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ABSTRACT

Through intensive fieldwork along Cordillera de la Costa in Central Chile, basic biological data related to
habitat loss and its possible impact on the diversity of amphibians (frogs and toads) were collected, with
special emphasis to the situation of the critically endangered spdtiesiermaufum Social surveys,

physical, chemical and biological data appraisals led to proposal a hypothesis regarding the conservation
status of ten frog speciesThe most consistent explanation for species low numbers and near extinction

of Rhinodermarufum appears to be lack of suitable habitat because replacement of native forest with
exotic species; added to the loss of water sygpig their synglism with frog life strategies. Despite

these results, and based on anecdotal observations, some hypotheses are pointed out explaining the
chance of finding specimens &. rufumin remnant Coastal Range forest.

Key words: endemic frogs, habitat degradation, declining popul&itnpdermaufum, South Central
Chile.

RESUMEN

Mediante trabajo de campo intensivo a lo largo de la Cordillera de la Costa en Chile central, se recogieron
datos bioldgicos basicos relacionados con la pérdida de habitat y su posible impacto en la diversidad de
los anfibios (ranas y sapos), con especial atencién a la situacion de la especie en peligro critico
Rhinoderma rufumLas encuestas sociales, y la evaluacion de datos fisicos, quimicos y biolégicos
condujeron a proponer una hipétesis sobre el estado de conservacién de 10 especies de rana. La
explicaciéon mas coherente para los nimeros bajos y casi extincnrdfaumparece ser la falta de

habitat adecuado debido a la sustitucion del bosque nativo por especies exéticas; afiadido a la pérdida
de agua, y su singia con las estrategias de vida de las rahgsesar de estos resultados, y sobre la

base de observaciones anecdéticas, se proponen algunas hipotesis para explicar la posibilidad de
reencontrar ejemplares & rufumen remanentes de bosque nativo de la Cordillera de la Costa.

Palabras clave: ranas endémicas, degradacién del habitat, disminucién pobRbionderma rufum
Chile Central.
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INTRODUCTION awareness (Pechmann et al. 1991, Collins &
Halliday 2005, Lips et al. 2006Among a long

Among Coastal Rangge'woody ecosystems list of threats (see wwwucn.og), habitat
of Central Chile, five different forest degradation and synergisms between two or
formations have been differentiated from nortinore alterations, emerge as the most
to south: desert steppglerophyllous forests distressing factors to frog’survival (IUCN
maulino forest, sclerophyllous bushes, and010a). In many extreme cases this implies a
Nothofagusforest (Formas 1979; Donosoloss of the ecosystemi'functionality and
1982) Although each one possesses their owgsilience (Grant et al. 1994, Chapin et al. 2003,
dynamic, floristic and faunistic components, a&ibbs 2008). In this storyline, Smith-Ramirez
a whole they are included within the Chilear{2004) has brought attention to the loss of
winter rainfall forest biodiversity hotspot biodiversity and endemism in the Chilean
(Myers et al. 2000). Cei (1962) and Forma§oastal Range (40° to 42° S) due to native
(1979) documented ten anuran species forest degradation. Not surprisinglgt least
partially overlap Alsodesnodosus(Duméril ~ six of the frog species above mentioned has
& Bibron 1841),A. vanzoliniiDonoso Barros been categorized as Threatened (IUCN
1976, Batrachylataeniata Girard 1854, 2010b); furthermore, specimens Rf rufum
Eupsophusseptentrionalisibarra-Mdal, has not been collected since 1981 being
Ortiz & Torres-Pérez 2004&. queulensis catalogued as Critically Endangered (A2ace)
Veloso, Celis-Diez, Guerrero, Méndez, lturrdepresenting a major concern in this study
& Simonetti 2005, Rhinella arunco However ecological impacts on amphibians
(Guichenot, 1848)Rhinoderma darwinii assembly as a result of progressive
Duméril & Bibron 1841)] or fully overlapping deterioration of native forest along the
their distribution range within this areaCordillera de la Costa (67 % from 1975 to 2000)
[Calyptocephalellagayi (Duméril & Bibron (Gonzalez-Espinoza etal. 2007), are still largely
1841),Rhinodermaufum (Philippi 1902) and unknown.

