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Abstract
On 17 September 2021, we observed three Canada Jay (Perisoreus canadensis) harvesting and caching Thin-leaved 
Snowberry (Symphoricarpos albus) fruits in a mixed conifer forest in western Montana, USA. Thin-leaved Snowberry has 
not been reported previously in their diet. During 3 min of direct observation, each jay harvested snowberries similarly and 
cached them on the trunks of nearby pines. In each case (11 caches), the jay flew by the snowberry shrubs twice, pluck-
ing a fruit while airborne, landing on the ground between passes, the first fruit carried in the throat, the second in the bill. 
The jays then landed, most often out of view on tree trunks, but, nevertheless, appeared to cache the fruits each time. One 
cache observed in the making contained two harvested fruits wedged in a crevice on the trunk and covered with a flake of 
bark. Thin-leaved Snowberry is considered a low-quality fall-ripening fruit because of the small energy gain for each fruit 
consumed. Nevertheless, the energy density of snowberries (16.65 kJ/g dry mass) collected at the same location in October 
exceeded that required by non-migratory Canada Jays for daily maintenance during winter. It is unlikely jays could cache 
enough fruits each day to sustain them for several winter months. Instead, snowberries could be an important and readily 
available autumn and winter food for Canada Jays resident in this region when used to supplement other stored foods with 
greater energy, fat, and protein content.
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Canada Jay (Perisoreus canadensis) is a perma-
nent year-round resident inhabiting boreal and mon-
tane coniferous forests in North America, although 
some local autumn movements have been reported 
(Bent 1946; Goodwin 1976; Strickland and Ouellet 
2020). The strategies that Canada Jays employ for sur-
vival during winter differ substantially from those of 
birds that breed in the same coniferous forest habitats 
but migrate long distances to avoid harsh and food-
limited conditions during the non-breeding season. 
Similar to many corvids, Canada Jays are omnivorous 
and opportunistic (Bent 1946; Goodwin 1976; Strick-
land and Ouellet 2020). They feed on arthropods, car-
rion, nestling birds, small mammals, fungi, a variety 
of human foods and waste, and berries. Classified as 
a scatter-hoarding species (Vander Wall 1990), jays 
cache large quantities of food in autumn and retrieve 

and consume it throughout winter when food is other-
wise scarce. Caches are spread widely, typically above 
ground to avoid burial in snow, and contain only one 
or two items (at most, the contents of a single throat 
and bill load) in a sticky saliva-coated bolus (Strick-
land and Ouellet 2020; Swift et al. 2022). Although 
Canada Jays are frequently encountered in the moun-
tains of western Montana, their biology and food hab-
its in the state remain unstudied (Marks et al. 2016).

Thin-leaved Snowberry (Symphoricarpos albus 
(L.) S.F. Blake) is an open-canopy and understorey 
shrub widely distributed across Canada and the west-
ern United States (Lesica 2012) within the range of 
Canada Jays. It reaches ~1.5 m in height and produces 
numerous fleshy white fruits, which ripen in late sum-
mer and autumn; fruits may remain available on 
shrubs for several months (Martin et. al. 1951). The 
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fruits of snowberry may at times be important autumn 
and winter food for some resident birds (Gabrielson 
1924; Martin et al. 1951; Crawford et al. 1986), such 
as Dusky Grouse (Dendragapus obscurus) and Pine 
Grosbeak (Pinicola enucleator). Although considered 
low-quality food among bird-dispersed species (Stiles 
1980), largely because the energy gain per fruit con-
sumed is low, they have sometimes appeared in rela-
tively large numbers in the stomachs of the mentioned 
species. Here we report opportunistic observations of 
a trio of Canada Jays harvesting and caching Thin-
leaved Snowberry fruits during autumn in western 
Montana. We describe the behaviour of the jays while 
they collected and stored fruits, provide an assess-
ment of the nutritional quality of the fruits harvested, 
and speculate on why Canada Jays would spend time 
and energy harvesting seemingly low-quality fruit.

