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CASE STUDY 3.1

The First World Congress of Herpetology in 1989 and a Na-
tional Research Council workshop in 1990 brought the acceler-
ating losses of amphibian biodiversity to the forefront of con-
servation concerns. Tt long had been obvious thal habitat
destruction and alteration, introduction of nonnative species,
‘pollution, and other human activities exact an increasingly
heavy toll upon amphibians as well as on other taxa. By the
fime of these mectings, however, herpetologisis realized that
“some of the declines and disappearances of amphibian papu-
latons and species were unusual in one respect: The causes of
their loss were undetermined. These unexplained losses oc-

curred in isolated areas relatively protected from most human
impacts, particularly in montane regions in tropical / subtropi-
¢al Australia, the wesiern United States, Costa Rica, and other
uf Latin America. Especially noleworthy, detailed retro-
spective studies of declines in amphibians in large national
rks in Califorria {Drost and Fellers 1996; Fellers and Drost
and in the Monteverde Clowd Foresl Preserve in Costa
3 (Pounds et al., 1997) prosented the first conelusive evi-
nice of communily-wide declines of amphibians.

- Population declines and range conlrachions have continued,
example, during the latter 1990°s 35 of 55 species disap-
ed from & study area in the Fortuna Forest Reserve in
Panama (Lips 1999; Young et al. 2001). However, many of these
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cases are complicated by the facl that not all sympatric am-
phibian species appeared to be affected,

A general problem with these reports was the lack of per-
spective, with a focus on what may be special cases, To rectify
Ihis situation, about 500 amphibian biologists were enlisled to
participate in a Clobal Amphibian Assessment {GAA) con-
ducted from 2000 to 2004 [Stuart el al. 2004). The assessment
atlempted to evaluale every species of amphibian across the
planet, a challenging task when one considers the fact that the
vast majoriby of species are tropical and most of these have
been little studied, The CAA documented that the reports
were representative of a widespread phenomenan, and that
the problem is more acute than generally had been thought;
32.5% of the known species of amphibians are “globally
threatemed” (Figure A). The assessment also showed that com-
munity-wide amphibian declines were more likely to be en-
countered in the tropies, Many species showed no evidence of
declines, however,

The causes of many documented declines and disappear-
ances remain poorly understood despite a burgeoning literature
on the subject. Nearly half of the 435 amphibian species classi-
fied as rapidly declining by the GAA are threatened primarily
by “enigrmatic” (unidentified) processes (Stuart et al. 2004). Tn
Ihis case study we briefly review the tasonomic and spatial pat-
berms of these enigmabic losses and
their major hypothesized causes, Al
though the enipmatic declines are our
tocus, well-documented threats such as
habitat loes and overharvesting that are
the primary cause of most losses of am-
phibian biodiversity (including over
half of the rapid declines, Stuart et al,
2004) require attention as well,

Althpugh amphibians are more
threatened ihan some other groups,
their plight is niot unique (Gibbons et
al. 2000). The case study of amphibian
decdines llustrales several themes ap-
plicable to studies of biodiversity loss-
s i all taa:

eTed

1. Biodiversity loss has many causes
that are not mutually exclusive,;
several faclors may act simultane-
ously on ome population,
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L Species, and populations within species, vary with
respect fo the importance of different threats.

3. The combined effect of several stressors can be worse
than the sum af their individuoal effects, These svner-
ristic inleraclions ave especially difficult to study,

4. bxperimental demonstration that a factor may attect a
population is not proof thal it is responsible for
nbserved population declines,

5. No area on Farth is protected from human achivities.

Species declining for enigmatic reasons are concentraled in
the tropics, especially in Mesoamerica, the northern Andes,
Puerto Rico, southern Brazil, and eastern Australia, although
the phenormenon may be underesiimated in poorly-moenitored
regioms such as Africa (Stuart et al, 2004), Most species (82%)
having unexplained declines are frogs and toads in the fami-
ties Butonidae, Hylidac, and Leptodactylidae. Ecologically,
enigmatic declines are associated with species found i forests,
streams, and (ropical montane habilats (Stuart ot al, 2004). A
variety of hypotheses as to the underlying causes of these enig-
matic declines have been proposed and studied by a host of
conservalion scientists,

