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Productivity of a managed grazing system is dependent upon both the grazing 

strategy of ungulates and decisions made by humans. Herds of domestic reindeer 

(Rangi{er wrandus tarandus) graze on discrete ranges of the Seward Peninsula, 

Alaska with variable production rates. We show that the 15N natural abundance of 

reindeer forages vary signilicantly and the i'i 15N value of collagen deposited in antler 

bone from spring until ossification was significantly correlated with the i'i 15N 

signature of the diet. Calf weight in June was related to isotopic signatures in antler 
and soft tissue of adult females, and was inversely correlated with the absolute 
differential between summer and winter serum 815N values. This observation 

suggests that female reindeer with smaller calves had catabolized more body protein 

during winter than females in adjacent herds. Moreover, in herds with smaller calves. 

female reindeer consumed proportionately more shrubs in early spring resulting in a 

strong relationship between 815N signatures of antler collagen deposited in May and 

calf weight. These data suggest female reindeer catabolizing relatively more body 

protein during winter may attempt to compensate by increasing consumption of 

high-protein catkins and leaf buds of shrubs during May. Herders with relatively 

smaller calves in their herds may be able to improve protein balance of reproductive 
females and thus increase calf productivity by increasing access to shrub habitats 

during spring. 
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Introduction 

Productivity of a managed grazing system is dependent upon 
decisions made by both humans and the grazing animal. Choosing 
where and when to feed across a variable landscape occurs at a 
number of scales (Senft et a!., l Y87: Bailey et a!., 1'.)96) where 
large-scale landscape decisions like defining home and regional 
ranges are generally made by humans, whereas small-scale 
decisions like patch and bite selections are made by the grazing 
animal. A better understanding of the strategies taken by grazing 
ungulates will help humans to make better landscape-wide 
decisions because choices made at the larger scales will constrain 
the chokes available to grazers at smaller scales. 

Domestic reindeer(Rangij(>r tarandus tamndus) are managed in 
extremely heterogeneous tundra environments across the circum­
polar north (Nellemann and Thomsen, 1994; Mare!! and Edenius, 
2006). The vascular plant growing season of tundra environments is 
also very short so the spatial-temporal availability of high quality 
forage is limited. Reindeer appear to forage selectively on species 
that contain high concentrations of protein during the growing 
season (Klein, 1970; Nieminen and Heiskari, 1989; Staaland and 
Saebli, 1993; Finstad, 2008) because growth of both hard (bone, 
hair) and soft tissue (muscle, organs) is at a maximum. Compar­
;ltively small differences in the proportion of nutrients in forage 
can markedly influence weight gain in reindeer (McEwan and 
Whitehead, 1970: White, 1983). Thus. proper seasonal placement of 
reindeer on a highly heterogeneous nutritional landscape is very 
critical for animal productivity (Klein, 1970; Pulliainen, 1971: 
Skogland, 1978; Staaland and Saebii, 1993; Finstad, 2008) 
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Domestic reindeer were introduced to the Seward Peninsula; 
Alaska, during the late 1890s and currently are one of the primary 
livestock under production in Alaska (Stern et al., 1980; Finstad 
et al., 2006). Reindeer on the Seward Peninsula exhibit fast growth 
rates (0.43 kg day- 1 for male, 0.37 kg day- 1 for temale calves) 
during summer and achieve a high body mass (98 kg for females in 
winter) and high reproductive rates (up to 39% yearling females 
lactating) compared to other circumpolar Rangifer populations 
(Prichard et al., 199'.); Finstad and Prichard, 2000). 

Forage availability (energy) is often considered the primary 
constraint of production for free-ranging ungulates, but this may 
not be the case for reindeer on the Seward Peninsula. Stocking 
densities of reindeer from the late 1980s to present have been 
relatively low (Finstad et a!., 2002. 2006), and range inventories 
(Natural Resource Conservation Service, I '.)98) indicated an 
abundance of lichen, a primary summer and winter energy-rich 
forage. Indigenous caribou ( Ran[!,i/er lllrandus gramii) were not 
present on the Seward Peninsula in significant numbers at the time 
of this study to graze competitively with reindeer. Although 
growth and body weights of calves and adults were comparatively 
high across the Seward Peninsula there were differences among 
discrete populations of reindeer that are likely related to variation 
in forage quality (protein) during spring and summer (Finstad and 
Prichard, 2000; Finstad, 200S). Recent studies have also demon­
strated the importance of diet in influencing protein allocation, 
protein balance. and reproduction in Rangifer (Barboza and 
Parker, 2008: Parker et al., 2009). ln a recent study, Finstad (2008) 
found that diets of reindeer were not related to the habitat 
composition of ranges on the Seward Peninsula, Alaska. Instead, 
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diet composition was likely related to the nutritional character­
istil:s of individual plant growth forms. 

Since many northern plant growth forms have distinctive 
8 15 N signatures (Schulze t:t al.. 1994; Nadelhofft:r et al., 1996; 
Kielland et al.. 1998). N assimilated into various tissues of reindeer 

may provide insight into the environmental sources of N that are 
related to animal production (Gannes ct al., 1997). Jdentitication 

of forages that are drivers of production in reindeer populations 
may help herders to seasonally distribute animals on the 

landscape. 
Hard tissue. like collagen in bone, is inert and can be used to 

estimate diet long after the animal has died and the soft tissue 
decomposed (Schell et al.. 1989). For example. differences in 
isotopic signature of sequential hoof layers of reindeer and caribou 
represent annual changes in diet composition (Barnett, 1994). 
Antlers of reindeer and caribou are shed during the winter and 
regrow during the SLimmer months when nutrient availability is 

high. Nitrogen in collagen is laid down during the synthesis of 
cartilage as antlers are formed. In reindeer. cartilage formed 
during antler synthesis is vascularized so it does not undergo 
erosion by invading blood vessels as happens in cartilage of long 

bones (Ronning et al., 1990). As a result, ,) 15N signatures in 

sequential antler layers should temporally ref1ect dietary N during 
the growth period. Each successive layer of deposited nitrogen in 
antler bone may have a distinct isotopic signature indicating 
source (plant growth form) of protein from the environment. Since 
circulating N is used for synthesis of protein found in both hard 
and soft tissue alike, the isotopic signatme of soft tissue at any one 
time should correspond to the N signature of collagen in 
sequential layers of hard tissues like hooves (Barnett. 1994) and 
bone in antlers. 

The degree of isotope enrichment of body tissue has also been 
used to estimate body condition of animals (Hobson eta!., 1993). 
Tissues of animals under nutritional stress that are catabolizing 
body protein show a progressive enrichment of body tissue 
compared to animals on diets meeting maintenance requirements 
(Hobson et al., 1993). In Rangifer, the lighter nitrogen in the waste 
product urea is recycled and used in place of dietary protein; 
therefore animal Jean tissue becomes more enriched as recycled 
urea is used as the source of metabolic N instead of the diet 
(Barboza and Parker, 2006). Consequently, reindeer in negative N 
balance may demonstrate stronger 15N enrichment of tissue than 
animals of better nutritional status. 

Although there have been previous studies using isotopes to 

track N f1ux through ecosystems (Deniro and Epstein, 1981; 
Peterson and Fry. 1987; Kielland. 200la), we know of no studies 
tracking flux of N through a grazing system that can be 
manipulated by humans to increase food production. Here we 
present data on o15 N in both forage plants and reindeer tissue 
across the Seward Peninsula, Alaska. We hypothesized that 
variation in diet selection would be reflected in o15N signatures 
of reindeer tissues, which in turn may be correlated with herd 
productivity. 

The objectives of this study were to (I) measure the o 15N 

signatures of plant growth forms consumed by reindeer across 
ranges of the Seward Peninsula; (2) examine the relationship 

between seasonal diet composition and 8 15N signatures of feces. 
antler, and soft tissue of reindeer; and (3) measure variation of 

8 15N signatures of reindeer tissues across herds and examine the 

relationship between these parameter and an index of animal 
production (calf weights). Samples were also collected from 

hunter-harvested caribou from the Western Arctic Herd (W /\H) 

and from caribou and reindeer housed at the University of Alaska 
( Ui\F) Large Animal Research Station (LARS). for comparison 

544 I ARCTIC, A~TARCTIC. AND ALPI:>JE RESEARCH 

of isotopic signatures of tissue from animals with sources of 

dietary N other than the Seward Peninsula. 

Study Sites 
The state and federal public lands of the Seward Peninsula 

have been segregated into discrete allotments where individuals 

are given exclusive reindeer grazing permits. This study was 

conducted on five reindeer grazing allotments (hereafter called 
ranges) extending from White Mountain (64"43'N. 163"28'W) to 
Shishmaref (66 '14' N, 166'07'W), each with its own distinctive mix 
of vegetation communities (Fig. 1), (Swanson et al., 1985; Finstad, 
2008). ·rhe cold Bering Sea inlluences climate with persistent winds 
in winter and cool wet weather in summer. Generally, there is an 

increasing ratio of graminoids to deciduous shrubs comprising the 
northern ranges than those in the southern Seward Peninsula 

(Swanson et al., 1985; Finstad and Kielland, 2005). 