On 17 September 2021, while P.H. hiked a road 
at the University of Montana’s Lubrecht Experimen-
tal Forest, Missoula County, Montana, three Canada 
Jays suddenly appeared at 1020 Mountain Daylight 
Time about 10‒15 m from him. Forest cover at the 
site (46.88898°N, 113.44490°W; 1276 m elevation) 
included Douglas-fir (Pseudotsuga menziesii (Mirbel) 
Franco), Ponderosa Pine (Pinus ponderosa Douglas 
ex P. Lawson and C. Lawson), and Western Larch 
(Larix occidentalis Nuttall), in order of abundance, 
with numerous snowberry shrubs lining the road and 
in the adjacent understorey. At this season and loca-
tion, snowberries were relatively abundant and the 
most-available fleshy fruit in the forest, and the three 
jays busied themselves with harvesting and caching 
snowberries. During the next 3 min, P.H. watched 
the jays with 10× binoculars, attention focussed on 
whichever bird was in view, as all appeared to be 
behaving similarly. The jays were spread over a linear 
distance of ~10 m.

Each jay harvested snowberries in a similar man-
ner using a method apparently unreported previously 
(Bent 1946; Strickland Ouellet 2020). The first bird 
to appear flew through a low (0.5‒0.6 m tall) patch 
of snowberries and plucked a fruit from one shrub 
while airborne, landed on the ground near the shrub, 
then flew with the first fruit carried in its throat and 
plucked a second fruit from a different shrub, again 
while airborne, and then flew with the second fruit 
grasped in its bill to the trunk of a pine about 4‒5 
m distant, where it was out of view ~1‒2 m above 
ground. It appeared to cache the two fruits in the bark 
on the tree trunk because it departed from the pine 
without a fruit in the bill and the throat not enlarged. 
This behavioural sequence was observed multiple 
times for each bird before the three jays flew together 
into the forest and out of view. In every case observed 
(n = 11) the birds harvested only two fruits at a time 

(one carried in the throat, one in the bill) and cached 
the fruits on the trunks of pines within 2‒8 m of where 
fruits were harvested. In some cases, it appeared that 
multiple caches were created on the same tree trunk 
by the same bird. Snowberries that the jays harvested 
appeared to be the largest ones (~8 mm × 10 mm 
in length and diameter); the wet weight of 20 fruits 
of this approximate size collected just after the jays 
departed was 4.3 g (~0.2 g each).

After the jays departed, P.H. attempted to locate 
some of the presumed caches, but was unsuccessful. 
Fortunately, he directly observed one jay creating a 
cache. What appeared to be both fruits were wedged 
into a vertical crack in the bark of the tree trunk (Fig-
ure 1) and covered with a flake of pine bark taken 
from the trunk while the jay remained clinging to the 
trunk at the cache site (Figure 2a); the cached fruits 
were coated with sticky saliva (Bock 1961; Dow 
1965) on the lower part of the cache bolus (Figure 2b) 
to which the flake of bark was attached. This cache 
was 140 cm above ground in a pine with diameter at 
breast height (DBH) of 15.4 cm. Diameter at breast 
height for three of the apparent cache trees was 11.7 
cm, 14.2 cm, and 16.3 cm. The cache was still present 
at 1220 the following day (18 September), 26 h after 
creation, but had been removed by the next check on 
30 September.

Cache location on tree trunks, cache concealment 
with bark, and cache duration (<14 days) were con-
sistent with findings for other fruits from elsewhere 
(Strickland and Ouellet 2020; Swift et al. 2022). 
Caching behaviour of Canada Jays is influenced by 
the potential for their caches to be pilfered by other 
resident species during periods of food scarcity (Dally 
et al. 2006), thus their need to spread caches widely, 
place them above ground in obscure sites and some-
times conceal them, which helps reduce the total 
amount of cached food lost if a few caches are pirated. 
Our observations of three Canada Jays openly cach-
ing in close proximity to each other are consistent 
with those of Burnell and Tomback (1985), who sug-
gest cache pilferage is more likely by individuals of 
other species rather than conspecifics. Steller’s Jay 
(Cyanocitta stelleri) routinely attempt to steal Can-
ada Jay caches (Burnell and Tomback 1985) and are 
present throughout much of the range of Canada Jays, 
including western Montana (Marks et al. 2016); Can-
ada Jays suppress or hide caching activity in the per-
ceived presence of Steller’s Jay or Blue Jay (Cya­
nocitta cristata; Burnell and Tomback 1985; Martin 
and Sherry 2021). Three Canada Jays harvesting and 
caching together in autumn suggests they were related 
(Strickland and Ouellet 2020) and not likely to steal 
each other’s caches.

