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ABSTRACT

Mountain sheep, Ovis canadensis, occur in a naturally fragmented
population structure, but have been extirpated from much of their historical
distribution. Further, extant populations are subject to disruption of
movement corridors, which exacerbates fragmentation. Water
developments have been established to enhance the probability of
persistence of the subpopulations that comprise metapopulations of those
large herbivores, but such developments sometimes become dry.
Suggestions are presented to help managers prioritize the order in which
to reprovision water in the event that multiple developments become dry
simultaneously. Given that a metapopulation contains habitat patches of
differing quality, and that large subpopulations usually exhibit greater
genetic diversity than small populations, reprovisioning is best prioritized
in terms of benefits to (1) small, isolated subpopulations that are most
subject to stochastic events and least likely to receive immigrants; (2)
large, well-connected subpopulations in which intervention might be
expected to benefit many individuals and, thereby, provide more potential
colonists than would smaller, isolated subpopulations; and (3) small, well-
connected subpopulations that are most apt to receive immigrants from
nearby subpopulations.

Elevation, rainfall, and availability of water influence the persistence of mountain sheep,
Ovis canadensis, in desert ecosystems (Epps et al. 2004), and no large populations are
known to exist in the absence of reliable sources of surfacewater (Wehausen 2007?). Because
some movement corridors have been disrupted, and habitats occupied by mountain sheep
arebeing increasingly fragmented, potential benefits of devel oping water sourcesto mitigate
impacts of anthropogenic activities arereceiving increased attention (Dolan 2006). Broyles
(1995) questioned the value of wildlife water devel opments; nevertheless, they are used
extensively to enhance habitat for mountain sheep (Bleich et al. 2005, Krausman et a. 2006).
Despite being largely reliable, wildlife water developments occasionally become dry as a
result of insufficient precipitation or mechanical failure (Bleich and Pauli 1990); if that
occurs., management goal s cannot be met and conservation objectives become more difficult
to achieve. Further, if >1 development is dry, managers either must determine which to
reprovision (i.e., refill with water), or prioritizethe order in which they areto bereprovisioned.

1 Wehausen, J. D. 2007. Wilderness and guzzlers for desert bighorn sheep. Desert Report,
December 2007:49.
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In this note, | summarize recommendations (Bleich 2008?) that will be useful to managers
when >2 water developments are dry simultaneously. It is my hopethat these suggestions
will help ensurethat fiscal and logistical resources are expended most effectively, and with
the greatest benefit to the conservation of mountain sheep.

Traditionally, mountain sheep popul ationswere defined by theisolated mountain ranges
they inhabited (e.g., Buechner 1960, Weaver 1973). It has become increasingly evident,
however, that those large herbivores occur as metapopulations that are comprised of
individual populations occupying disjunct geographic areas (Schwartz et al. 1986; Bleich et
al. 1990, 1996; Bailey 1992; Krausman 1997; Eppset a. 2007). Moreover, theimportance of
small, seemingly isolated populations to the conservation of mountain sheep has been
increasingly realized (Krausman and Leopold 1986; Schwartz et al. 1986; Bleich et al. 1990,
1996; Krausman 1997).

In the western United States, management and conservation of mountain sheep are
based largely on the concept of ametapopulation structure (Torreset al. 1994, 1996; Singer
et al. 2000; Epps et al. 2003). Extirpation of any population has serious implications for
metapopul ation persistence, particularly given the philopatric behavior and conservative
colonization rates of mountain sheep (Geist 1971, Festa-Bianchet 1991, Bleich et al. 1996).
Thus, loss of >30% of historical populations from California (Epps et al. 2003) is
disconcerting; similar trends exist among other states inhabited by those specialized
ungulates (Trefethen 1975).

Despite blockage of intermountain movement corridors and disruptions of connectivity
by anthropogenic barriers (Eppset a. 20053), available evidenceindicatesthat opportunities
for colonization still exist (Eppset a. 2005b). Wildlifewater developmentsplay apotentially
important role in maintenance of connectivity among populations because they (1) allow
mountain sheep to make use of otherwise suitable habitat that lacks reliable sources of
surface water; (2) increase the probability of pioneering individuals encountering surface
water in areas that otherwise provide suitable habitat; (3) enhance the likelihood of
immigrants encountering conspecifics; or, (4) increase survival rates during periods of
thermal stressor drought. Thus, wildlifewater developments have the potential toincrease
population size, enhance survival, and facilitate genetic exchange; resultant increasesin
fitnesshaveimplicationsfor gene flow and rates of colonization (Bleich 2008?). Indeed, the
positive influences of wildlife water developments on the number, size, and stability of
mountain sheep populations (Wehausen 2007%) have implications for metapopulation
function and, hence, for persistence of the species.