The Weyiouanna range consists of wet and dry tundra where 

graminoids, especially sedges, Eriophorums spp. and Carex 

aquatilis dominate with riparian willows found in relatively small 

drainages (Fig. I). The Olanna range consists of wet tundra 
merging with dry tundra on lower slopes of hills and mountains 

while upper slopes arc bald limestone and lava beds. Local 
weather is influenced by onshore winds with cold persistent winds 
in winter with cool wet. foggy summers (Fig. I). The Noyakuk 
range is dominated by deciduous shrubs in the floodplain 
surrounding the lmruk basin. a large brackish lake in the 
southern portion of the range and vast areas of tussock tundra 
extending northward to the windswept Kougarok Mountains 
(Fig. 1). The Davis range consists of the coastal plains near 
Nome where grasses dominate to the more mountainous area to 

the north where woody shrubs predominate (Fig. I). The 

majority of the range is rolling valleys containing rivers, streams. 

and lowlands that support deciduous shrubs. while upland areas 
contain mostly lichen and graminoid species. The climate is 
transitional with cool, wet summers along coastal areas, but 
much drier and warmer inland. The Gray range is the 

demarcation of tree line in western Alaska so communities of 
predominantly deciduous shrubs are interspersed with coniferous 

trees (Fig. 1 ). The Fish River Delta is a large expanse of tidal 

marshes. wet sedge meadows and shrub lands. Upland slopes of 
dry and llpland tundra surround this delta. The climate is 
maritime, but uplands buffer the maritime winds and precipita­

tion so spring and summers are warm and dry which is indicated 

by the presence of spruce forests that are absent from the 
surrounding coastal areas. 

Study Animals 
All animal use procedures were reviewed and approved by 

the University of Alaska Institutional Animal Care and Use 
Committee, protocol 96-02. 

Domestic reindeer demonstrate strong site lidelity and are 
relatively sedentary. so their movements and foraging activitit:s are 

confined to relatively small areas(:!: 20 km) within the designated 
ranges (Oleson, 2005). Seward Peninsula reindeer herders practice 

an extensive management system where reindeer are allowed to 

free-range for much of the year. but are herded and held at specitic 

locations throughout the year for calving or conservation of 

grazing areas. Recently, there has been an interest and a shift to 

more intensive range management to increase the productivity and 

economic output of their operations, particularly meat production 
(Finstad et a!., 2006 ). 
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FIGURE I. Reindeer ranges of the Seward Peninsula, Alaska where study was conducted. !please add latitude and longitude and resubmit 
this figure! 

Herd recruitment rates were high during the time of this 

study. likely due to good nutrition and low predation rates. 

Wolves (Canis lupus) were generally absent from the Seward 

Peninsula, wolverine (Ciulo gu/o) numbers were low because of 

active trapping and hunting, and herders watched over animals 

during calving to minimize grinly bear ( Urous urcros horrihilis) 
predation of neonates at the time of this study. Indices of winter 

severity (Cllmulative wind X cumulative snow depth) were similar 
and around average for the winters of 1996··· 1997 (Finstad, 2008 ). 
Climatic events (Weladji et al.. 2002: R<lttenbury et al., 2009) and 

insect harassment (Morschel and Klein, 1997) are known to 

influence Rangifcr production, but we assumed these ubiquitous 

effects were constant across herds during the course of the study. 

Caribou of the WAH calve on the arctic plain of the North 

Slope of Alaska during June (Fig. 1). The North Slope Arctic Plain 

is dominated by graminoids in wet sedge meadow communities 

(White et a!., 1975). Caribou in this herd typically migrate much 

greater distances (100-500 km) compared to reindeer. 

Samples were collected from archived antlers cast from 

reindeer and caribou at LARS. The LARS research station 

.:omprises 54 hectares of which approximately 50'fo is pasture 

consisting of smooth bromegrass (Bromus inermisl. Caribou and 

domestic reindeer were feel a consistent diet of commercial pelleted 

ration. (Quality Texture™: QTX). and pasture throughout the 

antler growing season. 

Methods 
Ten- to twenty-gram samples of reindeer forage plants were 

collected once a week. May throLtgh August 1996 and May 

through August 1997 as part of another study (Finstad. 2008) on 

four replicate sites on the Davis range, five on the Gray range. 

three on the Olanna range, and one site on the Weyiouanna range 

during June 1996. Differences in number of sampling sites were 

due to logistical difficulties caused by extreme remoteness and 

severe weather. The samples included deciduous shrubs: Salix, 
Betula, and Vucciniuu spp.: graminoids: Carex, and Eriophorum 

spp., Arctophila fulva. and Calumagrostis mnadensis; !orbs: 

Artemisia arctica, Petasii<'S f•'igidus, Equiserum spp., lfe((vsarum 

alpimtlll, Hippttris vulgario, Epi/obium spp.. Ranunculus spp .. 

Prdicularis spp.; and lichens: Cetmria cucullara. C islaudica, 
Cladina mitislarbusculu, and C/udinu rangiferina. All samples were 

dried for 48 hours at 60 C and then ground in a Wi!ey"'M mill 

using a I mm screen. 

We report 15 N natural abundance ue.ing the conventional 

delta notation 

where the standard reference is atmospheric N (Peterson and Fry, 

1987). Natural abundance of 15N of all phmt. antler, serum. red 

blood cells, muscle, urine, and fecal samples were assayed with a 

Europa Scientific 20-20 Continuous-now Isotope Ratio Mass 

Spectrometer at the Alaska Stable Isotope Facility, University of 

Alaska Fairbanks. Accuracy of standard assays for peptone from 

meat (P7750, Sigma, Milwaukee, Wisconsin) were within 0.5%o. 

The diet composition of reindeer across herds was estimated by 
feccli microhistological analysis. Radio-collars had been placed on 

adult female reindeer in each herd to support other research projects 

and to aid in range management Groups of reindeer were located 

seasonally, either by aerial radio-tracking or by consulting with the 
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TABLE I 

Mean (±SE) percentage of plant growth form found in digestibility corrected seasonal diets of Seward Peninsula reindeer estimated by 
microhistological analysis of pooled fecal samples. Data taken from Finstad (2008). 

Range 

Davis 

Gray 

I\'oyakuk 

O!anna 

season 

spring 

nil' 
June 

nip 

July 

nip 
fall 

nip 
v.:inter 

nip 

spring 

nip 
June 

nip 

July 

nip 
fall 

nip 

winter 

n!J> 

spring 

nip 

June 

nip 
winler 

nip 

spring 

nip 
June 

nip 

July 

nip 

vvinter 

nip 
\Veyiouanna June 

nip 

willow 

4.1 + 0.6 

36/n.s. 

]9.5 :': 3.0 

211* 

12.5 :': 1.9 

23/n.s. 

3.~ + 1.4 

6/n.s. 
4.0 + 1.5 

4/n.s. 

2.4 + 0.7 

29/n.s. 

26.6 :::!:: 3.2 

231* 
30.5 :': 4.X 

15/n.s. 

1.4 :+: 0.7 

24/n.s. 

0.8 + 0.3 

I R/n.s. 

2.4 + 11.5 

7/n.s. 
41 .4 + 9.6 

'2/* 

5.4 :': 1.6 

4/n.s. 

4.2 :::!::: 1.2 

9/n.s. 

1.1.9 :': 3.1 

9/* 

17.0 ": 2.7 

9/n.s. 

0.0 

1/n.s. 

40.1:+:3.4 

91* 

shrub 

10.2 + 1.3 

36/** 

3.7 :': 1.0 

2 1/n.s. 

2.4 :': 0.6 

23/n.s. 

2.7 :.7:: 0.9 

6/n.s. 

2.3+: 0.7 

4/n.s. 

2.6 + 0.7 

29/** 

1.7 :': 1.1 

23/n.s. 

I .2 :+: 11.8 

15/n.s. 

3.9 ::'~ 0.8 

24/n.s. 

3.8 + 0.9 

I X/n.s. 

5.5 + 1.2 

7/* 

4.7 + 4.7 

2/n.s. 

7.3 :': 0.9 

4/n.s. 
1.9 :': ().(i 

9/* 

1.6 + 0.8 

9/n.s. 

3.9 :': 2.2 

Y/n.s. 

7.7 

1/n.s. 

2.7 + 0.9 

9/n.s. 

grass 

4.4 :+: 0.9 

36/n.s. 

4.2 :': 0.8 

21/n.s. 

2.3 :': 0.8 

23/n.s. 

1.2 :': 0.5 

6/n.s. 

4.6 + 1.4 

4/tl.S. 
2.5 + 0.6 

29/n.s. 

7.3 :': 1.6 

23/n.s. 

8.5 :': 1.9 

I 5/n.s. 

4.3 + 0.4 

24/n.s. 