We wanted to determine energy content of the 
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snowberries, because we have rarely observed birds 
feeding on snowberries. On 19 October 2021, P.H. 
collected fruits up to 0.5 km from the harvest and 
cache site of 17 September 2021, and S.S.P. analyzed 
them for energy density, crude fat, crude protein, and 
water content. Fruits were stored frozen at ˗20°C until 
analyses. They were dissected in aluminium trays to 
remove seeds (nine trays of 20 fruits), and the remain-
ing pulp, juice, and skin were freeze-dried for 48 h 
(FreeZone Triad benchtop freeze dryer, Labconco, 
Kansas City, Missouri, USA). Water content (%) was 
determined by mass loss from dissected fruit trays 
after freeze-drying, averaged over all trays. Freeze-
dried samples were homogenized and combined for 
further nutritional analysis. Percent dry mass of fat 
was determined by extracting ~1 g of dried sample in 
a fat extractor (Ankom XT-10, ANKOM Technology, 
Macedon, New York, USA) using petroleum ether 
(n = 3 trials; see Smith et al. 2015). Energy density 
(as kJ/g) was determined using ~1 g of dried pelleted 
sample combusted in a Parr 6100 bomb calorimeter 
and a Parr 1108 oxygen bomb vessel (Parr Instrument 
Company, Moline, Illinois, USA), and energy density 
was determined using a benzoic acid standard (n = 3 
trials). Crude protein was determined using a modi-
fication of the micro-Kjeldahl analysis as described 

in Smith et al. (2015). Briefly, ~0.5 g of dried sam-
ple was digested and then distilled in a micro-Kjel-
dahl still (Labconco), then titrated against 0.01N HCl 
to calculate percentage nitrogen content, which was 
multiplied by a conversion factor of 4.4 (Witmer 
1998) to obtain percentage protein content of the sam-
ples (n = 3 trials).

Thin-leaved Snowberry fruits from Montana were 
relatively low (mean ± SE) in energy density (16.65 
± 0.02 kJ/g dry mass), crude fat (0.99 ± 0.02% dry 
mass), crude protein (1.74 ± 0.01% dry mass), and 
high in water content (84.07 ± 0.17% wet mass) com-
pared with many other native fall-ripening fruits con-
sumed and disseminated by migratory birds (Stiles 
1980; Smith et al. 2007, 2013, 2015; Cullen et al. 
2020), some of which have energy densities exceed-
ing 28.0 kJ/g dry mass, crude fat ranging from 6.0% 
to 49.0%, and crude protein usually exceeding 3.0%. 
Even low-quality fruits of some native fall-ripening 
boreal/low Arctic shrubs, such as bearberry (Arcto­
staphylos), crowberry (Empetrum), and blueberry 
(Vaccinium), which overwinter under snow and are 
important foods for migrant passerines when they first 
arrive on the breeding grounds in early summer (Nor-
ment and Fuller 1997), are generally of higher qual-
ity than Thin-leaved Snowberry fruit (Table 1). The 

Figure 1. Cache location (white circle) on the trunk of a Ponderosa Pine (Pinus ponderosa) made by a Canada Jay (Perisoreus 
canadensis) on 17 September 2021 at Lubrecht Experimental Forest, Missoula County, Montana USA. Cache is partly con-
cealed by a flake of pine bark. Photo: P. Hendricks.
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fruit quality of Thin-leaved Snowberry in Montana 
and New Jersey (Table 1; White 1989) was quite sim-
ilar, indicating that the nutritional quality of snowber-
ries is probably on the low end across its range. Fur-
ther, fruit quality of Thin-leaved Snowberry is more 
similar to that of invasive non-native shrubs in eastern 
North America (Smith et al. 2013), with energy den-
sities of ~16.3‒17.2 kJ/g dry mass and crude fat con-
tent of ~0.5‒1.0%.

