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Abstract
Flexed-leg urination (FLU) in female Gray Wolves (Canis lupus) has been little studied in the wild. Captive females in packs 
do not exhibit FLU unless they are both mature and dominant to an associate female, but these characteristics have not been 
confirmed in free-ranging wolves. We present observations of wolves in Yellowstone National Park that accord with those of 
wolves in captivity, extend our knowledge of FLU in Gray Wolf, pose additional questions about it, and suggest new areas 
of study to better understand it.
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Scent-marking is pervasive in the Canidae (Klei-
man 1966) and information about its functions and 
contexts has been accumulating gradually (Peters and 
Mech 1975). However, little is known about flexed-
leg urination (FLU) in female Gray Wolves (Canis 
lupus) except that dominant, mature females paired 
with males exhibit it. FLU is similar to raised-leg uri-
nation (RLU) in males, but the hind leg is not lifted 
as high; the female is still in a partial squat with 
knees bent and the leg that is off the ground is only 
slightly out to the side or even angled forward. RLU 
is presumed to be used to aim urine above the ground 
onto prominent objects, such as stumps, snowbanks, 
etc., and FLU might also function to aim urine simi-
larly, to whatever extent the female anatomy allows. 
Such directed urination in both sexes has long been 
explained as territory marking and pair-bonding 
behaviour as opposed to male standing urination and 
female squat urination (SQU), which are thought to 
be used for elimination (Harrington and Asa 2003). 
Double-marking, i.e., RLU by a male accompanied 
by FLU by a female, is thought to indicate a bond 
between a mated pair (Rothman and Mech 1979).

However, some aspects of FLU do not accord 
with the view that its only functions are territory 
marking and pair-bonding: FLU is not practised by 

immature female wolves nor subordinate, mature 
female wolves, at least in captivity (Asa et al. 1990). 
Also, even at empty food caches, only mature, dom-
inant females use FLU (Harrington 1981). If mark-
ing served only to signal possession of territory or 
mate, why wouldn’t any female use FLU? Even very 
young pups are highly possessive, cache food (Pack-
ard 2003), and defend it (Mech et al. 1999). Thus, 
much more information about wolf FLU is neces-
sary to better understand its etiology and function. 
Here we describe observations of FLU in a free-rang-
ing wolf pack and extend the findings of Asa et al. 
(1990) that, in captive wolf packs, only females that 
were both mature and dominant or vying for domi-
nance displayed FLU.

From 16 May 2000 to 29 September 2001, R.M. 
made these observations of the Druid Peak Pack in 
Yellowstone National Park. At 27 wolves, this was 
the largest pack in the park and included four females 
that bred in 2000 and 21 pups. This pack was unusual, 
as most wolf packs include a single breeding pair and 
their offspring of one or two years (Mech and Boi-
tani 2003). Several members of the Druid Peak Pack 
were radio-collared (Smith et al. 2015). They and 
their packmates were also located and observed from 
the ground using binoculars and a 60× spotting scope 
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during daylight. Each wolf was individually identifi-
able by a combination of radio frequency and/or natu-
ral body markings. During early 2000, the pack con-
sisted of the dominant pair (male 21 and female 40 
[at least 6-years old]), female 42 (40’s same-aged sis-
ter), 3-year-old females (103, 105, and 106), and a 
2-year-old male (163; McIntyre 2020). The Druid 
Peak Pack was observed during 442 days of the 494-
day study; R.M. tape-recorded his descriptions as he 
made them and transcribed his records into a computer 
the same day.

Until early May 2000, the only scent-marking 
R.M. had observed by the members of this pack were 
RLU by wolf 21 and FLU by wolf 40, although wolves 
could have marked differently during the night when 
observations were not made. On 8 May 2000, wolf 
40 was killed, apparently by wolf 42 and other pack 
members (McIntyre 2020). The first time FLU was 
observed in wolf 42 was on 16 May when she marked 
a bush, followed by RLU at the same location by wolf 
21. Subsequently, wolf 42 was observed using FLU 
regularly, often followed by wolf 21 using RLU to 
double mark locations.

