R, ...+ corresponds (o the Pee Dee Bellemnite (8C),
atmospheric N (8""N), and CDT (8"'8) standards (Felicetti et al. 2003). Based upon
hundreds of such measurements over the past several years, the measurement error is
estimated 1o be £ 0.2%.

For this reconnaissance survey, we used previously reported values of 8C, 6N, and
&"S for chinook salmon (Hilderbrand et al. 1996, Fellicetti et al. 2003) and for plants and
animals potentially used by bears (Hobson et al, 2000 [no values for 6%S available]).
Following the approach of Ben-David et al. (1997a &b), we developed a food-mixing
model using 2 isotopes (6"C, 8N} and 3 foods (salmon, terrestrial meat, and terrestrial
plants) to estimate the contribution of these foods to the diet of bears. This model uses the
carbon and nitrogen 1sotope values of cach food corrected for its enrichment after
assimilation into the bears' hair (1.e., the fractionation’ value). We determined the
Buclidean distance (= Vx* + ¥%) between the 8"°C value (X) and "N value (Y) of each
bear sample and the corresponding corrected value for each food on a bivariate graph.
The relative contribution of cach food o the bears' diet is the inverse of this Euclidean
distance. Using equations reported by Fellicet et al, (2000, Fig. 1) based upon feeding
trials with caplive grizzly bears, we obtained the following correction values:
salmon: 8"C = -19.3, 8°N = 15.1; terrestrial meat; 8C =-21.6, 8N = 8.2; and
terrestrial plants: 8VC = -22.5, §"N = 3.4,
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Resuits
Oceurrence of salmon in the Fraser Headwaters

The number of spawning salmon in the Fraser Headwaters varied between streams
and between years (Table 1), The highest number of spawning salmon occurred in Slim
Creek, Holmes River, and Morkill River. The number of spawning salmon in the 5
survey streams totaled 7359 in 1997 and 8118 in 1998, In 19949 -~ the year of our grizzly
bear survey -- the number of salmon making it to these streams dropped Lo 3205
(hold column in Table 1), This represented a signilicant decline of 60.5% from the

previous year; the greatest decrease occurred in the Holmes River.

Table 1. Number of chinook salmon counted in tributary streams to I'raser River,
British Columbia, 1997-2001. Data from annual surveys conducted by the
Department of Ocean and Fisheries,

Stream | 1997 [ 1998 | 1999 | 2000 2001 Mean (+ SE)
Slim 3130 | 2664 | 1235 | 2112 2876 | 2403 (337) |
Walker | 122 | 392 206 252 177 230 (46)
Morkill | 550 [ 2398 | 1152 | 926 + 1257 (400)
~ Goal 354 | 302 8 | 21z | w1 | 3 ED
Hilmes 3203 | 2362 523 | 1795 | 1018 1780 (476)
"TOTAL | 7359 | 8118 | 3205 | 5297 | na |
Mean 1472 1624 641 1059 1121 1186
*+SE) | (695) | 24y | 237) | (390) | (611) 2200 |

+ no inventory but salmon were present
Occurrence of grizzly bears at salmon streams

Grizzly bears visited 6 (2195) of the 29 survey stles and lelt hair on 12 pads (Fig. 1,
Table 23 Most of the grizzly activity occurred in the lower reaches of the Slim Creek,
Walker Creek, and Morkill River tributaries to the Fraser River (Fig. 1), Grizzly bears did
make visits during both sessions al stations in Slim Creek (#1), Morkill River (#0), and
Holmes River (#20). Only | grizzly bear hair sample (Slim Creek #1), however,

amplificd a complete genotype to determine individual identity. Black bears visited 20

(69% ) sites along all surveyed tributaries and left bair on 74 pads.
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Table 2. Number of rub pads with bear hair along salmon streams,
headwaters of the Fraser River, British Columbia, Aug 20-Sep 25 1999,

