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ABSTRACT Ripple et al. (2011) proposed a hypothesis th a t the recovery o f  gray wolves {Canis lupus) may 
positively affect the viahility o f  threatened C anada lynx {Lynx canadensis) populations in the contiguous 
U nited  States th rough  indirect species interactions. Ripple et al. (2011) proposed 2 key trophic linkages 
connecting w olf restoration w ith  lynx recovery. First, recovering w olf populations may benefit lynx through 
reduced interference and exploitative com petition w ith  coyotes (C. latrans). Second, recovering w olf 
populations may henefit lynx th rough reduced exploitative com petition am ong ungulates and snowshoe 
hares {Lepus americanus), the prim ary prey o f  lynx. B oth  proposed linkages have w eak or contradictory 
empirical support in the available literature on lynx-hare ecology, casting doubt on the utility o f  Ripple et al.’s 
(2011) hypothesis. D ebate over Ripple et al.’s (2011) hypothesis dem onstrates the im portance o f  experi
m ental or comparative docum entation w hen proposing trophic cascades in complex food webs. In  this case, 
publishing unsupported opinions as hypotheses th a t concern complex trophic interactions is a potential 
disservice to  lynx conservation th rough misallocated research, conservation funding, and misplaced public 
perception. © 2012 T h e  W ildlife Society.
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Ripple et al. (2011) proposed a hypothesis tha t the recovery 
o f  gray wolves {Canis lupus) may positively affect the viahility 
o f  threatened C anada lynx {Lynx canadensis) populations as 
m ediated by indirect species interactions. W e recognize 
(perhaps m ore than most) th a t large carnivores, such as 
gray wolves, exert top-dow n effects th a t cause major shifts 
in ecosystem states and services (H ehhlew hite et al. 2005, 
Estes et al. 2011) and com plem ent conservation planning by 
revealing regional-scale population processes (Carroll et al. 
2001). Ripple et al. (2011) presented their hypothesis in the 
journal’s “opinion” section, in recognition th a t proposed 
trophic interactions were speculative. However, a careful 
review o f  available lynx-hare {Lepus americanus) literature 
rejects several o f  the key assumptions m ade by Ripple et al. 
(2011), firmly rejecting their hypothesis. W e believe their 
paper, and the m edia attention  it received, provides a strong 
case th a t scientists need to he particularly careful w hen 
speculating about trophic cascades in the literature, especially 
w hen contrary to  existing results. Scientists m ust distinguish 
carefully between inform ed “speculation” tha t is central to
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the scientific process and speculative hypotheses th a t lack 
necessary empirical support, even w hen published as 
“opinion.”

In  our rebuttal, we illustrate the lines o f  evidence necessary 
for speculating about trophic cascades, using Ripple et al.’s 
(2011) hypothesis as a case study. W e review the strength o f 
scientific evidence th a t supports or refutes the key trophic 
linkages in Ripple et al.’s (2011) hypothesized trophic 
cascades connecting wolves and lynx (see Ripple et al. 
2011; fig. 1). W e use this example to illustrate the inform a
tion  needed to support trophic-cascade hypotheses tha t 
advance ecological understanding and species m anagem ent. 
W e  evaluate the cost to  conservation o f  sensitive carnivores 
associated w ith  proposing untested hypotheses o f  trophic 
cascades tha t lack necessary empirical support.

TROPHIC INTERACTIONS
Realistic food webs are nuanced and complex. F or example, 
in  a simple 6-species food weh w ith  2 predators, herbivores, 
and plants, there are approximately 30 direct interactions, hut 
nearly 2,000 potential indirect interactions (H ehhlew hite 
and Sm ith 2010). T hus, the study o f  trophic cascades 
requires experimental or comparative testing o f  bo th  direct 
and indirect food-weh interactions and their relative 
strengths (H ehhlew hite and Sm ith 2010), as m easured by
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population-level dem ographic response (Polis et al. 2000). 
W e acknowledge th a t docum enting trophic cascades w ith 
empirical field data are difficult and expensive, yet such data 
are needed to separate those species interactions im portant 
for m anagem ent from  the nearly infinite num ber o f  putative 
cascades. F or example, the general premise th a t intra-guild  
com petition and m esopredator release (Crooks and Soule 
1999, P rugh et al. 2009) structure carnivore com munities 
may generally support Ripple et al.’s (2011) hypothesis, hut 
the nuances o f  w olf-coyote (C. /a /ra«r)-lynx-hare food wehs 
may offer alternative predictions th a t are better supported by 
empirical field data and available literature.