A review of the published literature on fruits con-
sumed by Canada Jays resulted in a list of at least 16 
plant species in eight families (Table 1), typically har-
vested during late summer and autumn. At least some 
of these (e.g., Arctostaphylos, Empetrum, Vaccinium, 
native Viburnum; Norment and Fuller 1997; Smith 
et al. 2007, 2013) offer jays greater energy, fat, and 
protein rewards than Thin-leaved Snowberry. Neither 

Thin-leaved Snowberry nor any member of the genus 
Symphoricarpos appears to have been reported previ-
ously in the diet of Canada Jays. So, why would Can-
ada Jays in Montana harvest and cache them?

Experimental evidence with artificial Canada Jay 
diets suggests that the energy density of Thin-leaved 
Snowberry fruits (16.65–17.43 kJ/g dry mass; Table 
1) may be sufficient to meet maintenance energy tar-
gets of the jays (~15.97 kJ/g dry mass) during food-
scarce periods (Martin et al. 2022) if the fruit is con-
sumed in large quantities. Canada Jays require a daily 
energy intake of ~197 kJ (Shank 1986; Strickland and 
Ouellet 2020); thus, a jay would need to consume a 
minimum of 11.8 g dry mass of snowberries each day 
to meet daily energy needs, given an energy density 
of 16.6 kJ/g dry mass and without factoring in assim-
ilation efficiency of snowberries by the jays. Average 
fresh weight of snowberries with seeds was ~0.2 g 
(20 fruits weighed 4.3 g), of which 84% was water 
and ~0.02 g was seed mass. Thus 1 g dry pulp mass 
of snowberries represents ~34 fruits, and ~404 fruits 
would be required to produce 197 kJ of energy. Even 
when snowberries are readily available and abundant 
for harvest and caching, as they were at the Montana 
site in September and October 2021 before being cov-
ered by winter snow, it is very unlikely that a Canada 
Jay could sustain itself through winter on a diet con-
sisting largely of snowberries. It seems more prob-
able that snowberries were harvested and cached by 
the jays because they were the most available fleshy 
fruits at the time and used to supplement other stored 
foods (e.g., meat, carrion, arthropods, fungi, other 
fruits) with higher energy, fat, and protein content, a 
conclusion analogous to that reached by Smith et al. 
(2007) on the needs of autumn migrant songbirds to 
consume insects as well as fruits to meet energy and 
protein requirements.

Author Contributions
Writing ‒ Original Draft: P.H. and S.S.P.; Writing ‒ 

Review & Editing: P.H. and S.S.P.; Investigation: 
P.H. and S.S.P.; Methodology: P.H. and S.S.P.; For-
mal Analysis: P.H. and S.S.P.

Acknowledgements
We thank Miles Hendricks for his cooperation 

during the observations of jay harvesting and cach-
ing, and Cynthia Loi, Victoria Kwasinski, and Gabri-
ella Orfanides for assistance with laboratory analysis 
of fruit nutrition. We are grateful for the suggestions 
of the Editor, Associate Editor, and two anonymous 
reviewers, which improved the manuscript.

Literature Cited
Bailey, F.M. 1928. Birds of New Mexico. New Mexico De-

partment of Game and Fish, Santa Fe, New Mexico, 

Figure 2. Closeup of the Canada Jay (Perisoreus canaden­
sis) cache photographed in Figure 1, showing a. a flake 
of pine bark partly concealing the cache, and b. the flake 
removed to show the cached fruit of a Thin-leaved 
Snowberry (Symphoricarpos albus). The sticky saliva of the 
jay, to which the bark flake was attached, is visible coating 
the lower part of the cache bolus. Photos: P. Hendricks.