Pleurnodemathaul (Lesson 1826)]. Bio-ecological base line data attained in 10
At these Coastal Range latitudes (33° - 3feldwork campaigns (s€Eable 1) conducted
LS) water is naturally scarce (Oyarzin et abetweerAugust 2003 and December 2009 are
2003, Falvey & Garreaud 2007). Consequentianalyzed herein. Thus, assuming that in
native frogs display at least four differentdegraded places, water availability is scarcest
reproductive larval adaptive strategies (Formdsan in well preserved ones (Little et al. 2009),
1981, Cuevas & Cifuentes 2009) along thi# this work it is hypothesized that a negative
area; which are strongly determined by locagynergism occurs between free larval adaptive
rainfall and temperatures, all linked tostrategies and degraded habitat conditions.

predominant seasonal weatHarthis context,

ancient wooded formations historically have

played a key role in safeguarding this reduced MATERIAL AND METHODS
assemblage of endemic anuran species

maintaining habitat, environmentalSudy aea

heterogeneity and suitable micro—climati(;l_his research was conducted along Coastal

conditions (Gutiérrez & Squeo 2004). )
Currently amphibian declining has becomeRange forest of Central Chile (32° to 37° S)

a worldwide scientific and public matter of(F.'g' 1). This area 1 mclu_ded into the seml
arid and sub humid Mediterranean regions



Forest Localities Coordinates Rch  An AvAspl Asp2BI Bt Cg EQ En Es Er Tb Ta Rr Rd Pt
D. Steppe Zapallar* (1) 32034’ S; 71°28' W - 5 - - - - 0 0 - - - - - - 0 -
LagunaVerde (4) 33°06’ S; 71°39° W - 15 - - - - - - - - - - - - - -
La Campana (3) 33°02' S; 71°15° W - 3 - - - - 0 o - - - - - - - - 5
Aguas Claras (2) 32°33' S; 71°26’° W - 11 - - . - 4 1 - - - - - - - - 12
Scl. Forest Q. Ranguili* (9) 34%0' S; 71°15° W 2 0 - - - - 0 1 - - - - - - 0o - 16
Barranca Alta* (7) 34°41' S; 71°43° W 0 2 - - B - - 0 - - - - - - 0 - 7
Nilahue Alto* (8) 34°41' S; 71°35' W 0 3 - - - - - 0 - - - - - - 0o - 0
Tanumé (6) 34012’ S; 71°57° W 0 2 - - - - - 0 - - - - - - 0o - 0
Vichuquén* (10)  34°53’ S; 71°58W 0 2 - - - - - 4 - - - - - - 0o - 5
Scl. Bushes  Villa Alhué (7) 34°00" S; 71°14° W 1 0 - - - - - 0o - - - - - - 0o - 0
M. Forest Los Ruiles (12) 35°59' S; 72°14' W - 0 - 4 - - - 0 8 - - - - - - - 6
Los Queules (13) 35959’ S; 72°41' W 5 0 - 10 - 18 - 8 7 - 24 - 13 - - - 12
Trehualemu (11)  35°56’ S; 72°43' W - 0 - 7 - 0 - 0 0 - - - - - - - 17
Noth. forest Chiguayante* (16) 36°51' S; 72°59' W 0 - - - - 0 0 0 0 - - 15 - - 0 0 9
Ramadillas* (17) 37°18' S; 73°17° W 0 - 5 - - 12 6 0 0 12 - - 0 - 0 0 9
Nonguén (14) 36°46’ S; 73°03' W 0 - - - - 6 5 0 0 - - 5 - - 0 0 7
SP Tregua (15) 39°36’ S; 72°03' W 0 - - - 12 10 9 0 0 - - 25 - 4 - 5 15

TABLE 1. SUMMARY OF SUR/EY LOCALITIES DATA (COORDINATESAND REGIONS)AND NUMBER OF SPECIMENS DETECTED DURING
THE FIELDWORK. * Places wherR. rufumwas previously collected. Note: Number among parenthesis indicate the locality name assig
in yellow in the map (A) in figure 1. % Species never detected, 0 species reported but not detected in. thissldpdes nodosysyv =
A. vanzolinij Aspl= Alsodesspl.,Asp2= Alsodessp2, Bl =Batrachyla leptopusBt = B. taeniata Cc = Calyptocephalella gayiEs=
Eupsophuseptentrionalis Eq=EupsophugjueulensisEn=EupsophusahuelbutensisEr = Eupsophus roseu®t =Pleurodema thaulRr
= Rhinoderma rufum

seaan)d

hed

Resumen de datos de las localidades prospectadas (coordenadas y regions) y nimeros de especimenes detectados en el trabajo de campo.R. tufiandsedooldetado previamente.