2.9 :': 1.0 

18/n.s. 

2.5 + 1.4 

7/n.s. 
2.6 + o.n 

2/n.s. 

1.2 :': 0.6 

4/n.s. 

3.3 :': 0.7 

9/n.s. 

6.3 :t.: 2.2 
9/n.s. 

I .4 .:': 0.6 

9/n.s. 

0.6 

1/n.s. 

4.7 :+: 0.9 

9/n.s. 

sedge 

9.5 :+: 0.9 

36/n.s. 

9.6 :': 1.4 

2 1/** 

11.8 :': 1.9 

23/** 

6.7 ' 4.7 

6/n.s. 

10.7 + 1.1 

4/n.s. 

8.6 :+: I .4 

29/n.s. 

25.1 :': 3.0 

231** 

31.8 :': 3.') 

15/** 

8. I + 1.4 

24/n.s. 

9.6 + 1.9 

18/n.s. 

7.8 + 2.7 

7/n.s. 

7.8 + 3.8 

2/** 

.3.6 :t 2.~ 

4/n.s. 

8.8 :': 1.6 

9/n.s. 

11.6 :' 2.1 

9/** 

12.1 •: 3.9 

9/** 

2.5 

1/n.s. 

12.0 :': 3.3 

91** 

Equisetrm1 

3.5 + 0.1 

36/** 

6.7 :': 1.9 

21/* 

3.2 :': 1.0 

23/* 

0.0 + 0.0 

6/* 

1.2 :':. 0.7 

4/n.s. 

4.3 ::t ~.2 

29/** 

0.9 :': 0.4 

231* 
l.2 :': 0.7 

I 5/* 

5.7 :'.: 1.4 

24/* 

0.2 0.1 

lX!tn. 

4.4 "' 1.9 
7/** 

0.0 :': 0.0 

"l.l* 

0.0 :': 0.0 

4/n.s. 

14.2 :+: 5 I 

91'* 
8.5 + 2.3 

9/*. 

7.2 "' 1.8 
91* 

0.0 

1/n.s. 

4.4 + 1.4 

91* 

forb 

1.6 + 0.4 

36/n.s. 

2.7 :': l.O 

21/n.s. 

3.4 :+: o.o 
23/n.s. 

1.7 + 0.6 

6/n.s. 

11.9 + 0.1 

4/** 

2.4 + 2.0 

29/n.s. 

0.8 :': 0.'1 

23/n.s. 

1.8 :': 0.9 

15/n.s. 

2.3 ::> l.l 

24/n.s. 

0.16 .1 0.3 

IS/*' 

1.3 .:':. 0. 7 

7/n.s. 

1.2:+:1.2 

2/n.s. 

2.8 :': 1.0 

4/** 

1.11 :': 0.5 

9/n.s. 

0.6"' 0.3 

9/n.s. 

3.0 + 1.0 

9/tl.S. 

0.0 

1/** 

2.3 + 1.3 

9/n.s. 

lichen moss 

56.2 :': 2.1 10.4 :': l.l 
36/* 36/n.s. 

49.0 :': 3.2 4.4 :': ll. 7 

21/* 

(l].3 ± 3.4 

23/** 

81.3 "'3.5 

6/* 

71.8 + 3.0 

4/n.s. 

65.1 + 2.3 

29/* 

36.X :+: 5.5 

231* 
24.1 :': 7.2 

15/** 

68.7 :': 2.3 

241* 

71.9 :t 3.6 

18/n.s 

68.8 :': 4.4 

7/* 

38') + 14.4 

21* 

76.6 ::t 3.1 

4/n.s. 
5(, II :': 5.1 

9/* 

49.4 :': 3.2 

9/* 

48.8 + 5.0 

91** 

76.0 

1/n.s. 

31.4 + 4.5 

9/* 

21/** 

2.1 ::t 0.4 

23/** 
2.7 :+: 1.5 

6/n.s. 

5.4 :': 1.9 

4/tl.S. 

8.6 :': 1.3 
29/n.s. 

0.6 :': 0.2 

231** 

0.6 :': 0.9 

15/** 

3.6 .:': 0.5 

24/n.s. 

9.4 :±- 2.3 

I X/n.s. 

7.3 :: 2.0 

7/n.s. 
3.4 + 3.4 

21** 

3.1 :': 0.7 

4/n.s. 

8.2 4: 1.6 

9/n.s. 

4.8 ::': 0.6 

9/** 

5.9 :': 1.2 

91** 

13.3 

1/n.s. 

1.8 + 0.5 

9/** 

rhizome 

ru :+: 0.2 

36/n.s. 

0.0 :': 0.0 

21/n.s. 

0.0 :': 0.0 

23/n.s. 

0.0 :': 0.0 

6/n.s. 

0.0 + 0.0 

4/n.s. 

3.5 + 1.6 

29/n.s. 

02 :': 0.1 

23/n.s. 

IU :+: 0.3 

15/n.s. 

1.0"' 0.3 
24/n.s. 

1.3 :': 0.8 

I 8/n.s. 

0.0 + 0.0 

7/n.s. 
0.0 _, 0.0 

2/n.s. 
11.0 :': 0.0 

4/n.s. 

2.5 :+: I .0 

9/n.s. 

3.3 :': 2.6 

9/tl.s. 

0.8 :1: 0.6 

9/n.s. 

0.0 

1/n.s. 

0.0 :': 0.0 

9/n.s. 

Comparison of seasonal column means across ranges; 11 = sample size,* = p < 0.05: ** = p < 0.01; n.s. = not significant. 

reindeer herder. Ground crews traveled to reindeer group locations 

and collected fresh fecal pellets. Each sample was a composite of 5-
I 0 fecal pellets from 8····1 0 distinct pellet groups. Composite samples 

were used to estimate overall diet of the herd rather than individual 

reindeer. The samples were sent to the Wildlife Habitat Laboratory, 

Washington State University, for diet composition analysis at Level 

i\, I 00 views (Table I). Results were partitioned into spring 

(March-May), June, July, and winter (December-February) time 

periods. There is variation in digestibility of the diiTerent plant 

growth forms eaten by reindeer which will inf1uence the proportion 

of undigested plant cell fragments found in the feces. The diet 

composition data was corrected for digestibility of the diftt·rent 

plant growth forms found on the Seward Peninsula using 

digestibilities taken from Finstad (2008). Sub-sampks of the fecal 

collections were analyzed for natural abundance of 15N. 

We wished to explore the premise that the isotopic value of an 

animal's feces ref1ects the relative contributions of different food 

items to its diet. This premise relies on the assumption that a linear 

relationship exists where the composition of the feces equals the 

weighted proportion of a food item's contribution to the diet 

(adjusted for digestibility) times its isotopic value (Coates et a!.. 

1991 ). Since N concentrations and 8 1
' N signatures are similar 

among species of forage on the Seward Peninsula. an estimate of 
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the oi.1N signature of the feces based on the 61
" N input of growth 

forms in the diet can be estimated by the equation: 

615 N feces= 

I:-·-~ [ o;,, growth form in diet X [N j II ] (2) 
=-=-----,---,---,--,.,----'-~ x 8 - N of growth form . 
I::'/(, growth form in diet x [N] 

where growth forms were shrubs, graminoids, forbs, lichen, and 

mosses. 

Mosses were not collected ti·om the Seward Peninsula ranges, 

but appeared in the microhistological fecal analysis, hence N 

concentrations and o15 N values were taken from Kielland (1997, 
200la). 

Although velvet antlers were harvested by the reindeer 

herders in these herds during summer handlings, the animals were 

dispersed over large and rugged ranges and a number of reindeer 

escaped gathering and herding. These animals retain a full set of 

antlers through the winter months until casting in the spring. Cast 

antlers from adult females were collected from calving grounds 

during May from the Davis (Nome), and Gray (White Mountain) 

ranges on the Seward Peninsula, Alaska. 

Hard antlers were cut off immediately above the corona with 

a hack saw from slaughtered adult females at the Noyakuk, 
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())anna. and Weyiouanna midwinter reindeer handlings. Antlers 

were removed in the same manner from I 0 WAll caribou (2 adult 

females. 6 yearling males, and 2 two-year-old caribou males) killed 
by hunters in the Fish River Flats near White Mountain, Alaska. 

Ages of harvested animals were estimated by experienced local 

hunters from body size and antler conformation. Cast antlers were 

collected from known age reindeer and caribou located at LARS. 

Composition of cut and cast antlers is assumed to be stable and 

comparable since mineral deposition is halted after the velvet is 

shed earlier in the year. All antlers were scrubbed with a stilT nylon 
brush and rinsed with distilled water to remove any residual blood, 

velvet. or other organic material and allowed to dry. 

Five grams of core trabecular bone (AC) was collected by 

drilling an 8 mm X 60 mm hole centered in the base parallel to the 
axis of the antler with a handheld electric drill using a stainless 
steel masonry bit. The filings were collected in a plastic I 00 mm X 

100 mm plastic weigh boat. A. 5-gram sample of peripheral 
compact bone (;\P) was also collected near the base of the antler. 