Ultraviolet-B Radiation

nereased ultraviolet-B (UV-B} radiation is a pessible explana-
tiom for declines and losses of amphibian populations n com-
paratively undisturbed arcas. A large body of experimental ev-
idence indicates that ambient Jevels of UV-B are harmful to
some amphiblan species at some locations, although effects
may vary amoeng populations, species, and geographic regions
and with ecological factors such as elevation, water chemistry,
arl the prosence of other stressors (reviewed by Blaustein and
Kiesecker 2002; Blaustein ot al, 2003a}. For example, egg mor-
tality in the western toad and Cascades frog was higher when
egps were oxposed to ambient levels of sunlight in natural
ponds in Oregem than when 100% of UV-B was blocked
(Blausicin et al. 19694a; Kiesecker and Blaustem 1997), UV-5 had
s effiect on the survival of Pacitic reefrog eges in the same ex-
periments. The Pacific beefrog was found to have higher levels
af an enzyme, photolvase, that facilitates the repair of DNA
damaged by UV-B (Blaustein et al. 19%4a). Ambient UV-B did
not affect survival of western toad epgs n a held oxperiment
conducted in Colorade (Corn 1998). Differences between the
Oregon and Colorado results could be due 1o differences in
genes, ecological conditions, or experimental design. UV-B had
a greater effect un survival of long-toed salamander lareae from
low-glevation populations than those from high-elevation pop-
ulations under identical conditions in the lab (Belden and
Blaustein 2002},

There is also much experimental evidence that UV-B has a
greater effect on amphibians when combined with other stres-
sors (Blaustein and Kiesccker 2002: Blaustein el al. 2003a ). For
example, UV-B decreased the survival of Rana piplens eggs in
acidic water but nol at near-neutral phl (Long et al. 1993), In

some experiments western toad and Cascades frog eggs died
as a result of UV-B increasing their susceptibility to a patho-
genic fungus, Saprofegnia (Kiesecker and Blaustein 1995
Kiesecker el al. 2001a).

This body of experiments helps us understand some of the
impacts af UV-B on amphibians, but does not show that UV-B
is responsible for population declines and disappeararices. It
rermains unknown whether the affected populations were ex-
posed to increased UV-B, or that the effects of UV-B extend
fram individuals o the population level.

Ozone depletion is one factor that may have (nereased ex-
posure of amphibians o LV-B, even in some locations at low
latindes (Middleton et al. 2001}, Many other factors also affect
the UV-B dose experienced by amphibians, including the atten-
natiom of UV-B by water and by dissolved organic matter in
water, breeding phenology, and behavior (e.g,, Com and Muths
2002, Palen et al. 2002). Climate warming and anthropogenic
acidification may reduce concenlrations of dissohved organic
matter and thereby increase the depth to which UV-B pene-
trates aquatic habitats (Schindler et al. 1996; Yan et al. 1996).

Lrologists disagree on interpretation of research on the ex-
tent to which natural levels of dissalved organic matter cur-
rontly profect amphibians from harmful levels of UV-8
(Blaustein ot al, 2004; Palen et al. 2004), Global climate change
can affect precipitation, and consequently water depths and
UV-B expusure (Kiesecker et al. 2001a), In dry vears eges will
be closer to the surface of the water and thus more exposed ta
LM-B. A complicating factor is that in some regions, such as the
Rocky Mountains, montane snow melt and amphibian breed-
ing ocour carlier in the season in dry years, when UV-B radia-
ticn is lower (Corn and Muths 2002). These issues illustrate
why it is difficult to evaluate possible relationships between
global climate change and UV-B exposure (Blaustein et al
2004; Covm and Muths 2004). Integration of information on
lethal and sublethal effocts of UV-B throughout an amphibian’s
life cvele with demographic models will bring the phenome-
ron inte a population dynamics framework (Biek et al. 2002;
Yomesh and De la Cruz 20020