Anuran diversity

Euralypitiz globuius
B Acaca mafanoxyion

~C-HLLE

ARGENTINA

50 km

PACIFIC OCEAN

FIGURE 1: MAPS OF CENTRAICHILE SHOWING IN:A THE SAMPLED LOCATIONS ALONG
COASTAL RANGE,AND IN B THEAREA COVEREDWITH EXOTIC PLANTATIONS OFPinusAnd
EucalyptugCoincidingWith R. ufumRANGE. INFERIOR RIGHTFRAME SHOWSA R. ufumphoto.

Mapa de Chile central mostrando en: A los lugares muestreados a lo largo de la Cordillera de la Costa, y en B el &rea cubierta con plantaciones
exéticas dePinusand Eucalyptuscoincidiendo con la distribucién de. rufum Recuadro inferior derecho muestra una fotdRdeufum

sensu Di Castri (1968). It presents averagaredominantly land uses (70%)riculture is
annual temperatures among 15.6 and 22.1°@evoted to wine-related activities (10%) fruit
and an annual mean rainfall ranging from 424 .@ulture (5%) and other food production
mm to 942.8 mm (Di Castri & Hayek 1976).activities. The forestry industry is devoted to
Hottest months extends from November t®inus radiata D. Don andEucalyptus
February (25° C average temperature), arglobulus Labill and to a minor scale to
the coldest from March tAugust (7° C). Populus albalL. plantations (Fig. 1B). The
Woody formations considered in this study ar@ild grassesEquisetum bogotenskunth,
located between the drainage of the Biobibamium albuni. andSylibum marianunglL)
and the Aconcagua Rivers. Human Gaertn are very common at the border of
settlements (cities and small villages)stream or humid areas.

agriculture, and forestry activities are



Cuevas

Fieldtrips, sampling and collection efforts Habitat quality assessing

Among September of the year 2003 ané{egetation and the richness for each site it
December of 2009, 17 localities were surveeri"E‘S_de'[ermlned usilng a qualltatlve, scale
(Fig. 1A). Sexagesimal co-ordinates (Datunj®"9'"N9 from one to. five (Coneza Ferpandez i
WGS 84) were obtained with a GPS (GlobayItora 1997)’ W'th One gqu'atl'ng_ to
Positioning System) @ble 1) Ten of the sites monos.pemf!c vegetation and _Flve indicating a
were selected based on historical specidddh diversity of plant species. In order to

distribution (1918-1981) @ble 2) and voucher analyse the results, survey localities were
specimens information &ble 3) forR. rufum classified as degraded and conserved places.

(Instituto de Zoologia Universidatiustral: # degraded place was that which lost an
IZUA and Zoologishes Forschunginstitut'mportam fraction of their original vegetation

Museum Koenig: ZFMK), as one of theCOmMponents (1to 2.5), and therefore, also their
purposes of this research was to re_ﬁnaapacityto generate a propitious micro climate

specimens of this species. Seven additionl’ fog’s life. In contrast, a conserved place
yvas that which nonetheless to be altered,

localities were selected using additional”®? ™ . ) | 551
bibliographic sources accounting for the totarlna'nta'n, hative vegetatlon € ements'( =110
allowing water production and moisture.

anuran fauna described for this area up to da@f

(Table 2).

Forest ecosystem Taxa References

Desert Steppe Rhinella (1 sp) Calyptocephalella(l sp) Philippi 1902, Cei 1962,
Pleurodema(1 sp) Batrachyla(1l sp) Formas & Brieva 1999

Sclerophylous Forest Alsodes(1 sp),Rhinoderma(l sp), Barros 1918, Cei 1962,
Rhinella (1 sp), Calyptocephalella(1 sp). Formas et al. 1975, Formas
1979, Diaz &Veloso 1979.