Ripple et al. (2011) propose 2 key trophic paths connecting 
w olf restoration w ith  lynx recovery. First, recovering w olf 
populations may henefit lynx through  reduced interference 
and exploitative com petition w ith  coyotes. Second, recover
ing w olf populations may henefit lynx th rough reduced 
exploitative com petition am ong ungulates and snowshoe 
hares, the prim ary prey o f  lynx. Below we evaluate the 
empirical evidence supporting each pathway linking wolves 
to lynx, and we suggest alternative trophic linkages th a t we 
feel best relate to  lynx.

Trophic Pathway Numherl: W olf-Coyote-Hare-Lynx
Do wolves reduce coyotes?— Ripple et al. (2011:515) state, 

“W ith  wolves present, we hypothesize th a t coyotes would 
he m aintained at low densities. . . ” T h e  restoration o f  apex 
predators can positively affect biodiversity conservation 
th rough  regulation o f  mesocarnivores (Ritchie and 
Johnson 2009). Ripple et al. (2011) correctly state th a t wolves 
can affect coyotes, bo th  hehaviorally and ecologically, in  the 
Yellowstone ecosystem (GY E; Berger and Gese 2007), and 
tha t such regulation can have cascading effects (Berger et al. 
2008). However, despite the well-publicized initial declines 
in coyote abundance in the G Y E  following w o lf recovery 
(Berger and Gese 2007), coyotes may now he adapting to 
wolves and coyote pack num bers may have rebounded 
(M erkle et al. 2009, H ehhlew hite and Sm ith 2010). T he 
trophic strength o f  w olf effects on coyotes may also differ 
geographically w ith  variation in  climate, prim ary productivi
ty, carnivore and prey com munities, and the degree o f  hum an 
persecution (Borer et al. 2005, M ech 2012). T h e  inverse 
relationship between wolves and coyotes in  Yellowstone is 
not supported outside the 2 national parks (Yellowstone and 
G rand  T eton) included in the analyses by Berger and Gese 
(2007). In  other systems w here wolves, coyotes, and lynx 
coexist, research shows a positive relationship between 
wolves and coyotes (Paquet 1991, 1992), whereby coyotes 
henefit from  scavenging on w olf-killed ungulate carcasses. 
T h e  generally low  m ortality rates o f  radiocollared coyotes 
killed by wolves outside o f  Yellowstone in N orthw est 
M ontana is 3 tim es less than  those killed by cougars 
{Puma concolor, A rjo 1998). T hus, this quick review o f 
the literature suggests tha t the strongest generality o f  
Ripple et al.’s (2011) hypothesis th a t wolves have a direct 
negative effect on coyotes is, at best, inconsistent, bo th  
w ith in  the G Y E  and across w olf-coyote range in N orth  
America.

Do coyotes compete w ith  lynx?— Buskirk et al. (2000) hy
pothesized th a t coyotes com pete w ith  lynx th rough  bo th  
interference com petition (direct killing or displacement) 
and indirect exploitative com petition for shared food resour
ces. Ripple et al. (2011) speculated th a t these interactions are, 
in  part, responsible for the im periled status o f  southern lynx. 
Unfortunately, evidence for interference com petition is es
sentially lim ited to anecdotal observations. A n observation 
o f  a single juvenile lynx killed by a coyote in  the Y ukon is 
not prim a facie  evidence for a trophic-level interaction 
(O ’D onoghue et al. 1995). Further, in this northern  popu
lation, m ore predation m ortality o f  radiocoUared lynx was 
attributed  to wolves, wolverines {Gulo gulo), and other lynx 
than  to  coyotes (O ’D onoghue et al. 1995). D irect interac
tions between coyotes and lynx were rare (O ’D onoghue et al. 
2001).

I f  wolf-caused trophic cascades are im portant, then  south
ern “w olf-free” populations o f  lynx should have high coyote- 
caused m ortality rates, w hich is not the case. Cause-specific 
m ortality  data for several w ell-studied southern lynx 
populations show tha t hum an-caused m ortality poses a far 
greater th reat than  does predation, particularly predation 
by coyotes. In  a wolf-free, southern lynx population in 
Colorado, predation accounted for only 9% known-cause 
m ortality  (Devineau et al. 2010). In  western M ontana, 
w ith  55 docum ented lynx mortalities, we observed no instan
ces o f  predation on lynx by coyotes in  10 years o f  study in 
an area that, at the tim e, had few wolves 0 . Squires, unpub
lished data). W hereas, hum an-caused m ortality accounted 
for 79% and 49% o f  known-cause m ortality events in 
M innesota (M oen 2009) and Colorado (Devineau et al. 
2010), respectively, w ith  considerably higher potential for 
population-level impacts. T hus, the low  rate o f  observed 
coyote-caused m ortality to lynx in  southern populations, 
regardless o f  the presence o f  wolves, is inconsistent w ith  
Ripple et al. (2011)’s hypothesis, w hich casts doubt on 
this trophic pathway.