Disease Pathogens

Pathogens may cause declines and disappearances of amphib-
ian populations. There was little evidence for this hypothesis
until a pathogen new to science, Batrachochytrium dendrobitides
(a chytrid fungus), was found in dead and dying frogs collects
ed in the mid-1990's from declining populations in Avstralia
and Panama (Berger et al. 1998; Longceore et al. 1999]. 8. ders
drobalidis attacks omly tissues that contain keratin, which 0=
clude the mouthparts in anuran (frog and toad) tadpoles and
the skin in salamanders and metamorphosed anurans {Berger
et al, 1998; Bradley et al. 2002; Davidson et al. 2003). Research
to date suggests that chytrid infections cause Little or no mors
tality of anuran tadpoles or salamanders, although it can de=
crease the growth rates of the former, making them more stss
ceptible 1o predators or ather stressors (e g., Davidson etalks




200% Parris and Beaadoin 2004}, B. dendrobatidis can kill meta-
morphosed [rogs, cither by producing a toxin or by interfering
wilh skin funcbons such as respiration and osmeregulation
(e.g.. Borger et al. 1998; Rachowicz and Yredenburg 2004),
Batrachochgrinm dendrobatidis has been isolated from other
frog pupulations undergoing mass martality evenls associat-
ed with population declines and disappearances, including
R yovopaensis, B chiricthugnsis, and H. arenic el I Arizond
{Bradley et al. 2002}, the midwite toad (Ahgtes obsfefricans) in
Pefinlara Natural Park, Spain (Bosch et al. 2001; Martinez-
Solano et al. 2003h), and (retrospectively, using preserved
specimens) several species in Las Tablas, Costa Rica {Lips et
al, 2003a). Tt has also been isolated from populalions nol
known to be in decline, including liger salamanders in Ari-
goma {Davidson et al. 2003), Literia roilcoadd or juryeuy (faxon-
omy uncertain in Australia { Retallick et al. 2004), and Xenopis
- Jigriisan southern Atrica (Weldon et al. 2004). Many individu-
als in {hese populations had light infections and appeared
healthy. Antimicrobial peplides located in the skin may pro-
vide some species with natural defenses against B, dendrofa-
tidis (Rollins-Smith et al. 20024, b). Envirommental conditions
insome locations may not be favarable for the fungus, Por ex-
ample, B. dendrobatidis can grow and repeoduce at tempera-
tures of 4°C-25"C, whereas growth ceases at 28°C and 50
martality occurs at 30°C (Piotrowski et al. 2004). This may ex-
plain why amphibian population declines and disappear-
ances associated with chytrids have been observed in cool
tropical montane areas (Berger et al. 19498; Lips et al. 2003a),
b '_ Aok in ropical lowlands where temperatures are often
above 3(1C.
- Several scenarios for (he association between chytrid fun-
infection and population declines and disappearances are
sible: (1) amphibians have long coexisled with B. dendrob-
and observed population changes are cyclical phenome-
t previous researchers may not have noticed; (2] am-
5 have long coexisted with B, dendrobatidis, but
lal change or stress has made them move suscepti-
the fungus or the fungus more pathogenic to the am-
sand (3] 8. dendrobatidis is a novel dlsease recontly in-
d [0 susceplible populations around the world through
Activilies such as the pet brade.
ario 1 would fullow that of many wildlife discases, in-
 fanaviruses in North American tiger salamanders and
Kingdom common frogs (Daszak et al. 2003). This
0 is considered unlikely for amphibian chytridiomyco-
e of the large magnitude of the pepulation changes
of recovery in many cases (Daszak et al. 2003),
miany ways in which an established coexistence be-
mids and amphibians may have changed over Hime, as
Mario 2. For example, increases in UV-B (Kiesecker and
I 1995), exposure to pesticides (Taylor ef al, 1999;
L al. 2003), or other stresses can result in immune-
and disease emergence. Climate change can induce
lising amphibians o aggregate atound water bod-
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fes and increasing their exposure to waterborne diseases such as
B. dindrotabidis (Pounds et al, 1999; Burrowes of al. 2004). hm-
munosuppression would be likely bo increase the prevalence of
many diseases, however, not just chyiridiomycosis,