Maulino Forest Alsodes(1 sp), Eupsophug(2 sp), Cei 1962, Formas 1979,
Pleurodema(l sp),Calyptocephalella(1 sp). Ibarra-Mdal et al. 2004\Veloso et al. 2005.

Sclerophylous shrub  Alsodes(1 sp), Pleurodema(l sp), Cei 1962, Philippi 1902,
Calyptocephalella(1 sp),Rhinella (1 sp). Navarro & Veloso 1988.

Nothofagusforest Alsodes(1 sp),Batrachyla (3 sp), Formas 1979, Cuevas &
Rhinoderma(2 sp), Eupsophus(2 spp), Formas 2005, Cuevas &
Calyptocephalella(1sp), Pleurodema(l sp), Ugarte 2008, Cuevas &
Rhinella (1 sp), Telmatobufo(1 sp). Cifuentes 2009.

TABLE 2. SUMMARY OF THE FORESTECOSYSTEMS, FROG'S GENERAND SOURCES OF
PREVIOUS DAAIN THE STUDYAREA.

Resumen de los ecosistemas boscosos, géneros de ranas y fuentes de datos previos en el area de estudio.
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Locality Region of Chile N° catalogue N Source

Zapallar De Valparaiso 1ZUA 1800 1 Formas et al.1975

Santiago (Zapallar) De Valparaiso ZFMK 8344-8349 6 Busse &Werning 2004
BarrancaAlta De O’Higgins 1ZUA 1294-1297 4 Torres & Castillo 1973

Vichuquén De Maule ZUA 1323-1332 10 Philippi 1902, Formas et al. 1975
Cerro Caracol Del Biobio 11ZUA 535 8 Formas et al. 1975

Chiguayante Del Biobio IZUA 1235-1249 14 Formas et al. 1975

TABLE 3. SUMMARY OF LOCALITIES,VOUCHER SPECIMENS ORHINODERMARUFUM IN
CENTRAL CHILE,AND LITERATURE SOURCE OFHESE DATA. IZUA= Instituto de Zoologia
UniversidadAustral de Chile, ZFMK = Zoologische Forschungsinstitut und Museum Kdéenig.

Resumen de las localidades, nimeros de catalogos de los especimenes de Rhinoderma rufum en Chile Central y fuente literaria de estos datos.

Physical parameters such as stream wateather each researcher covered a transect
temperature (T°), air temperature and relativieying to complete a similar collection tine
humidity (HR) were obtained with an alcoholevoke mating calls d®. rufums males, during
thermometer (graduated -15 to 50°C) whichreeding season a male calling playback was
was submerged during 10 minutes to obtainexecuted six times for 10 minutes (60 minutes)
reliable measure, and a digital hygrometewith 5 minute intervals.