A stainless steel burring bit mounted on a hand held drill was used 
to grind off l mm of surface bone from 20-60 mm above the base 
of the antler. The filings were collected in a plastic I 00 mm X 

100 mm plastic weigh boat. All samples were ground in a WileyTM 

mill using a 20 mesh screen. 

Subsamples of serum and red blood cells were partitioned 
from blood samples collected from lactating adult females during 
early summer (June) at Davis, Gray. and Olanna handlings. Blood 

was collected from parturient adult females in all herds during 
mid-winter along with feces, and muscle tissue from slaughtered 

adult pregnant Noyakuk females. as well as from hunter-killed 

W A.H caribou. Serum. red blood cells, muscle tissue, and urine 

were dried at 60 "C for 48 to 72 homs in stainless steel vessels. 

In this study, June 1996 and 1997 calf weights were used as an 

indicator of reproductive capacity and productivity as used in 

other Rangif'er studies (Reimers et a!., 1983; Reimers. 1997 ). 

Heavier calves going into winter have a greater survival rate 

(Haukioja and Salovaara. 1978; Cook et al., 2004) which improves 
recruitment and population dynamics (Gaillard et al., 1998). All 

reindeer in each herd were located from the air and herded in to a 
corral system by helicopter during the latter part of June for 

censusing. ear tagging, veterinary care, and husbandry. All calves 
herded into the corral during the .I une handling were weighed on a 
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FIGURE 2. Mean (±SE) N 
concentration (%) and () 15N val­
ues (%o) of dietary components 
eaten by free-ranging reindeer on 
the Seward Peninsula and by 
reindeer and caribou at the Uni­
versity of Alaska Large Animal 
Research Station (LARS) (com­
mercial pellets and pasture). (n = 
willow (93), lichen (II), graminoid 
(ISO). forb (62), mushroom {3), 
QTX (Quality Texture, a com­
mercial pcllcted ration) (5), and 
pasture (5)). 

Tru-testTM livestock scale to the nearest O.S kg. If the corralling 

and weighing did not occm on the same day across herds. then the 
calf weights were adjusted by the daily rate of gain of calves to 
standardize the date of weighing to 25 June (Finstad. 2008). 

To meet the assumption of normality, all proportional data 

was transformed using the arcsine of the square root prior to 
statistical analysis. Transformed and untransformed data were 

checked for assumptions of normality and homogeneity of error 
variance. Analysis of Variance (A. NOV;\) was used to compare 

differences in A.C, A.P, feces, muscle tissue, sewm. and RBC o15N 
values (effects) due to range (t'actors). A general linear model 

(GLM) procedure using Systat 8.0 ( 1998) was used to evaluate the 
effects of differences in the proportions of plant growth forms in 
the diet on fecal. antler, soft tissue o15 N concentrations. and June 
calf weight across herds. (Systat 8.0). For all statistical tests. p :5 

0.05 was deemed significant. 

Results 

Diet composition results were reporkd according to plant 
growth form. Nitrogen concentrations and o15N values varied 
little among species within a plant growth form (mean :±: 1.0%). so 
these results were pooled according to plant growth form for 
comparative analysis with diet composition results. Nitrogen 
concentrations and li 15 N valu,~s of dif!'erent growth forms eaten by 
free-ranging reindeer of the Seward Peninsula varied significantly 

(/\.NOVA.; F14,329l 34.7, p < 0.001); (F14.129J 95.6, p < 0.001); 
(Fig. 2). Nitrogen concentration was hi;~hest in mushrooms 
(3.11% :±: 0.1) and foliage of willows (3.2% :±: 0.1), followed by 

!orbs (2.8% ± 0.1 ), then graminoids (2.2% :±: 0. I). with lichens 

containing very low concentrations (0.3% :±: 0.0). We found 
depleted 815N signatures in the foliar tissLte of willows (- 2.1 %o :±: 
0.2) and lichens (·-·2.3%o ::+:: 0.5), whereas forbs (2.7%o ::+:: 0.3), 

graminoids (l.7%o :±: 0.1), and mushrooms (4.0%o ::+:: 0.6) were 

relatively enriched in 15 N. Nitrogen concentrations and 815 N 

values of the QTX fed to reindeer and caribou at LARS were 3.0'/c, 

:':: 0.1 and 2.8%o :±: 0.1 (Fig. 2), respectively. TheN concentrations 
and 0 15 N values of the LARS pasture grass was 2.8');, :±: 0.1 and 
l.fl%o ± 0.0. respectively (Fig. 2). 

Prediction of the isotopic signature of' feces by the input of 
6 15 N of each forage class in the seasonal diet (estimated by 
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TABLE 2 

Nitrogen concentrations (mean ± SE) of feces and tissue from five reindeer ranges and WAll caribou on the Seward Peninsula, Alaska, and 
captive rl'indeer and caribou at the University of Alaska Large Animal Research Station (LARS). AC =antler core, AP =antler periosteum, 

RBC =red blood cells. 

Range AC AI' 

Davis 7.1 :': 0.1:1 8.1 :': 0.:2 

nip 15/** 12/** 

Gray 7.2 + 0.19 8.7 :':. lU 
nip 13/** 51** 

Noyakuk 6.8 :': 0.2 7.9 ::•: 0.3 

nip 21/** 211** 

Olanna 7.0 + 0.3 6.8 + 0.2 

nip II/** 8/** 

\Vi.:"yiouanna 7.0 :': 0.3 7.6 :': 0.2 

nip 7/** 7/** 

WAll 8.0 :': 0.4 9.1 :': 0.5 

nip 9/** 8/** 

LARS 5.9 :'.: 0.2 6.9 -~ 0.3 

nip 21/** I M** 

winter 

muscle 

13.2 + 0.3 

4/n.s. 

13.1 :': 0.1 

7/n.s. 

percentage(%) Nitroge11 

serum 

13.0 :': 0.1 

81** 

13.4 :': 0.1 

II/** 

13.0 + 0.1 

II/** 

13.7 :': 0.1 

21/** 

12.X :': 0.4 

8/** 

12.4 :': 0.2 

6/** 

RBC 

15.3 :': 0.1 

14/* 

15.7 :': 0.0 

3/* 

15.4 :': 0.1 

9/* 

15.4 :': 0.0 

6/* 

fecal 

2.0 :•. 0.0 

5/Iu. 

1.9 :': 0.1 

9/n.s. 

serum 

IU :':0.1 

61** 

13.3 + 0.1 

13/** 

13.1 :': 0.1 

221** 

summer 

fecal 

3.2 :': 0.1 

14/** 

3.1 :': 0.0 

7/** 

2. 7 :': 0.1 

61** 

Comparison of column means: nip, n .,...., sample size, * = p <: 0.05: ** =-- p < fUll: n.s, :::-- not signifi~..·ant. 

Equation 2) was significant (p = 0.004). although R-' was relatively 
low 0.24. The prediction equation was: 

815 N feces=42.7(8 15 N willows) -54.3(o 15 N graminoids) -· 

34.l(o 15 N forbs)+32.7(8 15 N lichens)+ (3) 

91.2(8 15 1\ mosses)+ 92.4. 

The concentration of N (Table 2) and o15N signatures 

(Table 3) of reindeer and caribou tissues varied significantly 

across ranges. Values for 815N varied from -3.1%n ± 0.8 in urine 
to above 3.0%n ± 0.1 in the J\P layer and muscle tissue (Fig. 3). 

Nitrogen concentration of antlers from penned animals at 
LARS was significantly lower in both AC (5.9 ± 0.2%) and J\P 

(6.9 ± 0.3%) layers than antlers from Seward Peninsula reindeer 

and WAH caribou (Table 2). AC 815N values were significantly 
and inversely related to AC N concentrations (n = 62: p < ().01; 

R2 = 0.20). The differential in ii 15N values of AC to AP layers 

varied among Seward Peninsula reindeer herds and W J\ H caribou, 
whereas there was no di!Terence in isotopic signature between 
antler layers of captive animals from LARS (Fig. 4; Table 3). AC 

o15N values were significantly and inversely related to proportions 

of shrubs in May diets across wnges (n = 62; p = 0.005; R2 
= 

0.13), (Fig. 5). 

Serum o 15N values varied significantly across ranges both in 

summer and winter (Table 3), and all serum was more enriched in 

winter than in summer, but there was considerable variation 

among herds (Fig. 6). 

Whereas 25 June calf weight varied significantly interannually 

among herds (F(4.27fi.l) 384.0; p > 0.0001), there was relatively little 

TABLE 3 

o15N values (mean ± SE) of feces and tissue from five reindeer ranges and Western Arctic Herd (WAH) caribou on the Seward Peninsula, 
Alaska, and captive reindeer and caribou at the University of Alaska Large Animal Research Station (LARS). AC =antler core, AP =antler 

periosteum, RBC = red blood cells. 