2023	 Hendricks and Pagano: Canada Jays and snowberries	 247

USA.
Bent, A.C. 1946. Life histories of North American jays, 

crows, and titmice. United States National Museum 
Bulletin 191. Smithsonian Institution, Washington, DC, 
USA.

Bock, W.J. 1961. Salivary glands in the Gray Jays (Peri­
soreus). Auk 78: 355‒365. https://doi.org/10.2307/4082 
273

Burnell, K.L., and D.A. Tomback. 1985. Steller’s Jays 
steal Gray Jay caches: field and laboratory observations. 
Auk 102: 417‒419. https://doi.org/10.2307/4086793

Crawford, J.A., W. Van Dyke, S.M. Meyers, and T.F. 
Haensley. 1986. Fall diet of blue grouse in Oregon. 
Great Basin Naturalist 46: 123‒127.

Cullen, A.C., K.E. Farley, S.S. Pagano, F.J. Gallagher, 
and C. Holzapfel. 2020. All in the timing: how fruit nu-
tritional content influences the timing of fruit consump-
tion in two invasive shrubs. Plant Ecology 221: 951‒963. 
https://doi.org/10.1007/s11258-020-01053-w

Dally, J.M., N.S. Clayton, and N.J. Emery. 2006. The be-
haviour and evolution of cache protection and pilferage. 
Animal Behaviour 72: 13‒23. https://doi.org/10.1016/j.an 
behav.2005.08.020

Dow, D.D. 1965. The role of saliva in food storage by the Gray 
Jay. Auk 82: 139‒154. https://doi.org/10.2307/4082929

Gabrielson, I.N. 1924. Food habits of some winter bird visi-
tants. Bulletin 1249. United States Department of Agri-
culture, Washington, DC, USA. https://doi.org/10.5962/
bhl.title.64901

Goodwin, D. 1976. Crows of the World. Cornell University 
Press, Ithaca, New York, USA.

Harper, F. 1958. Birds of the Ungava Peninsula. Miscella-
neous publication 17. University of Kansas Museum of 
Natural History, Lawrence, Kansas, USA.

Lesica, P. 2012. Manual of Montana Vascular Plants. Bo-
tanical Research Institute of Texas Press, Fort Worth, 
Texas, USA.

Marks, J.S., P. Hendricks, and D. Casey. 2016. Birds of 
Montana. Buteo Books, Arrington, Virginia, USA.

Martin, A.C., H.S. Zim, and A.L. Nelson. 1951. American 
Wildlife & Plants: a Guide to Wildlife Food Habits. Mc-
Graw-Hill Book Company, New York, New York, USA.

Martin, R.J., M.F. Dick, and D.F. Sherry. 2022. Canada 
jays (Perisoreus canadensis) balance protein and energy 
targets simultaneously in both consumed and cached 
food. Comparative Biochemistry and Physiology, Part A 

Table 1. Fruits harvested by Canada Jay (Perisoreus canadensis). Mean nutritional values for native fruits are from localities 
other than where they were harvested by the jays. 

Family Species*
Energy,  
kJ/g dry 
mass†

% fat, dry 
mass (wet 

pulp)†

%  
protein,  

dry mass†

Anacardiaceae Sumac (Rhus)1 26.18d 16.4d 2.4d

Caprifoliaceae Elderberry (Sambucus)1 19.12d 4.9d 9.1d

Thin-leaved Snowberry (Symphoricarpos albus (L.) S.F. Blake)13 17.43d 1.0d 2.6d

Viburnum (Viburnum)1 27.40c 41.3c 2.6c

Elaeagnaceae Soapberry (Shepherdia canadensis (L.) Nuttall)9 (1.7b)
Ericaceae Bearberry (Arctostaphylos)1, 10 17.91a 3.1a 3.1a

Black Crowberry (Empetrum nigrum L.)6, 9 18.90a 4.9a 2.5a

Crowberry (Empetrum)10

Bog Bilberry (Vaccinium uliginosum L.)9 (6.0b)
Mountain Cranberry (Vaccinium vitis-idaea L.)9, 10 16.38a 3.7a 2.5a