Related chemical parameters such as water Based on fieldwork data the following
pH and dissolved (oxygen),@ere registered diversity indexes were determined. 1
with a portable pH-meter only in those place&fficiency ofdetection Ed = N/Np x 100;
where small streams or springs were presenthere: N = number of captured species, and
UV-B measurements were obtained fronNp = number of potentially present species
www.meteochile.cl (Meteorological Direction (Corn & Bury 1990). 2Specific diversity
of Chile). DMg = (S-1)/InN, where (S-1) = total number
of species, and N = total number of collected
individuals. 3Density of species): Spp/A
Sampling and Data analysis the number of species or individuals by unit of
area (Heyer et al. 1994).
In each locality samplings in random  Inorder to evaluate the impact of the habitat
guadrants (20 x 20 m) were carried dime- quality on the amphibian diversity along the
limited searches for adults, juveniles andtudy area a multivariate non metric
tadpoles in the water (hand nets) wereultidimensional scaling (NMMDS) analysis
performed for 60 minutes in three related areasias developed with the prograd®T V 2.00
a) forest, b) prairie, and c) ecotone. In eac{Paleontological statistics) to assess: a) frog
place, three replicates per each type of sampiéversity (species) v/s forest ecosystem; b)
were done, an effort that demanded at leaBbgs composition v/s degraded and conserved
two days per site. In highly heterogeneouplaces; and c) frogs larval strategy v/s
areas collections were not time-constrainediegraded and conserved places. Larval
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strategy follows Cuevas & Cifuentes (2009Jocalities, following byA. nodosug36.36%),
where LMS (Lenthic mountain stream)andC. gayi(18.18%). Eggs and tadpoles in
AlsodesLeMS (Lothic mountain stream with the border of streams were recorded For
mouth in like sucker formjelmatobufoLFTL  nahuelbutensijsandP. thaul In a swimming
(Lenthic free tadpole in permanent ponds witpool in Ranguili, eggs oRhinella arunco
a large period to reach the metamorphosig)ere detected. First time records were
Calyptocephalella Batrachylg LFTSh obtained forA. nodosusn BarrancaAlta,
(Lenthic free tadpole in temporal ponds withvichuquen, and Nilahuglto; for Batrachyla
warm water with very short larval period)leptopusand Telmatobufo ignotu€uevas,
Pleurodema Rhinelly DD (Direct 2010 in Los Queules; and an unnamed species
development, Neomely) Rhinoderma of Alsodes(called hereA. aff vanzolinii
darwinii; ID (Indirect development), R. pecause chromosome attributes) in Los Ruiles,
rufum; TD (Terrestrial development, | os Queules, andanumé.The only species
nidiculous) Eupsophus never detected during the fieldwork wRs
_The non-metric MDS was complementeqyfum.However according to dateegisteed
with an analysis SIMPER («Similarity (Table 1) during fieldworkR. ufummight be
Percentages-species contribution») to eagB found in Barrancalta, NilahueAlto, and

previous analysis, in order to evaluate thgpigyayante. Seven populations could not be
percentage of similarity of the fauna betweeg,ng again and are likely extinct.

different sampled localities based on the
similarity matrix calculated with the coefficient ayback stimulation
of Bray-Curtis, previous transformation of the

data with double square root (Zar 1999)  \yhen mating call was played outdoors to

evoke the presence &. rufum positive
results were not obtained. Frog call responses
corresponded mainly to males Blipsophus
roseus (Nonguén), E. queulensis(Los
Queules),Batrachyla leptopugRamadillas),
fand Pleurndema thaulRanguili)

RESULTS
Collection efforts and species richness

A 520 total man hours were logged for al
fieldtrips, with the greatest efforts being . o
displayed in BarrancAlta and NilahueAlto Habitat characterization
(48 hours/man in two days), Los Queules (6
hours/man in five days), and Chiguayante (6

hours/man in three dayg#).total of 14 anuran ! .
species belonging to five familiesand Ramadillas reached minimal values (1 to

(Batrachylidae Alsodidae 2), and only La Campana, Los Queules, Los

Calyptocephalellidae, Bufonidae, anORuiIes an'd San Pablo deegua (control site)
Leptodactylidae) (sensu Frost 2014), Wergll of which are protected areas, reach top

detected along the study area. Details of thVealues (5). Consequently classified by a woody

localities, genera, species, and amount &cOSystem the following localities were

specimens detected in each forest ecosyst&finsidered as degradeDesset Seppe
are presented ifable 1. Zapallar and Lagun&erde; Scleophyl

The most common species observed We(grest Barrancailta, Quebradas de Ranguili,
P. thaul, recorded in 72.2% of the total@Nd Nilahue Alto; Maulino Forest

ccording to Conesa Fernandea/Hora
1997) indexes, Barranddta, NilahueAlto
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TrehualemuScleophyl BushesVilla Alhué; Aristotelia chilensis(Molina) Stuntz, and
Nothofagud-orest: Ramadillas, Chiguayanteremnants ofAextoxicon punctaturRuiz et

In almost all these localities the native foregbav. forest. They all contained small
has been replaced by exotic commercial plamtatershed surrounded by wild native grasses
species Pinus radiata and Eucalyptus and bushes.