There is agreement that small populations of mountain sheep are more vulnerable to
extirpation when compared to large populations (Berger 1999, Wehausen 1999), and that
demographic consequences of declines can be severe (Lande 1988). Asaresult, persistence
of small populations can beimpacted to agreater extent by anumerically equivalent |oss of
individuals when compared to large populations. Under some circumstances the loss of a
large population could, nevertheless, be more damaging to metapopulation function than
thelossof asmall one. Large populationslikely possessgreater genetic diversity (Frankham
1996) and potentially produce more emigrants (Bailey 1992), both of which are essential to
metapopulation function. Some populations occupy areas of better quality habitat and

2Bleich, V. C. 2008. Reprovisioning wildlife water developments: considerations for determining
priorities to transport water. Society for the Conservation of Bighorn Sheep, Pasadena,
California, USA.
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thereby have access to more abundant resources than mountain sheep inhabiting small,
isolated mountain ranges (Bailey 1992); as aresult, those populations generally are larger
and better able to withstand environmental stressors. In contrast, small populations that
occupy marginal habitat are more vulnerable yet they, along with habitat that is occupied
occasionally by transient individuals, can play important roles in maintaining connectivity
(Schwartz et al. 1986; Bleich et al. 1990, 1996). Hence, whenitisnecessary to reprovision>1
dry water development, | recommend managers consider the tradeoffs associated with the
potential extirpation of a small population in the context of the partial loss of a larger
population, and that degree of isolation of each population receives serious consideration
by managers faced with any such decision.

Two factors, distance to the nearest population and the number of proximate
populations, have important implications for metapopulation function. Both play rolesin
connectivity (Epps et a. 2006), and thereby influence the probability of ageographic area
being colonized by mountain sheep following an extirpation. Asaresult distancesto, and
the number of, proximate popul ations, influence the probability of dispersing individuals
encountering resources necessary to survive, or of encountering conspecifics in a new
area. Other factorsbeing equal, the moreisolated apopulationis, themorevulnerableitis.
Persistence of small, isolated populations is more apt to be impacted by water shortages
than is the persistence of populations having greater potential for connectivity to other
areas inhabited by mountain sheep. Thus, when >1 development isdry, | suggest that the
potential for connectivity with other areas inhabited by mountain sheep be considered in
the context of benefitsto the metapopulation asawhole, and how metapopulation function
will best be served by ensuring availability of water.

Although the density of mountain sheep might be quitelow (e.g., <1 individual/km?) in
agiven area, total numbersof animalsstill can be greater than where mountain sheep occur
at higher densities (Bleich 20082). Thus, population density could present a misleading
indicator of need to reprovision a water development, and thereby result in transport of
water to alower-priority areathan would consideration of absolute numbersaone. Hence,
population density in a given geographic area is a less important indicator of need to
reprovision water than is population size. Among subpopulations occupying a single
mountain range, however, the simultaneous presence of >2 dry developmentswill necessitate
adecisionregarding whichto refill. Insuch situations, therelative abundance of animalsin
thevicinity of each dry development becomes ameaningful consideration, and transport of
water to the development likely to benefit the greatest number of sheep is recommended.
Such fine-scale information on relative abundance of mountain sheep within mountain
rangesis, unfortunately, largely unavailable.

Despite the importance of population size to conservation objectives, | encourage
managersto ensure that water is available to the greatest number of populationsin need of
that resource during the hot season. Using Weaver’s (1973) suggestionsor Turner’s (1973%)
estimates of water demands, managers can calculate the amount needed by a population
during thermally stressful periods. For example, 25 mountain sheep would “require’
approximately 10,000 L of water over the summer according to Weaver’s (1973) criteria, and
| suggest that transporting excess water to a single development while neglecting to

8 Turner, J. C. 1973. Water, energy and electrolyte balance in the desert bighorn sheep, Ovis
canadensis. Ph.D. dissertation, University of California, Riverside, USA.
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reprovision another would be neither prudent nor of benefit to overall conservation
objectives.