Blueberry (Vaccinium)3, 5, 8, 11 17.51d 1.4d 3.3d

Liliaceae Wild Lily-of-the-Valley (Maianthemum canadense Desfontaines)8 (1.4b)
Solomon’s Seal (Maianthemum (= Smilacina))8 20.12d 0.0d 3.0d

Rosaceae Saskatoon (Amelanchier alnifolia (Nuttall) Nuttall ex Roemer)12

Serviceberry (Amelanchier)2 15.64d 1.2d 5.6d

Chokecherry (Prunus virginiana L.)7 17.94d 0.7d 3.4d

Arctic Raspberry (Rubus arcticus L.)4

American Mountain-ash (Sorbus americana Marshall)5 19.28d 1.7d 3.9d

Santalaceae Northern Comandra (Geocaulon lividum (Richardson) Fernald)9 (1.1b)
Vitaceae Virginia Creeper (Parthenocissus quinquefolia (L.) Planchon)2 22.30c 23.6c 6.0c

*Sources for fruits harvested by Canada Jays: 1. Bailey (1928), 2. Bent (1946), 3. Harper (1958), 4. Nelson (1983), 5. 
Ouellet (1970), 6. Preble (1908), 7. Rutter (1969), 8. Strickland and Ouellet (1993), 9. Swift et al. (2022), 10. Todd (1963), 
11. Waite (1988), 12. P.H. pers. obs., and 13. this paper.
†Sources for fruit nutritional values: a. Norment and Fuller (1997), b. Traveset et al. (2004), c. Smith et al. (2007), and d. 
White (1989).

https://doi.org/10.2307/4082273
https://doi.org/10.2307/4082273
https://doi.org/10.2307/4086793
https://doi.org/10.1007/s11258-020-01053-w
https://doi.org/10.1016/j.anbehav.2005.08.020
https://doi.org/10.1016/j.anbehav.2005.08.020
https://doi.org/10.2307/4082929
https://doi.org/10.5962/bhl.title.64901
https://doi.org/10.5962/bhl.title.64901


248	 The Canadian Field-Naturalist	 Vol. 137

266: 111142. https://doi.org/10.1016/j.cbpa.2021.111142
Martin, R.J., and D.F. Sherry. 2021. Canada jays, Periso­

reus canadensis, use multiple context-dependent cache 
protection strategies. Animal Behaviour 180: 329–335. 
https://doi.org/10.1016/j.anbehav.2021.08.020

Nelson, R.K. 1983. Make Prayers to the Raven: a Koyu-
kon View of the Northern Forest. University of Chicago 
Press, Chicago, Illinois, USA.

Norment, C.J., and M.E. Fuller. 1997. Breeding-season 
frugivory by Harris’ sparrows (Zonotrichia querula) and 
white-crowned sparrows (Zonotrichia leucophrys) in a 
low-arctic ecosystem. Canadian Journal of Zoology 75: 
670‒679. https://doi.org/10.1139/z97-087

Ouellet, H. 1970. Further observations on the food and 
predatory habits of the gray jay. Canadian Journal of Zo-
ology 48: 327‒330. https://doi.org/10.1139/z70-053

Preble, E.A. 1908. A biological investigation of the Atha-
baska-Mackenzie region. North American Fauna 27. Bu-
reau of Biological Survey, United States Department of 
Agriculture, Washington, DC, USA.

Rutter, R.J. 1969. A contribution to the biology of the Gray 
Jay (Perisoreus canadensis). Canadian Field-Naturalist 
83: 300‒316. https://doi.org/10.5962/p.364146

Shank, C.C. 1986. Territory size, energetics, and breed-
ing strategy in the Corvidae. American Naturalist 128: 
642‒652. https://doi.org/10.1086/284594

Smith, S.B., S.A. DeSando, and T. Pagano. 2013. The 
value of native and invasive fruit-bearing shrubs for 
migrating birds. Northeastern Naturalist 20: 171‒184. 
https://doi.org/10.1656/045.020.0114