Range AC AP 

Davis 0.6 0:. 0." O.J c': 0.1 
nip 14/** II/** 
Gray 0.5 + 0.1 0.7 + 0.2 

n/jl 13/** 51** 
Noyakuh: 1.01 ::t: 0.2 2.5 ::t: 0.2 
nip 211** 2 Jl** 

()Janna 1.9 :': 0.2 3.~ :': 0.2 
nip II/** R/** 

\Veyiouanna 2.4 :.•.· 0 2 3.0 + 0.3 
nip 7/** 7/** 

WAil 1.0 •.· 0.2 1.6 + 0.2 

nip 9/** HI** 
LARS 5. 7 :': 0.1 5.8 :': 0.1 
nljl 21/** 16/** 

winter 

muscle 

3.1 :': 0.1 

4/** 

2.0 !: 0.2 

91""* 

serum 

1.2 ,.. 0.2 

8/** 

1.4 :':. 0.1 

II/** 

2.1 :': 0.1 

II/** 

2.4±0.1 

211** 

2.1 . 0.2 

7/** 

1.9 :+. 0.2 

6/*"" 

RBC 

1.9 :': 0.1 

14/** 

2.2 :': 0.1 

31** 

2.3 :': 0.1 

9/** 

1.5 c 0.1 
(i/*""' 

Cnmparison of column means: n/p, 11 ~ sample size,* p < 0.05. ** - p < 0.01. n.s. -- not significant. 
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fecal 

-1.0 :': 0.1 

4/n.s. 

--0.8 :':: 0.2 

'!/n.s. 

serum 

0.5 + 0.1 

6/** 

1.0 + 0.2 

13/** 

1.4 :': 0.1 

22/** 

summer 

fecal 

1.7 + 0.2 

14/** 
().(j + 0.1 

71** 

-0.02 :': IU 

6/** 
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interannual variation of 25 June calf weight within a herd 
(Table 4). Summer serum (11 = 41: p < (J.(ll; R2 

= 0.40). and 
AC 615N (11 = 62; p < 0.0 I, R 2 

= 0.3) values were significantly and 
positively related to June calf weight of the following year. but 
serum 615 N explained more of the variation. Winter serum 615N 
(11 •= 58;p = 0.02; R2 = 0.1) and AI' o15 N (11 = 62;p < (}.()1; R2 = 

IUJ) values also were significantly and positively related to herd 
mean calf weight of the following year. The percentage of shrubs 
in the May diet was significantly and inversely related to mean calf 
weight the previous June (n =• 2771; p < 0.001; R2 

-" 0.3). 

Discussion 
Nitrogen from diverse plant growth forms with distinct 

isotopi<: signature was deposited in tissues in a manner that ret1ects 
temporal-spatial patterns of grazing that in turn arc associated 
with variation in animal productivity amongst Seward Peninsula 
reindeer herds. 

AP muscle 

FIGURE 3. Mean (±SE) 1) 15N 
values of reindeer and carihou 
tissue on the Seward Peninsula 
during winter. AC = antler core; 
RBC = red blood cells; AP = 
antler periphery. (11 = urine (3), 
feces (41), AC (97), RBC (32). 
serum (65), AP (77), muscle (II)). 

It has been suggested that arctic plants in the same habitat 
absorb N Ji·om different pools with significant dif1'erences in 815N 
signatures (Nadelho!Ter et al., 1996: Michelsen et al.. 1996; 
Kiclland, 1997). Evergreen and deciduous shrubs are typically 
much more depleted in 15N than graminoids and forbs (Schulze 
et al.. 1994; Nadelhoffer d al., 1996; Valentine et al.. 2006; Yano 
et al., 2010). The differences in iS 15 N values of plant growth forms 
found on the Seward Peninsula may be attributed to di!Terent 
rooting depths tapping N pools associated with soil horizon 
(Gebauer and Schulze, 1991 ), mycorrhizal association (Michelson 
et al.. 1996: Hobbie and Hobbie, 2006), or form of N absorbed 
(Kielland and Chapin. 1992; Kielland, 1997; Yano et al.. 2010). 

Although diet determines the overall isotopic signature of 
tissues of animals, considerable variation among diiTerent tissues 
exists. IJone, because of its metabolic longevity, usually is the most 
enriched tissue of the body (Schoeninger and DeNiro, 1984). 
However: N metabolism in antler bone is different than skektal 
bone. N deposited as collagen in antler cartilage is not replaced 
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FIGURE 4. Mean (±SE) o15N 
values of samples taken from the 
core and periphery of antlers 
collected from reindeer herds 
across the Seward Peninsula and 
LARS. (11 for each group can be 
found in Table 3). 
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later during bone synthesis, but instead is embedded in the inert 
matrix of the antler (Ronning eta!., 1990). A shortened metabolic 
pathway of deposited antler nitrogen relative to skeletal nitrogen 
may explain why antler i5 1'N values were more depleted than soft 
tissues (Fig. 3). 

Turnover experiments have demonstrated that diet-switching 
inf1uences o15N values of body tissue (Peterson and Fry, 1987). 
For example, seasonal variations in proportions of forage 
consumed (woody shrubs in winter vs. forbs and aquatic 
vegetation in summer) are ref1ected in fluctuating 815 N hoof 
values in moose (Kielland, 200Ib). Analysis of o15N in rumen and 
hooves in Alaskan caribou show correlated enrichments during 
early spring and autumn when forbs and graminoids predominate 
in the diet compared to depleted summer values when caribou are 
grazing on a higher proportion of deciduous shrubs (Barnett, 
1994). In this study, o15N enrichment of reindeer antlers and soft 
tissue deposited throughout the growing season corresponded to 
the shift in diet from predominately deciduous shrubs to 
graminoids (Fig. 4; Table I). Both caribou and reindeer diets 
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FIGURE 5. Relationship be­
tween percentage of shrubs in the 
May diet and the li15N signature 
of bone taken from the antler core 
(AC) across reindeer herds of 
the Seward Peninsula, Alaska. 
Means (±SE). 

shifted from shrub-based in spring to graminoid-based later in 
summer (Table l ). Antler peripheral bone was enriched in LIN 

compared to AC in all free-ranging reindeer and caribou, whereas 
captive LARS reindeer exhibited negligible variation, consistent 
with a uniform diet throughout the year. These data suggest that 
layers of collagen deposited during the antler growing season 
provide an index of the proportions of different plant growth 
forms in the diet at the time the collagen was being deposited. 
Although AP was biologically inert months before blood was 
collected in winter. the o1"N values of AP and winter serum should 
be correlated. Deposition of N in lean tissue and organs is greatly 
reduced in animals having reached body condition thresholds 
during fall (Chan-McLeod et aL 1994); hence 815N of lean tissues 
should remain relatively stable throughout fall and winter as a 
result of this metabolic inactivity. The correlation between the 
isotopic signature of soft tissue and antler collagen suggest that 
AC and AP 815N signatures can be used to estimate source of N 
(plant growth form) in spring and summer diets of reindeer that 
are assimilated into lean tissue. 

• 
0 

Summer 
Winter 

Davis Gray Noyakuk Olanna Weyiouanna WAH 

FIGURE 6. Mean (±SE) se­
rum li 15N values during summer 
and winter from Seward Peninsu­
la reindeer and the Western Arctic 
Herd (WAH) caribou, (n for each 
group can be found in Table 3). Range 
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TABU: 4 

Mean (±SE) 25 .June calf weight (kg) and sample size for reindeer herds across the Seward Peninsula, Alaska. 

Davis Gray Noyakuk 0\anna \Veyiouanna 

1996 1997 1996 \997 1996 

27.~ :': 0.1 27.6 :': 0.2 34.0 :': () 2 .14.0 :': 0.4 .12.4 :': 0.3 

451 361 371 \56 .193 

We have also shown that fccalc) 15 N was significantly related 

to the proportional intake of forage growth forms consumed 

throughout the spring <lnd summer. However. it could only predict 

about 20% of the variation in dietary 6 15 N. Proteins in forage have 

various solubilities and digestibilities that willlikdy "'steer" N into 

diiTer.ent metabolic pathways (Van Soest. 1994). Isotopic compo­

sition of ruminant tissue is generally enriched by 3 to 6%o relative 

to the diet (Steele and Daniel. 1978; Halley et a!., 2010). This 

enrichment occurs during the many metabolic processes that 

fractionate stable isotopes after consumption by animals. Trans­
amination of amino acids favors the lighter isotope resulting in 

lighter end products and enrichment for the substrate amino acids 

(Macko et al., 1986). Thus. depending upon the pathways and 

transamination reactions involved, individual amino acids can 

diiTer greatly from the source material from which they were 

derived (Macko et al., 1987). This is especially true in ruminants 

where protein undergoes a variety of deamination and transam­

ination reactions before being digested and absorbed in the small 

intestine. Bacterial protein in the rumen undergoes a much 

different metabolic route than protein contained in rumina] 

protozoa. further muddling enrichment pathways (Van Soest, 

1994). 