None of the other females were observed using 
FLU until almost a year later, even though wolves 105 
and 106 had, along with 40, also denned and produced 
pups in 2000 (McIntyre 2020). On 9 April 2001, when 
4 years old, 106 was first seen using FLU, just before 
pinning her same-aged sister, wolf 103. Notably, wolf 
42 was still the dominant female in the pack at that 
time, although she was not with 106 when the latter 
was observed exhibiting FLU.

On 29 September 2001, an outsider male that 
male 21 allowed to join the pack was travelling to-
gether with 4-year-old female 105. When he did 
RLU, she sniffed the site and did FLU there, which 
was the first time wolf 105 was observed to use FLU, 
even though she was dominant to 103. Later, the new 
male did RLU, and 105 sniffed the site, scratched 
the ground, and did a momentary SQU that appeared 
to be scent-marking rather than urination strictly for 
elimination. The male then did RLU, and 105 did 
FLU at his site.

The 16 May 2000 observation of FLU by wolf 42 
confirms Asa et al.’s (1990) finding in captive wolf 
packs that females do not exhibit FLU unless they are 
dominant to an associated female. This is significant, as 
it is the first confirmation that Asa et al.’s conclusion 
applies to free-ranging wolves and was not an artifact 
of captivity. The 9 April 2001 observation of wolf 106 
is similarly supportive, but adds the new element that 
although 106 was dominant to 103 in that setting, 106 
was not the highest-ranking female in the pack.

The observations that 3-year-old subordinate fe-
males did not use FLU despite being mature enough 

to have produced pups in 2000 further support the 
results of Asa et al. (1990). These observations also 
raise the question of the function of FLU. Appar-
ently, FLU, which is usually one component of dou-
ble marking by mated pairs, was not necessary to al-
low those females to pair long enough with males to 
breed. Alternately, the 3-year-old females that pro-
duced offspring might have double-marked when first 
paired but ceased using a FLU later.

The 29 September 2001 observation of 105 con-
trasts with those of Asa et al. (1990), because 105 
was dominant to female 103, yet still did not use 
FLU until she met a male that used RLU. This obser-
vation introduces another element into the question 
of what factors are necessary and sufficient to elicit 
FLU. In this case, the trigger seems to have been 
the RLU of a potential mate. Whatever is common 
between gaining dominant status and being presented 
with a potential mate is unclear from a social per-
spective. Even the physiological link between gain-
ing dominance and using FLU is obscure, given that 
there appears to be no difference in estradiol secre-
tion between females that exhibit FLU and those that 
do not, although they do differ in testosterone level 
(Asa et al. 1990).

Although all factors required for FLU in wolves 
are not necessarily known, our observations com-
bined with those of Asa et al. (1990) indicate that 
at least sexual maturity and either dominance or the 
presence of a male using RLU are the minimum nec-
essary conditions. This work raises other questions. 
For example, are there links between genetic relat-
edness, dominance, and FLU patterns? Are females 
that display FLU reproductively more successful than 
those that do not? Is there seasonal variation (breed-
ing versus non-breeding season) or spatial varia-
tion (territory edges, trails, carcasses, common-scent 
posts) in urination patterns? Our observations extend 
knowledge of FLU in Gray Wolves, pose additional 
questions about it, and suggest new areas of study to 
better understand it.

Author Contributions
Writing – Original Draft: L.D.M. and R.M.; Writ-

ing – Review & Editing: L.D.M. and R.M.; Conceptu-
alization: L.D.M.; Investigation: R.M.; Methodology: 
R.M.; Formal Analysis: L.D.M. and R.M.

Acknowledgements
We thank various biologists at the Yellowstone 

Center for Resources for capturing and radio-collar-
ing the wolves, Dan Stahler for reviewing an early 
draft, and numerous wildlife technicians and devoted 
public wolf watchers for assistance in locating and 
observing the wolves in this study. The handling of 



12 The Canadian Field-Naturalist Vol. 136

all wolves was carried out in strict accordance with 
approved veterinarian and National Park Service pro-
tocols; handling of all wolves conformed to guide-
lines of the American Society of Mammalogists 
(Sikes et al. 2011).