Several pieces of data are consistent with the hypothesis that
A. dendrobatidiz s a novel pathogen that has recently been
spread around the world with the assistance of humans, For
four cases where B, dendrelitadic was associaled with popula-
fion declines and disappearances, chytrids could not be detect-
ed in musewm samples collected prior to the population crash
(Berger el al. 1998; Fellers et al. 2001; Lips et al, 200Ga), Thsease
would have to have been very prevalent to allow detection
Fronm the small number of samples thal were available, howey-
er (Lips et al. 2003a). Little genetic variation has been found so
far in B dendrotutdis collected around the world, although ad-
diional work is needed (Morehouse ¢l al. 2003} Two amphib-
ians that have been transported all over the world, the Ameri-
can bullfrog (Rang cafesbeiona) and the African clawed frog
[ Xenopaes liewss), are carriers of B, dendrobalidie (Daszak et al,
2004; Hanselmann ef al. 2004; Weldon et al. 2004, 'The sudden,
catastrophic nature of some declines and disappearances also
suggests an introduced pathogen {Daszak et al, 2003).

If the chytrid is novel to mosl areas, where might it have
eriginated? Some workers suggest it is endemic in populations
of Xenopus in Africa (Weldon et al. 2004), The earliest docu-
mented case of chytridiomycosis was ina X larpis collected in
South Africa in 1938 (Weldon et al. 2004). The chytrid seems (o
have a benign relationship to this species, and X. loeots is a
popular laboratory animal exported worldwide beginning
with its use in pregnancy tests in the F450s,

Introduced Species

Fredation and competition from introduced species other than
pathogens may have caused declines of some amphibian pop-
ulations in isolated, seemingly protected areas. Fur example,
the introduction of rout for sport-fishing is thought to have
been an important factur in sume disappearances of frogs in the
Sierra Mevada of California. All but 20 of the 4131 mountain
lakes of the state were fishless in the 1830s, as were mosl high-
glevation streams in the Sierra (Knapp 1998} Stockmg
Yosemite Mational Park reached a peak of a million fish each
viar in the 19505 and 159405 (Drost and Fellers 1996). Stocking,
has recently been reduced in the Sierra Nevada and discontin-
ued in the region’s national parks, in part because of concern
about its effects on amphibians {Uarey et al. 2003,

The best-documented effects of introduced fishes are for the
mountain yellow-legged frog (Rema imuseesa). Tt was once a
common frog in high-clevalion lakes, ponds, and streams of
the Sterra Nevada (Grinnel] and Storer 1924), but disappeared
From over 85% of historical siles in the Sierva (Bradtord et al,
1994b; Drost and Fellers 1996; Viedenburg 2004}, Rang tscoss
has a larval period of 1-4 years in the Sierra, and therefore re-
quires permanent bodies of water, as do fishes (Wright and
Wright 1949; Knapp and Matthews 2000). There is a strong
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negative association between the presence of fish and of R.
nuuseosa, even when habitat type and isolation are taken into
account (e.g., Bradford 1989; Knapp and Matthews 2000). Den-
sities of K. muscose are low in the few sites where it does ¢o-
oecur with fishes (Knapp and Matthews 2000; Knapp el al.
2001; Vredenburg 2004), Rana muscosi recolonizes lakes from
which fishes have disappeared (Knapp ct al. 2001) or have
been temoved exporimentally (Vredenburg 2004; Figure B).
Although introduced fishes can account for the disappear-
ance of B muscosi from some sites, K mmscosa also disappeared
from lakes without fishes in Sequoia, Kings Canyon, and
Yosemite Mational Parks (Bradford 1991; Bradford et al. 19945;
Dirost and Fellers 19945), Furibermore, some disappearances oc-
curred during or after (he late 1970s, after fish stocking was an
the wane, One school of thought is that these other disappear-
ances are an indirect resull of fish introductions (Brad ford
1991; Bradford et al. 1993; Knapp and Matthews 2000; Vreden-
burg 2004). According ko this hypothesis, R moscoss exists in
metapopulations in which populations sometimes go extinct
due to natural stochastic processes such as winlerkill, drought,
disease nutbreaks, and predation. Sites arc then recolonized by
individuals migrating along streams. Stocking of fishes in lakes
and streams has reduced the number, size, connectiviby, and
average habitat quality of R miescosa populations, however,
Thus, populations are now more likely to go extinet, and less
likely to be recolonized if they do. The time lag between fish
stocking and the disappearances of some populations i the