_ Session I | Session II
Stream Station Black | Grizzly | Black | Grizzly
d Bear Bear | Bear Bear
Slim 1 3 I 4 |
- 2 - | 0 3 0
| Walker 3 0 3 | 0
4 0 0 2
18 2 - = 4 B
Morkill 6 2 | [ ]
7 ! 0 0 0
8 2 0 0 0
; 9 4 0 3 0
Goat | 10 | 0 3 0
1 B | 0 2 0
12 5 0 5 0
s 13 0 0 | &=
14 | 0o | - :
~West Twin E L | 0 N
1 6 | 3 0o | 1 B
McKale 17 4 g6 | - 1T =
18 | 0 0 - -
Holmes 19 () _ 0 - -
(Beaver) | 20 0 2 {} |
= 21 | 0 0 0
“au 22 = : 0 0 |
23 0 0 0o | o |
= 24 0 0 & =
B ] 25 0 0 - :
26 i i 0 0 |
i 4 0 I 0
28 4 0 3 0
29 - 3 | ©
|
| TOTALS 29 38 T 1 3 | 5

"1 sample had mixed hair from both species




Stable isotope profiles of bears detected at salmon streams

Cirizzly bears detected at salmon streams exhibited values (mean + S} of -23.73
(£ 0.69) for 8"C, 4.39 (£ 1. 41) for 8"N, and 12.35 (+ 2.52) for 8"S (Table 3, Fig, 2).

Black bears had similar values for these isolopes,

Table 3. Stable isotope values for hair of grizzly bears (n=10) and black bears (n=16)
collected at salmon streams, headwaters of the Fraser River, British Columbia,

Aug 20-Sep 25 1999, Parenthetical numbers refer to site locations shown in Fig. 1
and letters refer to the first (a) or second () SUrvey session.,

Gr'izzl}‘

Grizzly

5N

Grizzly Black Black Black

Bear Bear Bear _ Bear Bear Bear

Stream 3C | 8N | 8% Stream e 8" N 8
Slim (1a) -24.0 4.5 8.4 Slim (1a) -25.7 4.2 3.3
 Slim (1b) 23.8 4.5 9.8 Slim (1b) 25.0 4.0 9.3
Walker (3a) | 238 4.7 11.3 Slim (2b) -25.0 4.2 9.9
Walker (3a) | -237 | 4.6 11.1 Walker (5b) -25.6 5.5 16.2
 Walker (3a) | 220 7.6 15.6 | Morkill (6a) 243 T 12.1
Walker (4b) | -239 | 50 11.9 Morkill (6b) 243 5.1 . 12.1
Morkill (6a) | -23.5 3.9 122 | Morkill (9a) -23.2 4.8 3.7
Morkill (6b) | -24.7 3.9 2.1 Goat (10b) | =263 36 | 103
Holmes (20a) | -23.8 2.8 16.3 Goat (11b) -24.7 4.1 9.1
Holmes (20b) | -24.1 24 14.8 Goal (12a) -23.9 53 117
Goat(12b) | -245 A7 | 103

Holmes (21a) =251 Al 15.4

I Holmes (27a) =230 5.0 13.8
2 Holmes (27h) =22.6 3.l 13.9
& Holmes (28a) -23.6 3.9 13.4
B Holmes (28b) | -23.6 3.8 12.2
 Mean -23.73 | 439 | 1235 -24.40 4.35 1181
3D 0.69 1.41 2.32 1.04 0.74 2.69
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Contribution of salmon to the bears' diet

Using the dual-isotope (6"°C, §"'N) mixing model, we calculated that chinook salmon
contributed an average of 8.9% to the diet of grizzly bears and 10.9% to the diet of black
bears in the Fraser Headwaters in 1999 (Table 4}, The highest contribution of salmon to
the diet of both grizzly (20.7%) and black bears (15.4%) occurred in the Walker Creek
drainage. Terrestrial meat (possibly ants: Hobson et al. 2000) comprised an average of
23.8% and 27.2% to the diel of grizzlies and black bears, respectively, with plants
contributing 67.3% and 61.9%.