globulug and also exotic bushes such as Measures of physical parameters (water
Rubussp., Rosaaff. rubiginosa Spartium and airT®) (Table 4) were relatively high.
junceumand Ulex europaeus In contrast, Extreme values of watdr were 1.5°C (La
those localities that based on their flor&Campana) and 18°C (Barrandslta).
presented a more healthy condition wer&xtremes values of air T° were 20.5 °C
considered as conserved, and inclu@egssert  (Ranguili) and 15.0 °C (Zapallar). Maximum
Seppe Aguas Claras, La Campana;extremes values were 37 °C (Aguas Claras)
Scleophyl Forest Tanumé,Vichuquén; and 24.6 °C (Chiguayante). In Barrardta,
Maulino Forest: Los Ruiles, Los Queules; water and air temperatures were the same (18
Scleophyl BushesQuirihue; Nothofagus °C). Measures of chemical parameters indicate
forest Nonguén, SHAregua.These localities a more alkaline (8.90) pH ichuquén and
were characterised by remnants of nativeinor (7.5) in BarrancAlta. Values of relative
forest suchAcacia cavenMolina) Molina, humidity fluctuate between 38% in Ranguili
Prosopis chilensigMolina) Suntz, Quillaja (degraded) and 85% in Nonguén (conserved).
saponaria Molina, Cryptocarpa alba UV-B indexes are showed in Fig. 2.

(Molina) Looser Peumus boldu#iolina,

Localities T° water TO air T air max pH HR qQ
Zapallar 12.2 °C 15.0 °C 35.5 °C 8.00 (-67 mv) 67% 10.00 mg L*
Aguas Claras 12.4 °C 15.6 °C 37.0 °C 8.36 (-68 mv) 78% 10.00 mg L*
La Campana 11.5 °C 16.8 °C 32.7 °C 7.80 (53 mv) 75% 10.98 mg L*
Barranca Alta 18.0 °C 18.0 °C 33.0 °C 7.50 (-55 mv) 69% 10.70 mg L*
Nilahue Alto 15.0 °C 20.0 °C 29.2 °C 8.30 (-65 mv) 39% 9.98 mg L*
Ranguili 16.0 °C 20.5 °C 30.0 °C 8.15 (-67 mv) 38% 9.70 mg L*
Hualafié 12.3 °C 18.5 °C 27.8 °C 8.90 (-69 mv) 78% 10.00 mg L*
Vichuquén * 18.6 °C 30.8 °C * 7% *
Cerro Caracol * 17.9 °C 27.9 °C * 85% *
Chiguayante 12,5 °C 16.5 °C 24.6 °C 8.50 (-65 mv) 75% 9.50 mg L*
Ramadillas 15.0 °C 16.5 °C 25.0 °C 8.45 (-64 mv) 75% 9.45 mg L*

TABLE 4. SUMMARY OF PHYSICALAND CHEMICAL PARAMETERS TAKEN DURING THE
FIELDWORK. (*) PLACESWITHOUT WATER DURINGTHE FIELDTRIPTIME. T°"WATERAND
AIR (FIRSTTWO COLUMNS)AT SAME HOUR.

Resumen de los parametros fisicos y quimicos tomados durante el trabajo de campo. (*) Lugares sin agua durante las actividades de terreno.
T° agua y aire (primeras dos columnas) a la misma hora.

Data analysis esults
NMMDS Batrachofauna v/s forest

Diversity indexes: In th&able 5 are presented ecosystems: Figure 2A is an acceptable graphic
a summary of some diversity indexedepresentation of the relatiobstween forests
estimations for each locality ecosystems based on batracofauna
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composition [stress 0.17 (Fig. 2&Kruskal alone. The SIMPER analysis indicated a
1964]. Localities linked to th&lothofagus percentage of dissimilarity of 76.27 % among
forest (green circles) have more similaritiegll the localities; the species contribution to
among themselves than when they arsimilarities are supported mainly 15/ thaul
compared to the rest of the localities, whiclwith 16.2 %,A. nodosusl5.16 %,E. roseus
were displayed separated of the precedirtgl7? %, Alsodessp (1) 5.64 % with a
group and among themselves. Those localiti€imulative percentage of 70.1 %.

from Dessert Steppe (red circles) (AC, LC, NMMDS Batrachofauna composition v/
ZAP, and V) are grouped besides to thoses degraded and conserved placésy. 2B

is a good representation of the relationship of
the amphibian community to degraded and
conserved places of the forest ecosystem

Localities N Xl%‘é © 1)3:\"”’9\] S E/’Z (stress of 0.07, Fig. 2b The percentage of

P ) PP dissimilarity between degraded and conserved

sites was 72.93 %l he specied. thaul, A.