9
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“extinction debt” predicted by metapopulation theory (Hans-
ki 1998; Hanski and Ovaskainen 2002),

Introduced fishes and bullfrogs (Rana cotesbeipng) are
thought te have contributed to widespresd range reductions of
lowland vellow-legged frogs, Kana boylit (Haves and Jennings
1986; Kupferberg 1997) and red-legged frogs, Kono aurora
(Adams 2000; Hayes and Jenmings 1986; Kaesecker el al. 2000h)
in the western ULS, Their role is difficult to evaluate, however,
because fish introductions, bullirog introductions, and habitat
alterations have occurred concomitantly actoss the landscape
(Hayes and Jennings 1986]. Several experiments have suught
to disentangle these factors, Kupferberg (1997) found that bull-
irog tadpoles outcompeted R. boylii ladpoles, and documented
that breeding populations ot R hoyliy were greatly reduced in
a stretch of stream that was unaltered except for the presence
of R, cafestetani. Experiments with R, aurora and native Pacific
treefrog (Peeudacris regilla) tadpoles concluded that divect el
fects of the introduced species were less imporiant than the
widespread conversion of temporary ponds to permanent
ponds, which provide betller habitat for the introduced than
the native specics (Adams 2000}, Kiesecker ot al. (2001b) found
that these habitat alterations intensified compeliion between
R aurprn and R cafestviona tadpaoles,

Negative relationships bebween the distribution of intro-
duced fishes and the distribution and abundance of other am-
phibians have also been found, including the Pacific trectrog
[Pseudacris regilla) in the Sierra Wewvada (Matthews et al. 2001)
and most native species in the mountains of
northern Spain (Brana el al. 1996; Martinez-
Solano of al. 2003a). The effects of fishes on R
regitla and other species are apparently local-
izedl, perhaps because they use some habitats
thal figh cannal, such as ephemeral ponds and
torrestrial areas, which may ameliorate land-
scape-level effects of fish stocking (Bradford
1959 Matthews el al. 2001 ). Bufo bovreas and 8,
canorus frequently breed in fishless fomporary
pondds and produce toxins thal fish avoid {Brad-
tord 1989; Drost and Fellers 1996) and these
fishes may have little attected their declines. Bes
cause Hshes have been introduced into nearly
all montane systems on the planet, the possibil
ity of impacts oxists for many amphibian

species, most of which are as vel unstudied.