Table 4. Contribution (%) of different foods to diet of grizzly and black bears,
headwaters of the Fraser River, British Columbia, 1999,

Siream : ___:_§a§_t1}qqp_ | Terrestrial Meat | Terrestrial Plants
Grizely | Black | Grizzly | Black | Grizzly | Black

BT 2.9 257 1| 112933 645 | 576
Walker 2000 ) s 32.6 30.7 467 47.9
Morkill 9.2 95 | 226 24.9 68.2 65.6
“Goal 1 123 - R : ~ 58.1
Holmes Gl 8.0 19.8 2 1N P BT 70.9
Mean | 89 109 | 238 27.2 67.3 61.9

Discussion

Occurrence of grizzly bears along salmon streams

We detected grizely bears during the salmon spawning period in the lower reaches of
Shim Creek and Morkill River and especially along Walker Creek (Fig. 1), The number of
occurrences, however, was rather low. Perhaps few grizzly bears visited streams in 1999
because there were fewer salmon, Fishery biologisis believe that El Nino caused an
unusually warm body of water to form at the mouth of the Fraser River in the summer of
1999, which prompted returning salmon to go further up the BC coast (D. Schindler, pers.
commun. ). Perhaps fewer grizzly bears than black bears visited the sites because grave
roads closely paralleled many of these streams for considerable stretches. Finally, scented

stations may nod be as effective in late summer when food is abundant.
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Contribution of salmon to the bears' dict

The contribution of salmon to bears' diet has been inferred from enriched values of
carbon and nitrogen (Hilderbrand et al. 199%a & b, Jacoby et al. 1999). More recently,
sulfur has been used as a marker of marine foods (R. Rye, unpublished data). In this -
study, carbon values indicated thal salmon comprised a minor proportion (9-11%) of the
bears' diet {Table 4), whereas the sulfur values sugeested a more substantial contribution
ol salmon. One possible explanation (suggested by K. Hobson, Canadian Wildlife
Service, pers. commun.) is that grizzly bears may have consumed relatively few salmon
in 1999 {thus, the values of 8"C and 8"N that were only slightly enriched), but those
salmon may constitute the primary source of sulfur in the bears' dietary environment
{thus, the higher values of 68} A study of redhead ducks wintering along the Gulf coast
of Texas also reported a paradox between carbon and sulfur values (Trust 1993).

We have noted that the number of salmon returning to spawn in the headwaters of the
Fraser River was quile low in 1999, Hence, typical use of salmon by bears in the Fraser
Headwalers cannol be assessed on the basis ol a single, anomalous vear of data
collection, Nonetheless, we conclude that grizzly bears feed on salmon in the Fraser
Headwaters on the cumulative basis of: (1} occurrence of grizzly bears al salmon streams
during the salmon run, (2) observations reported to us of grizzly bears fishing for salmon,

and (3) levels of 88 and (1o a lesser extent) 8"°C indicative of salmon in the diel,

Conservation of a Unique Grizzly Bear-Salmon Relationship

Prior to the 19305, salmon comprised 33-90% ol the assimilated dict of grizzly bears
in the Columbia River watershed draining the west slope of the Rocky Mountains
(Hilderbrand et al. 1996). Grizzly bears have been extirpated [rom that area in the U.S.,
(LS, Fish & Wildlile Service 1996), and salmon runs have decreased by more than 90%
(Gresh et al. 2000),

The Robson Valley at the headwaters of the Fraser River appears 1o be the only place

m the Rocky Mounlains where grizely bears still feed on anadramous chinook salmon.

Thus, it comprises a unique ecological relationship that warrants careful stewardship.




Based {in part} upon preliminary findings of this reconnaissance survey as reported
by Save-The-Cedar-League (Zammuto 2002}, the provincial government of British
Columbia has protected several key areas recently. Most importantly, much of the
'rainforest conservation corridor' spanning 75 ki across Robson Valley as proposed by
STCL in 2002 has been protecied through designation of 'old-growth management areas’
and various ecological reserves. These protect several key stretches along the lower
reaches of Slim Creek, Walker Creek, and Morkill River. They also provide an important
linkage between known grizzly bear areas in SugarBowl/Grizzly Den and Kakwa

Provincial Parks (see maps at www savethecedarleague.org).