Smith, S.B., K.H. McPherson, J.M. Backer, B.J. Pierce, 
D.W. Podlesak, and S.R. McWilliams. 2007. Fruit 
quality and consumption by songbirds during autumn 
migration. Wilson Journal of Ornithology 119: 419‒428. 
https://doi.org/10.1676/06-073.1

Smith, S.B., A.C. Miller, C.R. Merchant, and A.F. San­
koh. 2015. Local site variation in stopover physiology 
of migrating songbirds near the south shore of Lake On-
tario is linked to fruit availability and quality. Conserva-
tion Physiology 3: cov036. https://doi.org/10.1093/con 
phys/cov036

Stiles, E.W. 1980. Patterns of fruit presentation and seed 
dispersal in bird-disseminated woody plants in the east-
ern deciduous forest. American Naturalist 116: 670‒688. 
https://doi.org/10.1086/283657

Strickland, D., and H. Ouellet. 2020. Canada Jay (Peri­
soreus canadensis), version 1.0. In Birds of the World. 
Edited by P.G. Rodewald. Cornell Lab of Ornithology, 
Ithaca, New York, USA. https://doi.org/10.2173/bow.gry 
jay.01

Swift, K.N., E.J. Williams, and J.M. Marzluff. 2022. An 
observational analysis of Canada Jay (Perisoreus ca­
nadensis) foraging and caching ecology in Denali Na-
tional Park and Preserve, Alaska, USA. Canadian Journal 
of Zoology 100: 133‒146. https://doi.org/10.1139/cjz-2 
021-0053

Todd, W.E.C. 1963. Birds of the Labrador Peninsula and Ad-
jacent Areas. University of Toronto Press, Toronto, On
tario, Canada.

Traveset, A., M.F. Willson, and M. Verdú. 2004. Char-
acteristics of fleshy fruits in southeast Alaska: phylo
genetic comparison with fruits from Illinois. Ecography 
27: 41‒48. https://doi.org/10.1111/j.0906-7590.2004.03 
679.x

Vander Wall, S.B. 1990. Food Hoarding in Animals. Uni-
versity of Chicago Press, Chicago, Illinois, USA.

Waite, T.A. 1988. A field test of density-dependent survival 
of simulated Gray Jay caches. Condor 90: 247‒249. 
https://doi.org/10.2307/1368458

White, D.W. 1989. North American bird-dispersed fruits: 
ecological and adaptive significance of nutritional and 
structural traits. Ph.D. thesis, Rutgers University, New 
Brunswick, New Jersey, USA.

Witmer, M.C. 1998. Ecological and evolutionary implica-
tions of energy and protein requirements of avian fru-
givores eating sugary diets. Physiological Zoology 71: 
599‒610. https://doi.org/10.1086/516001

Received 3 November 2022
Accepted 17 March 2023
Associate Editor: D.C. Tozer

https://doi.org/10.1016/j.cbpa.2021.111142
https://doi.org/10.1016/j.anbehav.2021.08.020
https://doi.org/10.1139/z97-087
https://doi.org/10.1139/z70-053
https://doi.org/10.5962/p.364146
https://doi.org/10.1086/284594
https://doi.org/10.1656/045.020.0114
https://doi.org/10.1676/06-073.1
https://doi.org/10.1093/conphys/cov036
https://doi.org/10.1093/conphys/cov036
https://doi.org/10.1086/283657
https://doi.org/10.2173/bow.gryjay.01
https://doi.org/10.2173/bow.gryjay.01
https://doi.org/10.1139/cjz-2021-0053
https://doi.org/10.1139/cjz-2021-0053
https://doi.org/10.1111/j.0906-7590.2004.03679.x
https://doi.org/10.1111/j.0906-7590.2004.03679.x
https://doi.org/10.2307/1368458
https://doi.org/10.1086/516001

	Canada Jay (Perisoreus canadensis) harvesting and caching fruits of Thin-leaved Snowberry (Symphoricarpos albus)
	Author Contributions
	Acknowledgements
	Literature Cited