1956 a7 1994 1999 2000

Figure B Dlensity of larval R moconsn in 21 Lakes in the Sierra MNevada, California,
fromm 1996 to 2003, Filled triangles represent trout removal Lakes (i = 3), and numbuis
carmespond fi individual lakes, Open circles Incicate fishless conbrol lakes [0 = #). The
horfzental bars beneath the graph indicate the time period over which froat wene ne-
mioved. R pecesn had not yel recolonized lake 5 atler trout were remuoyed in 2007,
Control lakes with trout {rm = 8} never had any Frogzs present during the duration of
the study. Mo tadpole counts were made in 2002, [Medifed from Vredenbueg 2004.)
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Chemical Pollutants

Posticides, herbicides, heavy metals, and othet
chemical pollutants can have lethal, sublethal
and indirecl effects on all OTganisms, including
amphibians (Sparling et al, 2000; Blaustein E‘iﬂ?
2003a; Linder et al. 2003). Chemical pollution
might seem to be a minor threat in isolated, F"#
tected areas; however, chemical contaminafis
may be transported long distances through at




mospheric processes, Further, extremely Tow, supposedly safe
doses of chemicals can harm biota (eg., Marco et al. 199% Ke-
Ivea and Mills 2001 ). For example, exposure to (1.1 ppl uf the
herbicide atrazine causes gonadal deformities in northern
leopard frogs (Kt plviensy and Alrican clawed frogs [ Xeiwpis
lnevish, whereas the LS. drinking water standard for atrazine
15 3 ppb (Hayes et al, 2003, Haves 2004).

The best-documented connection bebiveen long-distance
transport of chemical pollutants and enigmatic changes in am-
phibian populations is in Califormia, Prevailing winds transport
pesticides and vther contaminants from areas of inlensive agri-
culture in the Central Valley to national parks, forests, and
wilderness arcas in the Sierra MNevada {Pellers et al, 2004; LeMNoir
et al. 1999; Sparling et al. 2001). Disappeatances of Rang aurora
dringtonld, Ko oyl B, cosoadae, and B msresa populations in Cal-
ifurnia are corrclated with the amount of agricultural land use
and prsticide use upwind {Davidson et al. 2001; Davidson 2004).
Rarii ituscosd that were translocated o an area of Sequoia Na-
twmal Pack from which they had disappearcd {despite the ab-
sence of fish) developed higher tissue concentrations of chlur-
danes and a DOT metabolite than were found in persisting 7.
miscosi pupulations 30 km away (Fellers ef al. 2004),

These studies pronnde correlative evidence that pesticides
contributed to declines and disappearances of amphibian pop-
ulations in the Sierra Mevada. Acceptance of this hypathesis
will require additional evidenre conmecting the presence of
pesticides and their effects on individuals to effects on popula-
tivms, This connection cannot be assumed. For example, leop-
ard frogs remain abundant in many areas highly contaminat-
od with atrazine in spite of this herbicide's negative effects on
reproductive organs (Hayes et al. 2003). Tnleractions bebween
pesticides transported long distances and other factors have
beon suggested as a cause of amphibian declines and disap-
pearances in other protected areas, including Monteverde and
Las lablas, Costa Bica (T'ounds and Crump 1994; Lips 1998}
and The Reserva Forestal Fortuna, Panama (Lips 1949, bt re-
main litle mvestigated at these sites,

Acid rain is anether type of pollution that could affect am-
phibian populations in isolated areas (Harte and Hoffman

iy (1

Ambrgston dpaoidim

3000 S1Z00 0
4 10,000 (
2000 = RO0n 200 —
o
1000 {4000 1m0
| 2000
0 n n ﬂ* .

Antbyslont tgriuar

Threals to Biodiversitv a7

R0y, Chermical analyses of waler samples in several rogions,
however. suggested that acid precipitation is an unlikely causal
factor (o, g.. Richards et al. 1993, Bradford et al, 1994a, Vertuecd
and Corn 1996,

Natural Population Fluctuations

Population sizes of amphilians, like those of many other taxa,
may fluctuate widely due fo natural causes. Drought, preda-
tion, and other natural factors may even cause local extine-
Homs, necessitating recolunization from other siles. Some de-
clines and disappearances of amphibian populations in areas
little affected by humans may be natural occurrences from
which the populations may eventually recover, provided that
source populations exist elsewhere in the general area
i Blaustein et al. 19945; Pechmann and Wilbur 1994). Matural
processes may acoount for declines and extinctions in the At-
tantic forest of Brazl (severe frost and drought, Heyer et al.
1985; Weygoldt 1989), and the loss of some montane popula-
tions af the northorn leapard frog in Colorado {drought and
demographic stochasticity, Com d.nd Lugleman 1954), Malural
fluctuations may also interact with human impacts, resulting
in lusses from which recovery is unlikely.