;zp(;ﬁ?rpa”a o 009 2 nodosus, E.aseus,Alsodessp (1) were
Aguas Claras 60% 1.200  10.5 those with the highest similarity contribution
gzga&ia/*'ta ggzo 2-318 igg (SIMPER analyses results) with a cumulative
Los%umayes e 0 033 percentage of 65.86. The plot (Fig. 2B)
Nilahue Alto 25% 0.910 3 suggests that faunal communities (abundance
\H/iL(J:aluaqﬁuéén 8 8 8 and composition of frogs) registered in
Cerro Caracol  75% 1275 13 degraded places are different to those detected
Chiguayante 80% 0.629 15 in those conserved ones, excepllothofagus
Ramadillas — 71,4% 1.231 11 forest where degraded and conserved showed

similar fauna richness but distinct diversity

TABLE 5. SUMMARY OF SOME DIVERSITY COmposition.An exception was Ramadillas,
INDEXES DETERMINED ON THE BASE OF Which appeared apart from the remaining
DATA REGISTERED DURING THE degraded places suggesting that the faunal
FIELDWORK. composition was more similar to those

conserved ones, in spite of being a much
Resumen de algunos indices de biodiversidad determinados H
base a los datos registrados en terreno. 'Hbgraded Iocallty

NMMDS Fmogs lawval strategy v/s
degraded and conserved placézhe plot
showed in Figure 2C is a good representation

associated to Sclerophyl forest (violet circlespf the relationship between larval strategy and
(BARR, VICH, RAN), Sclerophyl shrub habitat degradation (stress 0.065; Fig,).2c
forest (yellow circle) (ALH) and one from The Cluster in Fig. 2shows that the degraded
Maulino forest (blue circles) (TREHAII the  Maulino forest (MauDeg) constitutes a distinct
remaining places were separated from thgroup. Maulino Conserved (MauCon) plus
previous groups and among themselves, i.\Nothofagus degraded and Conserved
LQ and LR (Maulino Forest) anBAN and (NotDeg, NotCon) form another group based
NALT (Sclerophyl forest)The cluster shown on anuran larval strategffrhe SIMPER

in Fig. 23 supports these results, with localitiesanalyses indicated that these species differ in
associated tdNothofagusforest grouped a 37.44 % based on their larval stratelgy

10
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FIGURE 2. NON METRIC MULI DIMENSIONAL SCALING (NMMDS) (BRAY CURTIS INDEX) OF
ANURAN DIVERSITY IN COASTAL RANGE FORESTN CENTRAL CHILE SHOWING IN:A, Aq
AND A, BATRACHOFAUNA V/S FORESTECOSYSTEMS, B, BAND B, BATRACHOFAUNA
COMPOSITIONV/S DEGRADEDAND CONSER/ED PLACESAND C, C; AND Cy FROGS LAR/AL
STRATEGY V/S DEGRADEDAND CONSER/ED PLACESWHEREA1 Bq Cq STRESS ORHE
ANALYSIS AND Ap By Cp CLUSTERANALYSIS. ABBREVIATIONS ARE GIVEN IN
CORRESPONDING RESUIS SECTION.

Escalamiento multidimensional no-métrico (NMMDS) (indice de Bray-Curtis) de la diversidad de anuros en la Cordillera de la Costa en
Chile central, mostrando en: A & & Fauna de batracios v/s ecosistemas forestalesi EbQ Composicion fauna de anuros v/s lugares
conservados y degradados, y Gy, Estrategia larval de las ranas v/s lugares degradados y conservados. Pdnldelaes el Stress

del andlisis y 3 bz C, el andlisis de Cluster. Las abreviaciones estan dadas en la seccion resultados.