Concomitant with reduced food intake during winter (Tyler 

ct a!.. 1999), reindeer conserve body protein by recycling urea. 

They will also break down lean tissue to meet metabolic energy 

demands when dieta rv intake of N is lower than maintenance 

requirements (Parker ;t al., 2005 ). This process could increase 1 'N 

fracuonation as the animal continues to remain in a negative N 

balance. Reindeer in a negative N balance would thus be expected 

to have more enriched il 1'N tissue values than animals in neutral 

or positive N balance (Hobson et a!.. 1993). Pregnant females, in 

particular, are most vulnerable to N deficits in late winter because 

of demands for fetal growth. Female Rangifcr in poor winter body 
condition typically have smaller calves (Reimers. 1997). Moreover. 

an increase in mass loss of the female during winter often results in 
reduced milk production and calf growth (Rognmo et al., 198~). 

Consequently, female reindeer exhibiting relatively enriched o15N 

tissue values should be expected to have lighter calves. Our results 

on calf weights and serum il 15N in parturient female reindeer do 

not support this attractive. parsimonious hypothesis. Across 5 

reindeer herds we failed to detect a significant inverse relationship 

between winter serum o15 N of parturient females and calf weight 

the following June. but instead found a positive, although weak 

relationship: calf weight (kg) = 30.1 + winter serum o 15 
N( 1.03 ): 

(n '' 58, p ~' 0.02. R 2 
= 0.1 ). Indeed. the herd with the lowest calf 

weight (Davis) had the most depleted li 15N tissue values (Table 4, 

Table 3). 

Reindeer catabolizing a larger proportion of their body 

protein during winter will be expected to have both greater 

seasonal tissue () 15N differentials and less body protein to 

contribute to fetal development and lactation. We found that a 
fourfold increase in serum 8 15 N differential (I8 15 N winter -- li 15 N 

summer!: Fig. 6) corresponded to a nearly 20% reduction in mean 
.I unc calf weight (rable 3 ), (n = 64, p < 0.00 l. R2 

= 0.66). These 

daw suggest that the relative difference between summer and 

1997 \996 \997 1996 1997 

.11.9 :': 0.5 J 1.4 ::!:: 0.3 32.7 :': 0.6 31.4 :': 0.3 ~2J1 :!:: 0.] 

62 \80 \50 411 236 

wimer serum i5 15N signatures is positively correlated with the 

degree of protein catabolization in female reindeer during winter 

and negatively correlated to mean calf weights the following June. 

The proportion of shrubs in the diet during May (when 

antlers first start to grow) was highly and positively correlated 

with AC 815N values. Even though gain during spring in female 
reindeer is inversely correlated with initial weight (Fauchald et al.. 

2004 ). lighter females may not reach a similar body mass in 

autLimn as animals starting in good spring body condition 

(Gjostein et al.. 2004). Hence, one would expect females with 
lower protein reserves in spring to increase the proportion of 

protein in their diets to support lactation and to regain lean mass. 
Leaves of most shrubs, graminoids, and forbs on the Seward 

Peninsula do not emerge until June (Finstad, 2008), but many 

shrubs are translocating N to stems and leaf buds before 

emergence which results in higher protein concentrations (Chapin 

et al.. 1980). Leaves and catkins of forage shrubs on the Seward 

Peninsula contain high concentrations of protein, but relatively 

little digestible energy (Finstad, 2008). Catkins, stems, and leaf 

buds of shrubs began appearing in diets of Seward Peninsula 

reindeer during May. whereas proportions were found to be 

inversely correlated with June calf weight the previous year 

(Tables 2 and 4). 

Protein depots of female reindeer appear to be critical for 

reproduction. Female reindeer appear to invest proportionally 
more body than dietary protein in fetal growth (capital breeders) 

compared to caribou (income breeders) (Barboza and Parker, 

2008 ). Also. protein requirements increase ll 0 130% to support 

lactation (Barboza and Parker, 2008). Reindeer in a more negative 

protein balance may be compensating by selecting for a more 

pn)tein-rich diet earlier in the spring as suggested by our results. 

However, this strategy would likely come at an energetic cost to 

foraging reindeer. Deep drifts caused by blowing snow bury 
deciduous shrubs. particularly riparian habitats on the Seward 
Peninsula. which persist well into late spring. Reindeer would 

likely expend considerable energy struggling through deep, soft. 
wet snow to access habitats with protein-rich. but energy delicient 
forages during May (Fancy and White. 1985). Reindeer generally 

avoid areas where snow impedes access to food (Skogland. 1978). 

but reindeer herders could increase accessibility and reduce the 
energetic cost of foraging by establishing trails into shrub habitats 

during late spring with the use of snowmobiles. 

Tissues from herds that are isotopically depleted in May 

remain depleted even though the diet becomes much more 

enriched later in summer and fall (Fig. 5; Table I). Forages 

contain a variety of anti-herbivory compounds that influence the 

digestibility and the cycling of N through the digestive system of 

ruminants (Robbins et al.. 1987). Binding of condensed tannins 

(CT) with proteins can reduce the degradation of forage proteins 

in the rumen. Undegraded proteins enter the abomasum where 

they are hydrolyzed and absorbed by the small intestine (Min 
et a!., 2003). These "escaped .. amino acids most likely will have 

a 8 10N signature more similar to the diet than amino acids 

originating from microbial protein. Newly emerging leaves of 
shrubs contain CT, which explains the lower digestibility of newly 
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emerged shrub leaves on the Seward Peninsula (Finstad, 2008). A 
moderate concentration of CT in the diet of ruminants has been 
shown to improve animal production. presumably because CT 
reduces rumen protein degradation (Min et al.. 2003). Reindeer 
fed isonitrogcnous diets showed significantly higher feed conver­
sion elliciency on a low rumen-degradable protein ration (Finstad 
et al., 2007). These studies and our data suggest that female 
reindeer on inferior ranges may be compensating by consuming 
protein-rich forages with low levels of CT earlier in the spring to 
promote a more complete amino acid profile of digesta reaching 
the small intestine. This in turn may support higher N assimilation 
rates in lean tissue. This may also explain why AC N 
concentrations were significantly and inversely related to AC 
815 N . The interaction of a less fractionated protein in the diet and 
high N assimilation rates of lean tissue, shrubs in spring diets may 
leave a iS 15 N legacy in the tissues of reindeer and caribou. 

The climate of northern environments is expected to change 
dramatically which will likely influence composition of plant 
communities, thus the nutritional landscape of the Seward 
Peninsula. Our study suggests reindeer herders can use cast antlers 
(or soft tissues) as a bio-indicator of the seasonal diet of reindeer. 
Long-term changes in 815N values of antler layers may represent 
dietary shifts caused by newly emerging vegetation communities. 
llistorical calving and seasonal use areas may no longer provide 
the protein-rich forages to support the high productivity of 
reindeer herds on the Seward Peninsula. Herders now may be able 
to detect and react to climate-induced vegetation changes by 
evaluating new grazing areas by following the flux of protein (N) 
through their reindeer herds. 

Although our study proposes that 815 N values of cast antlers 
are the product of unique nutritional landscapes across the Seward 
Peninsula. it remains to be seen if this technique can be used in 
other Rangifi!r populations. Discrete herds of reindeer on the 
Seward Peninsula forage in relatively small. unique habitats. 
which contain abundant protein-rich forages with distinct I\ 15N 
signatures, and they abruptly shift diets during the year (Oleson. 
2005; Finstad, 2008). Other Rangi/cr populations may consume 
forage with less distinct 815N signatures over much larger areas 
with a greater diversity of habitats. This may decrease the 
resolution in which we can match sources of N in the environment 
to soft and hard tissues in Rangifl>r. 

In conclusion, we argue that values of 815N in cast antlers 
may be used to track f1uxes of N through a grazing ecosystem that 
can be manipulated by humans. We showed that o15N signatures 
of plant growth forms consumed by reindeer across the Seward 
Peninsula varied significantly with shrubs and lichens being much 
more depleted in 15 N than graminoids and forbs. Reindeer began 
consuming shrubs during and after snowmelt and shifted to an 
isotopically more enriched diet of graminoids later in summer. The 
abundance of 15 N in layers of antler bone as were soft tissue were 
significantly correlated with that of the seasonal diet; supporting 
our hypothesis that antler may be used as a bio-inclicator of 
seasonal diet. 

June calf weights were inversely related to the isotopic 
differential in seasonal serum values across Seward Peninsula 
reindeer herds, suggesting increased catabolism of body protein 
during winter by parturient females negatively influenced growth 
of their calves. 

AC 615N values among herds were positively correlated to the 
proportion of shrubs in the May diet. and AP 815 N values were 
enriched in all herds likely due to an increased proportion of 
graminoids and forbs later in the summer diet. Reindeer in herds 
with lighter June calves consumed proportionately more shrubs 
the following May, presumably to compensate for lower protein 
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reserves. In herds with greater serum isotope differentials and 
lower calf weights, herders may be able to increase protein balance 
of reproductive females by improving access to areas with protein­
rich shrubs during spring. 