Pechrmann et al (1991 ) used 12 vears of census data for am-
phibians breeding at a pond in Seuth Carolina to illustrale how
extreme natural fluctuations may be, and how difficult it can
be to distinguish them from declines due to human activities
{Figure ). Even “long-term” ecological studies rarely capture
the full range of variability m population sizes (Blaustein et al,
1994b; Pechmann and Wilbure 14994), Formulating “null mod-
cls" of the expected distribution of trends inamphibian popu-
lations around the world, against which rerent losses may be
vornpared, 15 a challenging task (see Pechmann 2003 for a re-
view). For example, populations in which juvenile recruitment
is more variable than adult survival may decrease more often
than they increase, because the average increase is larger than
the average decrease (Alford and Richards 1999), The cxpecta-
tion for these populations is that more (han half will exhibit a
decling over any given Hme interval even 1t there is no true
averall trend.

Figore © Motural Hucluations in popa-

- 124 ek :
lation size of two spedes of salamandens
J1nna in a temporary pond, Rainbew Bay,
: South Caralina From 1979 b 1990 Mam
o bers of both broeding feomales (black
i s baes, lell axis) and metamorphosing ju
veniles (gray bars, right axis) vary great-
a0 Ly annwally, and some species disappu
frowm and reappear in the system. fom-
- 400 bars in the Agure refer to extremuely Lo
comrts uof 3 or fewer individuals, Such
200 speu_'ies may be poor choices as indica-
toms for thae lacger system sinee Fhair nat-
nlg ural population fluctuatioms ane so large.

[Modified from Pechmann et al. 179970)
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Climate Change

Changes in amphibian population sizes and distributions are
piten related to changes in environmental temperatures and
precipitation (e.g., Bannikov 1948; Bragy 1960; Semlitsch et al,
1996}, This vaviation has raditionally been viewed as natural
(Pechimann and Wilbur 1994). The effects of anthropogenic
greenhouse gas increases on global climates suggest alterna-
tive iterpretations in some cases, however,

Some of these allernatives are mediated by the possible of-
fects of greenhouse warming on the B Nifo/ Soathern Oscil-
lation (FNSOY, a cvclical warming (El Nife) and cooling (La
Nifia} of the eastern ropical Pacific. Kiesecker et al. (2001a)
found that during Fl NiAo events, precipitation in the Cregon
Cascade Moantains was low, resulting in low water levels al
Bufo boress breeding sites. The shallow water afforded toad
egps little protection from UV-B radiation, which increased
their vulnerability to a pathogenic fungos (Saprofagma ferax),
cansing high mortality, Kiesecker et al, (2007a) hypothesized
that If global warming is increasing the intensity and frequen-
ey of Bl Nifio comditions; this may result in amphibian popula-
tion declines via scenarios analogous to that eluridated by
their reseanch with western toads. The effects of global warm-
ing om Bl Mifo conditions remain unresolved, however {Cane
2005; Cobb et al, 2003, see Chapter 10),

The disappearance of the golden toad (Bufo geriglenes) and
other frogs from the Monteverde Cloud Forest Preserve in
Costa Rica in the late 1980s was associated with an Fl Nifo
event, as were subsequent cyelical reductions of some remain-
ing amphibian populations (Pounds et al. 19949), During L
Nifios, the height at which clouds form increases at Man-
teverde, reducing the deposition of mist and cloud water that
is critical to the cloud forest during the dry season. Pounds el
al. (1999} suggested that greenhouse warming has exacerbated
this El Nifw effect (see Case Study 10.3), citing a global climate
mode] simulation thal predicted warming will increase cloud
heights at Monteverde during the dry season (Still etal. 1999).
This model représents only @ crude proxy, because its spalial
resolution is oo coarse b explicitly mode) cloud formation on
a particular mountain (Lawton et al. 2001; Still et al, 1999). Re-
giomal almospheric simulations and satellite imagery suggest
that lowland deforestation upwind also may have increased
clond base heights al Monteverde (Lawlon el ak, 2001).