Literature Cited
Asa, C.S., L.D. Mech, U.S. Seal, and E.D. Plotka. 1990. 

The influence of social and endocrine factors on urine-
marking by captive wolves (Canis lupus). Hormones and 
Behavior 24: 497–509. https://doi.org/10.1016/0018-506 
x(90)90038-y

Harrington, F.H. 1981. Urine-marking and caching behav-
ior in the wolf. Behaviour 76: 280–288. https://doi.org/ 
10.1163/156853981x00112

Harrington, F.H., and C.S. Asa. 2003. Wolf communica-
tion. Pages 66–103 in Wolves: Behavior, Ecology, and 
Conservation. Edited by L.D. Mech and L. Boitani. Uni-
versity of Chicago Press, Chicago, Illinois, USA.

Kleiman, D.G. 1966. Scent marking in the Canidae. Sympo-
sium Zoological Society (London) 18: 167–177.

McIntyre, R. 2020. The Reign of Wolf 21: the Saga of Yel-
lowstone’s Legendary Druid Pack. Greystone Books, 
Vancouver, British Columbia, Canada.

Mech, L.D., and L. Boitani. 2003. Wolf social ecology. 
Pages 1–34 in Wolves: Behavior, Ecology, and Conser-
vation. Edited by L.D. Mech and L. Boitani. University 
of Chicago Press, Chicago, Illinois, USA.

Mech, L.D., P.C. Wolf, and J.M. Packard. 1999. Regurgi-
tative food transfer among wild wolves. Canadian Jour-

nal of Zoology 77: 1192–1195. https://doi.org/10.1139/
z99-097

Packard, J.M. 2003. Wolf behavior: reproductive, social 
and intelligent. Pages 35–65 in Wolves: Behavior, Ecol-
ogy, and Conservation. Edited by L.D. Mech and L. 
Boitani. University of Chicago Press, Chicago, Illinois. 
USA.

Peters, R., and L.D. Mech. 1975. Scent-marking in wolves: 
radio-tracking of wolf packs has provided definite ev-
idence that olfactory sign is used for territory mainte-
nance and may serve for other forms of communication 
within the pack as well. American Scientist 63: 628–637.

Rothman, R.J., and L.D. Mech. 1979. Scent-marking in lone 
wolves and newly formed pairs. Animal Behaviour 27: 
750–760. https://doi.org/10.1016/0003-3472(79)90010-1

Sikes, R.S., W.L. Gannon, and the Animal Care and 
Use Committee of the American Society of Mam-
malogists. 2011. Guidelines of the American Society of 
Mammalogists for the use of wild mammals in research. 
Journal of Mammalogy 92: 235–253. https://doi.org/10. 
1644/10-mamm-f-355.1

Smith, D.W., M.C. Metz, K.A. Cassidy, E.E. Stahler, R.T. 
McIntyre, E.S. Almberg, and D.R. Stahler. 2015. In-
fanticide in wolves: seasonality of mortalities and at-
tacks at dens support evolution of territoriality. Journal 
of Mammalogy 96: 1174–1183. https://doi.org/10.1093/
jmammal/gyv125

Received 22 April 2021
Accepted 4 February 2022
Associate Editor: M.E. Obbard

https://doi.org/10.1016/0018-506x(90)90038-y
https://doi.org/10.1016/0018-506x(90)90038-y
https://doi.org/10.1163/156853981x00112
https://doi.org/10.1163/156853981x00112
https://doi.org/10.1139/z99-097
https://doi.org/10.1139/z99-097
https://doi.org/10.1016/0003-3472(79)90010-1
https://doi.org/10.1644/10-mamm-f-355.1
https://doi.org/10.1644/10-mamm-f-355.1
https://doi.org/10.1093/jmammal/gyv125
https://doi.org/10.1093/jmammal/gyv125