Acknowledgements

The Wilburforce Foundation funded this reconnaissance survey through its
Yellowstone-to-Yukon Conservation Science grant program. The LaSalle Adams Fund
provided funding to Richard Zammuto. Robert O. Rye, United States Geological Survey,
conducted the stable isolope analyses and David Paetkau, Wildlife Genetics International,
conducted the DNA analyses. Charles T, Robbins permitted testing of grizzly bears al the
Bear Research, Education, and Conservation Facility at Washington State University (o
the scented rub pads. He and Keith A. Hobson provided helplul perspective on
interpreting the stable isotope results. I. Zammuto assisted with the field surveys, We

thank each of you for your contributions (o this study.




12
References

Ben-David, M., R W. Flynn, and D.M. Schell. 1997a. Annual and seasonal changes in
dicts of martens: evidence from stable isotope analysis. Oecologia 111:280-291,

Ben-David, M., T.A. Hanley, D.R. Klein, and D.M. Schell. 1997b. Seasonal changes in
diets of coastal and riverine mink: the role of spawning Pacific salmon. Canadian
Journal Zoology 75:803-811.

Bocking, R.C. 1997, Mighty River: A Portrait of the Fraser. Douglas & Melntyre,
Yancouver, British Columbia,

Chisholm, B.5., and Schwarcz, HL.P. 1982, Stable-carbon isotope ratios as a measure of
marine versus terrestrial protein in ancient diets. Science 216: 113 1-1132,

DeNiro, MLJ., and Epstein, S. 1980, Influence of diet on the distribution of nitrogen
isotopes in animals. Geochim Cosmochim Acta 45:341-351,

Department ol Fisheries and Ocean. 2003, Preliminary chinook spawning ground
enumeration for non-Lower Fraser stocks and tributaries, 1997-2002. Prince George
District 291,

Felicetti, L.A., Schwartz, C.C., Rye, R.O., Haroldson, M.A., Gunther, K_A_, Phillips,
D.L., and Robbins, CT. 2003, Use of sulfur and nitrogen stable isotopes to determine
the importance of whitchbark pine nuts (o Yellowstone grizely bears. Canadian Journal
Zoology 81:763-770.

Gende, S.M., R.T. Edwards, M.F. Willson, and M.S. Wipfli. 2002. Pacific salmon in
agquatic and terrestrial ecosystems, BioScience 52:917-928,

Goward, T. 1994, Notes on oldgrowth-dependent epiphytic macrolichens in inland
British Columbia, Canada. Acta Bol, Fenn, 150:31-38,

Gresh, T., 1. Lichatowich, and P, Schoonmaker. 2000, An estimation of historic and
current levels of salmon production in the northeast Pacific ecosystem. Fisheries
25:15-21.

Helleld, )i, and Naiman, B.J 2001, Effects of salmon-derived nitrogen on riparian
forest growth and imphications Lor stream productivity, Ecology 82:2403-2409,

Hilderbrand, G.V., Hanley, T.A., Robbins, C.T., and Schwartz, C.C. 19994, Role of
brown bears (Ursus arcios) in the Tlow of marine nitrogen into a terrestrial ecosystem,
Oeccologia 121:5346-550,




13

Hilderbrand, GV, Farley. S.D., Robbins, C.T. , Hanley, T.A., Titus, K., and Servheen,

C. 1996. Use of stable isotopes to determine diets of living and extinet bears.
Canadian Journal Zoology 74:2080-208%.

Hilderbrand, G.V., Schwartz, C.C., Robbins, C.T._ ] acoby, MLE,, Hanley, T.A., Atthur,
S.M., and Servheen, (. 1990h, Impartance of meat, particularly salmon, to body size,

population productivity, and conservation of North American brown bears. Canadian
Journal Zoology 77:132-138.