Atelopus iguescens and several other Alvlopus species are
theught b have disappeared from the Andes of Fouador doring
19871988, which included the most extreme combination of
dry and warm conditions in 90 years (Ron et al, 2003), Temper-
atures in this region increased 2°C over the last century, proba-
by langely due to greenhouse warming (Ron ef al. 2003), Other
studies alst have detected associations belween enigmatic de-
chnes and disappearances of amphibian populations and tem-
perature and precipilation ancmalies (Lavrance 1996; Aleander
and Eischeid 2001; Burrowes et al, 20041 In these cases the
anuinalies were within the range of natural variation, thusitis
urlikely that they were the direct canse of the amphibian losses,
although they may have been a contributing factor. Global

warming has been associated with earlier breeding of some am-
phibian species (e.g,, Beebee 1995; Gibbs and Breisch 2001). Al-
though these phenological thanges could potentially result in
demographic or distributional changes, there is no evidence that
they have to date, excepl when earlier breeding is associated
with dry conditions as for western ads in Oregon (Blaustem el
al. 2003k, see also Corn 2003; Kiesecker et al. 2000 a),

Subtle Hahitat Changes

Sublle habitat changes are an understudied potential cause af
enigmatic losses of amphibians. For example, fire supprossion
i Lassen Voleanic National Pack, California, has allowed on-
croachment of trees and shrubs in and around open meadow
ponds, streams, and marshes, rendering these sites unsuitable
for Rann cascadae breeding (Fellers and Drost 194931 Pond
canopy closure is known to have local effects on amphibian bio-
diversity elsewhere (Halverson et al. 2003; Skelly et al. 1999),
Construction of dams in the Sierra Nevada has altered lemper-
atures and hydrological regimes downstream, malking the habi-
tat imacceptable for Rona boyli breeding (Jennings 1996).

Conclusions

The cucrent thinking of the majority of vescarchers is that there
are many interaching causes for enigmalic amphibian losses,
Creal challenges fare those studving declining amphibian
populations in scaling individual effects to the populabion
lewel, Purther challenges indude directly testing hypotheses
formulated from correlative studies with well-designed feld
experiments to chucidate those mechanisms that are driving
the: perceived patterns of decline, Symergistic studies can start
by dealing with individual phenomena such as the effects of
introwluced species, and from this foundabon scale up to in-
clude multiple factors,

Meanwhile, is there nothing we can do to combat these de-
clines? Mot at all. A good example is the rapid rebound of
Rang nuscos populations following trout removal in the high
Sierra Nevada (Vredenburg 2004; see Figure B, Management
changes are most likely to be put into effect when direct evie
dence of the phenomenon has been demonstrated; as has been
the case in large national parks in California where fish res
moval is being actively pursued. Even though fish do notexs
plain all of the declines detected, removal of fishes nonetheless
has a salutary etfect.

A greater challenge is the infechious disease problem, espes
cally chytridiomycosis, Whereas adull Rom tuscosa watle
chytridiomycosis in the laboratory invariably die, field studies
have shown that some infected adults can survive the summer
(ata mindmum under cerfain circumstances in the feld :
g5 ot al. 2005). Models indicate that survival of at least some:
fraction of infected post-metamorphic individuals is crucial
the persistence of populations | Briggs et al. 2005), and stucses
in progress should help us understand what factors dmaﬂﬂ*
aled with survival of infected individuals in this and GERES
species, Achieving a balance bebween scientific understil’im

i

of problems and conservation action is a continoous o