Acknowledgments 
We gratefully acknowledge the staff of the Reindeer Research 

Program for their technical and logistical support and the Robert 
G. White Large Animal Research Station for furnishing the caribou 
antlers used in the study. We also thank the Kawerak Reindeer 
Herders Association, particularly Tom Gray, Jimmy Noyakuk, 
Larry Davis, Leonard Olanna, and Clifford Weyiouanna for 
providing insight and encouragement throughout the study, as well 
as valuable logistical support in the field. This project was f\mded 
by the School of Natural Resources and Agricultural Sciences, 
University of Alaska Fairbanks, and hy the National Science 
Foundation (OPP 9979473). 

References Cited 
Bailey, D. W .. Gross, J. E .. Laca, E. A., Rittenhouse, L. R .. 

Coughenour, M. B., Swift. D. M .. and Sims. P. L.. 1996: 
Mechanisms that result in large herbivore grazing distribution 
patterns. Journal of Range Managt'lncnt, 49: 386-400. 

Barboza. P. S., and Parker, K. L.. 2006: Body protein stores and 
isotopic indicators of N balance in female reindeer (Rangifer 
tarandus) during winter. Physiological and Biochemical Zoology, 
79: 628-644. 

Barboza, P. S., and Parker. K. L., 2008: Allocating protein to 
reproduction in arctic reindeer and caribou. Physiological and 
Biochemical Zoology. 81: 835--855. 

Barnett, B., 1994: Carbon and nitrogen isotopes in caribou tissue, 
vascular plants, and lichens fi'om northern Alaska. M.S. thesis, 
University of Alaska, Fairbanks, Alaska, U.S.A. 

Chan-McLeod, A. A., White, R. G., and Holleman, D. F .. 1994: 
Effects of protein and energy intake, body condition, and season 
on nutrient partitioning and milk production in caribou and 
reindeer. Canadian Journal c1l Zoology, 72: 938~947. 

Chapin. F. S .. Johnson. D. A., and McKendrick. J. D., 1980: 
Seasonal movement of nutrients in plants of differing growth 
form in and Alaskan tundra ecosystem: implications for 
herbivory. Journal ol Ecology, 68: 189-209. 

Coates, D. B., VanDer Weide. A., and Kerr, J.D .. 1991: Changes 
in faecal o 11C in response to changing proportions of legume 
(C3) and grass (C4) in the diet of sheep and cattle. The Journal ol 
Agricultural Sciencl'. 116: 287~295. 

Cook. J. G., Johnson, B. K., Cook. R. C., Riggs, R. A .. 
Delcurto. T., Bryant, L. D., and Irwin, L L., 2004: Effects of 
summer-autumn nutrition and parturition date on reproduction 
and survival of elk. Wildlife lvfonographs. 155: I 61. 

Deniro, M. J .. and Epstein. S .. 1981: lnf1uence of diet on the 
distribution of nitrogen isotopes in animals. Geochimica et 
Cosmoc/zimica A eta, 45: 341 351. 

Fancy, S. G., and White, R. G .. 1985: Energy expenditures by 
caribou while cratering in snow. Journal of Wildli/e ivfanage­
lllent, 49: 987 993. [cite this reference] 

Fauchald. P .. Tveraa, T., Henaug. C., and Yoccoz, N., 2004: 
Adaptive regulation of body reserves in reindeer, Rangiler 
tarandus: a feeding experiment. Oikos. 107: 583~591. 

Finstad. G. L., 2008: Applied foraging ecology of reindeer (Rangi/er 
tarandus tarandus) on the Seward Peninsula, AK. Ph.D. thesis, 
University of Alaska Fairbanks, Fairbanks, Alaska, U.S.A. 

Finstad. G. L., and Kielland. K., 2005: Climate change. 
environmental variation and reindeer productivity on the 
Seward Peninsula, Alaska. Abstract. Proceedings: American 
Association for the Advancement of Science. Kodiak. Alaska: 
Fishery Industrial Technology Center. 



Finstad, G. L., and Prichard, A. K., 2000: Growth and body 
weight of free-range reindeer in western Alaska. Rangifer, 20: 
221 227. 

Finstad, G. L Bader, H., and Prichard, A. K., 2002: Cont1icts 
between reindeer herding and an expanding Cclribou herd in 
Alaska. Raugi(er. Special Issue 13: 33 37. 

Finstad, G. L., Steele, C., and Gray, T., 2006: Range management 
in Alaska: reindeer herders on the fast track. Proceedings: 3rd 
National Conference on Grazing Lands, 11~13 December. St. 
Louis. Missouri, U.S.A. 

Finstad. G. L .. Wiklund. E .. Long, K., Rincker, P. J .. Oliveira. 
i\. C. M., and Bechtel. P. J., 2007: Feeding soy or fish meal to 
Alaskan reindeer (Rangifi!r larandus /arandus): et1ects on animal 
performance and meat quality. Rungi/i:r. 27: 59 75. 

Gaillard, .1.-M .. Festa-Biachet, M .. and Yoccoz, N. G., 199(;: 
Population dynamics of large herbivores: variable recruitment 
with constant adult survival. Tr<'nds in Ecology and Evolllfion. 
13:5~63. 

Gannes. L. Z .. O'Brien. D. M., and Martinez del Rio. C., 1997: 
Stable isotopes in animal ecology: assumptions, caveats and a 
call for more laboratory experiments. Ecology, 78: 1271 1276. 

Gebauer, G., and Schulze, E. D., 1991: Carbon and nitrogen 
isotope ratios in different compartments of a healthy and a 
declining Picl'a ahies forest in the Fichtelgebire. NE Bavaria. 
Oa·ologia, 87: 198--207. 

Gj0stein, H.. Holand. 0., and Weladji. R. B., 2004: Milk 
production and composition in reindeer (Rangijer tarandus): 
effect of lactational stage. Comparlltil'e Biochemical l'hvsiolugv, 
137: 649~656. 

Halley, D. J., Minagawa, M., Nieminen, M .. and Gaare, E .. 2010: 
Diet: tissue stable isotope fractionation of carbon and nitrogen 
in blood plasma and whole blood of male reindeer Rangifer 
tarandus. Polar Biology, 33: 1303 1309. 

Haukioja, E., and Salovaara, R .. 1978: Summer weight of reindeer 
(Rangifi'r tarandus) calves and its importance for their future 
survival. Reports Kevo Subarctic Research Swtion, 14: 1-4. 

Hobbie, J. E., and Hobbie, E. A., 2006: 15N in symbiotic fungi 
and plants estimates nitrogen and carbon f1ux in arctic tundra. 
Ecology, 87: 816 822. 

Hobson, K. A .. Alisauskas, R. T., and Clark, R. G., 1993: Stable­
nitrogen isotope enrichment in avian tissues due to fasting and 
nutritional stress: implications for isotopic analysis of diet. 
Condor. 95: 388 -394. 

Kielland, K., 1997: Role of free amino acids in the nitrogen 
economy of arctic cryptogams. Ecoscicnc<'. 4: 75~79. 

Kielland. K., 200la: Stable isotope signatures of moose in relation 
to seasonal forage composition: a hypothesis. Alccs, 37: 
329-338. 

Kielland, K .. 2001 b: Short-circuiting the nitrogen cycle: strategies 
of nitrogen uptake in plants from marginal ecosystems. In 
Ae, N., Arihara. J., Okada, K., and Srinivasan, A. (eels.), Plant 
Nwrient Acql11:1·ition: NeH' Perspectives. Berlin: Springer-Verlag, 
376-39~. 

Kielland, K., and Chapin, F. S .. 1992: Nutrient absorption and 
accumulation in arctic plants. Jn Chapin. F. S .. Jefferies. R. L., 
Reynolds. J. F., Shaver. G. R .. and Svoboda, J. (eds.), Arctic 
Ecosystems in a Changing Climate: an Ecophysiological 
Perspective. San Diego: Academic Press, 321- 335. 

Kielland, K., Barnett, B., and Schell, D. M., 199~: lntraseasonal 
variation in the 8 15N signatures of taiga trees and shrubs. 
Canadiau Journal of For<'stry Rl's<'arch, 28: 4R5 48R. 

Klein. D. R., 1970: Tundra ranges north of the boreal forest. 
Journal ol Range Managnneut. 23: 8~14. 

Macko. S. i\ .. Fogel-Estep, M. L., Engel, M. H., and Hare, P. E .. 
19R6: Kinetic fractionation of nitrogen isotopes during amino 
acid transamination. Gcochimicu ct Cosmochimica Acta, 50: 
2143 2146. 

Macko, S. A., Fogel-Estep, M. L., Engel, M. II.. and !!are, 1'. E 
1987: Isotopic fractionation of nitrogen and carbon in the 

synthesis of amino acids by microorganisms. Clwmical Cieology. 
65: 79 92. 