Ripple et al. (2011) correctly observed th a t hare densities in 
the western U nited  States are low  com pared w ith  northern 
populations (Hodges 2000a, b). T hus, decreases in hare 
abundance due to coyote predation could significantly im pact 
southern lynx populations. However, this proposed trophic 
link  in Ripple et al.’s (2011) hypothesis is again, weakly 
supported by available literature. H odges (2000a) reviewed 
studies tha t indicate >90%  o f hare m ortality is a result o f 
predation. In  their southern range, hares are killed by a 
dizzying array o f  avian and m am m alian predators (see 
H odges 2000a, 7, E llsw orth and Reynolds, 2006). Even 
red squirrels {Tamiasciurus hudsonicus) are a major source 
o f  m ortality on hare juveniles in northern  hare populations 
(Boonstra et al. 2001). A lthough  Ripple et al. (2011) cor
rectly acknowledged tha t m any predators consume hares, 
their hypothesis nonetheless focused narrowly on a single 
trophic link  (that o f  coyotes reducing hares in southern 
population), despite a complex food weh.

Starvation m ortality o f  lynx typically occurs in late w in te r-  
early spring (M ow at et al. 2000). T hus, Ripple et al.’s (2011) 
hypothesis m ight better focus on food com petition, or
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bo ttom -up  drivers, during w inter. Coyotes in  w inter can 
forage in the same high-elevation boreal forests th a t are 
used by lynx (despite high foot-loading o f  coyotes, w hich 
causes them  to sink in deep snow; M urray and B outin 1991, 
C rete and Lariviere 2003), regardless o f  low hare densities 
(Bekoff and G ese 2003, Kolbe et al. 2007, B urghardt-D ow d 
2010). D espite spatial overlap, the w inter diet o f  coyotes 
in sympatry w ith  southern lynx is com posed primarily o f  
carrion, and there is little evidence o f  exploitative com peti
tion for snowshoe hares. In  M ontana, Kolbe et al. (2007) 
backtracked 12 adult coyotes for a total o f  322 km  in 
hom e ranges tha t overlapped those o f  lynx. Kolbe et al. 
(2007) located 88 feed sites on coyote backtracks and 
found th a t 88% o f  feed sites were carrion; only 3% o f the 
88 feed sites were actual snowshoe hare kiUs. Similarly, 
coyotes from  northern  populations scavenged carrion as a 
prim ary w inter food w hen hare densities dropped to levels 
similar to those found in western M ontana (Hodges 
20007). In  W yom ing, B urghardt-D ow d (2010) found the 
percentage o f  coyote scats containing snowshoe hare dropped 
from  24% (TV =  50) in the autum n to 4% (TV =  224) during 
w inter. Therefore, th e  m ost central linkage (coyote-lynx 
exploitative com petition) in Ripple et al.’s (2011) hypothe
sized ecological cascade is poorly supported by empirical 
study.

Trophic Pathway Number 2: W olf-Ungulate-Hare-Lynx
Ripple et al. (2011) suggested th a t w o lf predation on ungu
lates may facilitate lynx recovery by decreasing exploitative 
com petition am ong ungulates and snowshoe hares. Some 
evidence exists for diet overlap between hares and bo th  
m oose {Alces alces) and w hite-tailed  deer {Odocoileus virgin- 
ianus) under fairly specific conditions in boreal ecosystems 
(Dodds 1960, Telfer 1972, Belovsky 1984). However, little 
evidence exists for population-level effects o f  ungulates 
upon hare dynamics, particularly relative to  those ungulate 
species th a t comprise the m ajority o f  w o lf diets in southern 
latitudes, such as elk {Cervus elaphus\ Sm ith et al. 2004) and 
deer {Odocoileus spp.; Fuller et al. 2003). T his proposed 
linkage is particularly implausible due to substantial separa
tion between high-elevation boreal forests used by lynx 
and hares during w inter and deer or elk w inter range 
(H odges 2000a, 7, Squires et al. 2010), w here trophic 
impacts o f  high ungulate densities on browse species have 
been widely docum ented. T h e  w inter diet o f  snowshoe 
hares in boreal forests is restricted to smaller diam eter twigs 
and some bark o f  shrubs and trees (H odges 2000a, 7). 
In  summer, snowshoe hares generally eat forbs, grasses, 
leaves o f  shrubs, and some woody browse, w ith  no evidence 
o f  food lim itation (Hodges 2000a, 7). However, there is 
substantial evidence th a t population dynamics o f  hares are 
primarily a function o f  predation (Hodges 2000a, 7, W irsing 
et al. 2002). G iven the basic natural history o f  ungulate 
species, ecologically m eaningful impacts o f  exploitative com 
petition on hares is exceedingly unlikely in either space-use 
or diet, particularly during w inter (H odges 2012).