The length of time that a water development has been dry should play an important
role in the decision making process. Lack of surface water during summer over multiple
years has potentially greater impacts on a population than an absence of water over a
shorter period of time, because annual impacts likely are cumulative. Alternatively, if a
development has been dry for severa years, it could be argued that any impacts to the
population that used that development already have occurred, and that if a development
upon which sheep currently are dependent is not reprovisioned, the impacts would be
disproportionately greater. If managers adhere to the recommendations presented herein,
such situations are unlikely to occur; nevertheless, when setting priorities to reprovision
dry water developments, | suggest managers assess impacts already incurred by the
respective population(s).

Clearly, availability of alternative water sources is an important consideration when
prioritizing areas to reprovision. It seemsintuitive that the need to reprovision dry water
devel opment(s) in areas having alternative water sourcesislessthan in those areas without
aternative sources. The potential value of an alternative sourceis diminished, however, if
it has not previously received regular use by members of the population. Hence, when
deciding which of several developments to reprovision, | suggest managers give serious
consideration to the amount of use alternative water sources previously have received.

Male and female mountain sheep segregate for much of the year (Bleich et a. 1997),
and different parts of a mountain range can be used primarily by one sex or the other and
with the result that males and females sometimes use separate water sources (Whiting
2008%. In desert ecosystems, sexual segregation generally peaks during spring and early
summer, but males and femal es aggregate for breeding during late summer and early fall
(Bleichetal. 1997, Rubin et al. 2000). During thermally stressful periods, femalesand young
are most closely tied to surface water and visitation rates are high (Bleich et al. 1997). |
suggest that dry developmentsin areas used predominately by females and young receive
ahigher priority for reprovisioning than areas used predominately by males. By providing
water at those devel opments, physiological needs of maleslikely will be met because they
join females during the hottest time of the year (Bleich et al. 1997). Thus, sex and age
structure of the popul ation, combined with the seasonal distributions of malesand females,
are important considerations when prioritizing effortsto reprovision dry developments.

Decisionsto reprovision adry development will beinfluenced by the methods available
to implement that task. If water can be provided without undue fiscal or logistical
commitments, as when it can be transported by motor vehicle, those situations are best
resolved as they arise. If >1 development is dry, | suggest that managers distribute their
effort to ensure that anticipated needs of the greatest number of populations are met. It
would not be a sound strategy to provide more water than necessary at one devel opment
at the expense of another if the anticipated needs of both (or several) can bemet. The same
strategy will be applicable even when aerial transport of water isthe only means by which
developments can be reprovisioned. | suggest that neither level of difficulty nor cost are
important factorswhen determining which devel opment(s) to reprovision, or the amount of
water to be transported.

4Whiting, J. C. 2008. Behavior and ecology of reintroduced Rocky Mountain bighorn sheep.
Ph.D. dissertation, Idaho State University, Pocatello, USA.
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Management prescription (i.e., whether the population is harvested or not) is of less
importance than most other factors. Harvest strategies include removal of animals for
translocation or by hunting; in one setting, females will be disproportionately selected for
removal and, inthelatter, maturemaleswill bedisproportionately targeted. Inboth situations,
the population likely islarge and healthy, or it would not be managed under either of those
strategies (Bleich 2008?). Thus, management prescription alone is unimportant relative to
most other factors when prioritizing actionsto be undertaken.

The observations, experiences, and resulting opinionsof individual sfamiliar with specific
geographic areas warrant some consideration, particularly if they have been compiled over
extended periods of time and under a variety of environmental conditions. Nevertheless,
when prioritizing effortsto reprovision dry water developments, | suggest the vulnerability
of a population as perceived subjectively is much less meaningful than are other factors.

In summary, managers are encouraged to reprovision developments as they become
dry, rather than waiting until >1 devel opment no longer provideswater. |f, however, managers
are faced with multiple dry developments, | recommend they do so with the objective of
ensuring water isavailableto the greatest number of populations, but without compromising
the persistence of those that are large. Given that a metapopulation of mountain sheep
consists of occupied (and potentially unoccupied) habitat patches of differing quality, and
that large populations likely exhibit greater genetic diversity than small ones, | suggest
actions to reprovision dry water developments are best implemented in the context of
benefits to (1) small, isolated populations that are most subject to stochastic events and
least likely to receiveimmigrants; (2) large, well-connected populationsin whichintervention
would be expected to benefit many individual sand, thereby, provide more potential emigrants
than smaller, isolated populations; and (3) small, well-connected popul ations that are most
likely to receiveimmigrantsfrom nearby areas.
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