Hobson, K.A., McLellan, B.N., and Woods, 1.G. 2000, Using stable carbon (8" C) and
nitrogen (8" N) isotopes Lo infer trophic relationships among black and grizzly bears
in the upper Columbia River basin, British Columbia. Canadian Journal Zoology
78:1332-1339.

Jacoby, MLE., Hilderbrand, G.V_, Servheen, C., Schwartz, C.C., Arthur, S.M.. Hanley,
T.A., Robbins, C.T., and Michener, R. 1999, Trophic relations of brown and black
bears in several western North American ecosystems. Journal of Wildlife
Management 63:921-929,

Locke, 1. 1997, The Yellowstone 1o Yukon vision. I Connections - Proceedings of the
First Conference on the Yellowstone to Yukon Conservation Initiative. Edited by 5.
Legaull, and K. Wiebe. Calgary, AB. pp. 33-48.

Mowat, G., and Strobeck, C. 2000. Estimating population size of arizzly bears using hair
capture, DNA profiling, and mark-recapture analysis. Journal of Wildlife
Management 64: L 83-193,

Paetkau, D, 2003. An empirical exploration of data quality in DNA-based population
inventories. Molecular Ecology 12:1375-1387,

Paetkau, D., and Strobeck, C. 1996. Mitochondrial DNA and the phylogeography of
Newloundland black bears. Canadian Journal of Zoology 74:192-196,

Peterson, B.J., and Fry, B. 1987, Stable isotopes in ecosystem studies. Annual Review
Ecology and Systemalics 18:293-320.

Phillips, D.L.. and Koch, P.L. 2002, Incorporating concentration dependence in stable
isotope mixing models. Oecologia 130:1 14-125,

Robbins, C.T., Hildebrand, G.V., and Farley, S.D. 2002, Incorporating concentration
dependence in stable isotope mixing models: a response Lo Phillips and Koch (2002).
Oecologia 133:10-13.




14

Rye, R.O., Schwartz, C.C., Kester, C.L., Podruzny, S.A., Shanks, W.C., Gunther, K.A.,
and Crock, 1.G. 2002, Reconnaissance stable isotope and mercury trace element
studies of grizzly bears and their foods in the Greater Yellowstone Ecosystemn. In
Proceedings of the 3™ International Conference on Applications of Stable Isotope
Techniques to Ecological Studies. Northern Arizona University, Flagstaff,

Shields, G.E., and Kocher, T.D. 1991, Phylogenetic relationships of North American
ursids based on analysis of mitochondrial DNA. Evolution 45:218-221.

Trust, B.A. 1993, Stable carbon and sulfur isotopic ratios in migrating redhead ducks
{(Avthva americana) and their breeding and wintering habitats. Dissertation, The
University of Texas at Austin.

LS. Fish & Wildlife Service. 1990, Grizzly bear recovery in the Bitterroot Ecosystem.
USD, Fish & Wildlife Service, Missoula, Montana, 476pp.

Weaver, 1L., Paquet, P.C., and Ruggiero, L.E. 1996, Resilience and conservation of large
carnivores in the Rocky Mountains. Conservation Biology 1:964-976,

Willson, M7, Gende, 5.M., and Marston, B.H. 19985, Fishes and forest, BioScience
48:455-462.

Woods, 1.G., Pactkau, I, Lewis, ., McLellan, B.N., Proctor, M., and Strobeck, C. 1999,
Genetic tagging free ranging black and brown bears. Wildlife Society Bulletin 27:
616-627.

Zammuto, R. M. 1996, Bridge the 1sland parks with ancient rainforest biodiversity.
Educational Report No. 1. Save-The-Cedar League, Crescent Spur, British Columbia.

Zammuto, R, M. 2002, Rainforest conservation corridor Tor Robson Valley, Educational
Report No. 4. Save-The-Cedar League, Crescent Spur, British Columbia.