THE COST OF POORLY SUPPORTED 
OPINION?

T h e  Bulletin offers scientists a valuable outlet for open 
discussion and opinion in addition to  true “scientific” 
w ork (Ballard 2005). Ripple et al.’s (2011) interesting hy
pothesis th a t examined possible trophic interactions between 
w o lf and lynx did stim ulate conversation in the public 
and scientific press. However, as we reviewed, central key 
trophic linkages presented in  this hypothesis lack empirical 
or literature-based support, or are actually easily rejected by 
the existing literature. T heir paper serves as a good case- 
study for considering a broader question o f  the value in 
publishing highly speculative trophic cascades in the litera
ture tha t require rigorous scientific m ethods to  disentangle, 
given complex species interactions (W ootton  1994). W e 
suggest th a t untested hypotheses are o f  particularly lim ited 
value in the arenas o f  trophic cascade research and endan
gered species conservation, w here the infinite num ber o f 
putative indirect interactions are in  stark contrast to scarce 
conservation attention  and resources.

In  their final paragraph. Ripple et al. (2011:517) describe 
trophic m onitoring required to docum ent ecological resto
ration, “W here  w olf restoration is the ob jective.. . ” This 
focus was echoed in the popular press, w here the public 
has a difficult tim e distinguishing between hypotheses de
fined as opinion versus those tested th rough empirical re
search, especially w hen published in  a peer-reviewed journal 
(M ech 2012). W e  believe th a t Ripple et al.’s (2011) focus on 
w o lf restoration missed the mark. Instead, we prefer to 
conclude this discussion by considering lynx restoration as 
the objective. G ray wolves are no longer federally endangered 
under the Endangered Species A ct across m uch o f  their 
range (Federal Register vol. 76, no. 87 [5 M ay 2011]) based 
on genetic and dem ographic grounds, w ith  m inim um  esti
mates o f  likely > 1 ,700  wolves roam ing the N orthern  Rockies 
(e.g., H ehhlew hite et al. 2010). In  stark contrast, C anada 
lynx face an uncertain and im periled future in the lower 48 
states, w ith  loom ing effects o f  climate change and the chal
lenges o f  im plem enting recovery under the Endangered 
Species Act. Ripple et al.’s (2011) hypothesis tha t focuses 
on w olf restoration as a tool for lynx conservation will, in  our 
professional opinion, potentially weaken m uch needed re
covery efforts for lynx th rough  m isdirected resources and 
m isguided public attention. T h e  m ost obvious illustration o f 
this is the exceedingly high hum an-caused m ortality o f  lynx 
in  Colorado and M inneso ta (49-79%  o f know n-caused m or
tality; M oen 2009, Devineau et al. 2010), respectively. W o lf  
restoration wiU not recover lynx populations to the same 
extent as will careful reductions in hum an-caused m ortality 
and appropriate habitat m anagem ent. In  a recent review o f 
research findings and needs for southern lynx conservation, 
M urray et al. (2008) found a similar dearth o f  evidence for 
negative impacts o f  mesocarnivore com petition in southern 
populations. W e echo M urray et al.’s (2008) recom m enda
tions to  focus on 3 goals for southern lynx conservation: 
1) further understanding o f  lynx population and habitat 
ecology, 2) conservation o f  lynx and hare habitat w ithin
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forest m anagem ent frameworks, and 3) m aintenance o f  con
nectivity w ith  northern  populations. W e  reiterate these goals 
and highlight the w ell-docum ented im portance o f  hum an 
impacts on lynx mortality, hahitat alteration, and patch con
nectivity, as the m ain threats to  and the m ost cost-effective 
solution for the conservation o f  southern lynx populations.
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