Marell, i\ .. and Edenius, L. .. 2006: Spatial heterogeneity and 
hierarchical feeding habitats selection by reindeer. Arctic, 
Antarctic, and Alpine Research. 38: 413420. 

McEwan, E. H., and Whitehead, P. E .. 1970: Seasonal changes in 
energy and nitrogen intake in reindeer and caribou. Canadian 
Journal of" Zoology. 48: 905-913. 

Michelson, A .. Schmidt, I. K., Jonasson, S., Quarmby, C.. and 
Sleep, D .. 1996: Leaf 15N abundance of subarctic plants 
provides field e\idence that cricoid, ectomycorrhizal and non­
and arbuscular mycorrhizal species access different sources of 
snil nitrogen. Oecologiu, 105: 5l-63. 

Min, B. R., Barry, T. N .. Attwood, G. T., and McNabb, W. C., 
2003: The effect of condensed tannins on the nutrition and 
health of ruminants fed li·esh temperate forages: a review. 
Animal Feed Scil'nce Tcxlmulogy, 106: 3~19. 

M(irschel, F. M., and Klein, D. R., I 997: Effects of weather and 
parasitic insects on behavior and group dynamics of caribou 
of the Delta Herd. Alaska. Canadian Journal of Zoologv, 75: 
1659 1670. 

Naclelholfer, K.., Shaver, R .. Fry, B., Giblin, A .. Johnson, L, and 
Mckane, R., 1996: ii 15N natllfal abundances and N use by 
tundra plants. Oecologia, 107: 386~394. 

Natural Resources Conservation Service, United States Depart­
ment of Agriculture, 1998: Report on utilization checks and 
condition of Seward PeninsLtla reindeer ranges. Nome, ;\Iaska: 
Reindeer Herders Annual Meeting, unpublished report. 

Nellemann. C., and Thomsen, M. G., 1994: Terrain ruggedness 
and caribou [()rage availability during snowmelt on the Arctic 
Coastal Plain, Alaska. Arctic. 47: 361 367. 

Nierninen. M .. and Heiskari, U., 1989: Diets of freely grazing 
and captive reindeer during summer and winter. Rangifer, 9: 
17~34. 

Oleson, H.. 2005: Changing strategies in Seward Peninsula 
reindeer (Rangif(~r larandus wrandus) management. MS thesis, 
University of Alaska Fairbanks, U.S.A. 

Parker. K. L., Barboza. P. S .. and Stephenson, T. R., 2005: 
Protein conservation in female caribou (Rangifer wrandus): 
effects or decreasing diet quality during winter. Journal of 
Mammalugv, 86: 610~22. 

Parker, K. L.. Barboza. P. S., and Gillingham. M. P .. 2009: 
Nutrition integrates environmental responses of ungulates. 
Functional Ecology, 23: 57 69. 

Peterson, J.. and Fry, B .. 1987: Stable isotopes in ecosystem 
studies. Annual Rcvicn· ol Ecology and Sysl<'ms. 18: 293~320. 

Prichard, i\., Finstad. G. L., <md Shain, D., 1999: Lactation in 
yearling Alaskan reindeer: implications for growth. reprodm:­
tion, and survival. Rangij(~t, 14: 77 84. 

Pulliainen. E., 1971: Nutritive values of some lichens used as food 
by reindeer in northeastern Lapland. A eta Zoological Fcmlica, 8: 
2(;5 289. 

Rattenbury. K., Kielland, K., Finstad, G. L., and Schneider, W., 
2009: A reindeer herder's perspective on caribou. weather and 
socio-economic change on Lhc Seward Peninsula, Alaska. Polar 
Ri'scarch, 28: 71-88. 

Reimers, E .. 1997: Rangtj(T population ecology: a Scandinavian 
perspective. Rangifer, 17: 105 I Ul. 

Reimers. E., Klein, D. R., and Soerumgaard, R .. 1983: Calving 
time, growth rate. and body size of Norwegian reindeer on 
different ranges. Arctic and Alpine RnC'arch, 15: 107~118. 

Robbins, C. T., Hanley, T. A., Hagerman, A. E .. Hjeljord. 0 .. 
Baker. D. L, Schwartz, C. C.. and Mautz. W. W .. 1987: Role of 
t;mnins in defending plants against ruminants: reduction in 
protein availability. Ecology, 68: 98 107. 

Rognmu, A., Markussen, K. A., Jacobsen. E., and Blix. A. S., 
l 983: Effects of impruved nutrition in pregnant reindeer on milk 
quality, calf birth weight, growth, and mortality. Rangi(er, 3: 
Ill 18. 

G. L. FI;\;STi\D AND K. KIELI.A;\;D I 553 



IUinning, 0., Salo, L.A., Larmas, M., and Nieminen, M., 19':10: 
Ossilication of the antler of the Lapland reindeer (Rungifcr 
rurandus tarandus). Acw Anato111icu, 137: 359 362. 

Schell, D. M., Saupe, S.M., and Haubenstock, N., 1989: Natural 
isotope abundances in bowhead whale ( Bafaena lli)'Sticl.'tus) 
baleen: markers of aging and habitat use. Ecological S'tudies, 6X: 
260 269. 

Schoeninger, M. J., and DeNiro, M. J., 1984: Nitrogen and carbon 
isotopic composition of bone collagen from marine and terrestrial 
animals. Geocltimica et Cosnwcltimica Acta. 48: 625 639. 

Schulze, D., Gebauer, G., and Chapin, F. S., 1994: Nitrogen 
nutrition and isotope ditTerences among life forms at the 
northern treeline in Alaska. Oecologia, 104: 406-412. 

Senft, R. L., Coughenour, M. B., Bailey, D. W., Rittenhouse, 
L. R., Sala, 0. E., and Swift, D. M., 1987: Large herbivore 
foraging and ecological hierarchies. BioSciencl.', 37: 789~799. 

Skogland, T., 1978: Characteristics of the snow cover and its 
relationship to wild mountain reindeer feeding strategies. Arctic 
and Alpine Resl.'arch, 10: 569~580. 

Staaland, H .. and Saebii, S., J 993: Forage diversity and nutrient 
supply of reindeer. Rangijcr, 13: 169~ 177. 

Steele, K. W., and DanieL R. M., 1978: Fractionation of nitrogen 
isotopes by animals: a further complication to the use of 
variation in the natural abundance of o1'N fiJr tracer studies. 
Journal oj" Agricultural Sciutce, 90: 7 9. 

Stern, R. 0., Arobio, L., Naylor, L.. and Thomas, W. C.. 1980: 
Eskimos, Reindeer and Land. AFES, School of Agriculture and 
Land Resources Management University of Alaska, Bulletin 59, 
205 pp. [cite this reference]. 

Swanson . .J. D .. Schuman, M., and Scorup, P. C., 1985: Range 
survey of the Seward Peninsula reindeer ranges, Alaska. 

554 I ARCTIC, Al\"TARCTTC, AND Atrtc;r RESEARCH 

Anchorage, Alaska: Soil Conservation Service. U.S. Depart­
ment of Agriculture, Publication. 

Systat Version 8.0, 1998. SPSS. Inc., Chicago. 
Tyler, N., Fauchald. P., Johansen, 0., and Christiansen, H. R., 

1999: Seasonal inappetance and weight loss in female reindeer in 
winter. Ecological Bulletins, 47: I 05-116. 

Valentine. D., Kielland, K., Chapin, F. S., McGuire, A. D .. and 
Van Cleve, K., 2006: Biogeochemical processes in taiga 
forests. In Chapin, F. S., III. Oswood, M. W .. Van Cleve, K., 
Viereck, L., and Verbyla, D. (eds.), Alaska's Changing Boreal 
Fui'I'St. New York: Oxford University Press, 241~266. 

Van Soest, P., 1994: Nutritional Ecology olthc Ru111inant. Ithaca, 
New York: Cornell University Press. 

Weladji, R. B .. Klein, D. R., Holand, 0., and Mysterud, A., 2002: 
Comparative responses of Rangijer tarandus and other northern 
ungulates to climatic variability. Rangif"er, 22: 33~50. 

White, R. G., 1983: Foraging patterns and their multiplier effects 
on productivity of northern ungulates. Oikos. 40: 377-384. 

White, R. G., Thomson, B. R., Skogland, T., Person, S. J., 
Russell, D. E .. Holleman, D. F., and Luick, J. R., 1975: Ecology 
of caribou at Prudhoe Bay. Alaska. In Brown, J. (ed.), 
Ecological lnl'estigations of' the Tundra Biome in the Prudhoe 
Bay Region, Alaslm Biological Papers of University of Alaska, 
Special Report No. 2, 150~201. 

Yano, Y., Shaver, G. R .. Giblin, A. E., and Rastette, E. B., 2010: 
Depleted 15N in hydrolysable-N of arctic soils and its 
implication for mycorrhizal fungi-plant interaction. Biogeo­
chemistry, 97: J 8J····I94. 

lv!S accepted l'v!ay 201 I 


	Statement: 