contrast, terrestrial development (TD), lothiall of them with 10.56, 10.33 and 7.90 %
free tadpole with large period of larval phaseespectively contributed with the 76.91 %
(LFTL), and lenthic mountain stream (LeMS),cumulative of similarity of this analysis.
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DISCUSSION ecosystems, except in the case of the
Nothofagusforest (Fig. 2B), where similar
Frog reproductive activities and skin gaseouspecies diversity among degraded and
interchanges are closely related to wateronserved places was observed.
guality and availabilityand healthy ecosystems Some comprehensive studies (Diamond
(Duellman & Trueb 1986).Thus, they are 1984, Grant et al. 1994, Chapin et al. 2000)
considered key bio-indicators of thehave demonstrated that forest-ecosystem
environmental health (Hazell 2003, Blausteimnstability and the decline of diversity in local
& Johnson 2006) given their extremehabitat are both correlated to the expansion of
vulnerability to habitat degradation andexotic monocultures, and to the corresponding
fragmentation (Crump 2002, Busse 2002, Lipdamage linked to loss of water and refuges
et al. 2006). The main processes drivingCushman 2006). Thus, more disturbed sites
extinction are the «evil quartet», i.e. habitagenerally have lower species richness (Bishop
loss, over-exploitation, introduced species anet al. 1999), although in the case of the present
chains of extinction (Diamond 1984). Foresstudy this is not the rule, having disturbed
ecosystems of the Coastal Range in centrplaces (Ramadillas) higher or similar diversity
south of Chile have been seriously degraddddex than conserved ones (Aguas Claras).
because of large-scale anthropogeniflong Coastal Range forest ecosystems,
intervention (Smith-Ramirez 2004, Bustamanthydrologic sources are mainly small springs
& Simonetti 2005) (Fig. 1B)Accordingly, giving rise to small fragile mountain streams
severe impacts on frog habitats and viabilitgyOyarzan et al. 2003), where eventually
were expected in this investigation. tadpoles may complete their metamorphosis
Regardless, when we compare thes@arros 1918Jorres & Castillo 1973). In Chile
results against historic amphibian data for thmost species (80.71 %) display a free-living
study area (se€able 2), it is clear that most aquatic larval strategyand among frogs
of the species, with the exceptionrafrufum, collected along the study area this strategy
were still there. Southern forest ecosystem®eaches to 64.28 %. In forest ecosystems of
(e.g. Maulino forest, Los Queuld) leptopus Coastal Range in South Central Chile most
(Cuevas & Cifuentes 2@}, Telmatobufo documented amphibian localities are located
ignotus (Cuevas 2010) and a new species afithin private lands. Given that currently there
Alsodespreviously confounded witl\. is not a legal framework for the protection of
nodosus(Cuevas & Cifuentes 2009) wereanimal or plant species on private lands, the
also discovered. Thus, the alpha diversitynain threat faced by these species is habitat
sensu Meffe & Carrol (1997) showed valuesoss by commercial activities (e.g., wine
just under 2 indicating lower diversity ofindustry commercial fruit trees) and associated
species (5 are indicative of high diversity). Thisnfrastructure (e.g., roads, summer centers,
is consistent with previous antecedentslectrical grid) (Bustamante and Simonetti
(Formas 1979, Correa et al. 20-and unlike 2005). Furthermore, the replacement of native
with higher levels of diversity of Chilean frogsforest with exotic plantationsP{nus,
reported among 38° and 40° LS within th&ucalyptus and Populus subsided by
temperateNothofagusforest (Formas 1979, government policys 701 Law until the year
Mendez et al. 2005). The same trend wad003) have had negative effects in the
observed in conserved places against degradexmaining remnant ecosystems such as:
sites in each of the abovementioned forestccumulation of sediments by erosion and rain-
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dragging into streambeds, and reduction dhe purposes of this stud{to rediscover
water flow and increase in water and aispecimens oR. rufun) was not achieved.
temperature. In these scenario frogs withlowever some data indicate that this species
larval strategies are most threatened, becauseseriously threatened but not extinct along its
the loss of aquatic habitat (Becker et al. 200%hole range, supporting its I[UCN (2010b)
Cushman 2006). assigned categarfvidence gathered during
Although our results suggest a relativelythe fieldwork precludes quantitative conclusions
healthy assemblage (just one species was radiout the conservation status Rf rufum.
detected) this study proposes that the curreRegardless, recover data suggests that this
threatened conservation category to somspecies has vanished from some places such
Chilean anuran species inhabiting the studgs, BarrancaAlta, Nilahue Alto, and
area most be maintained. There are maryghiguayante. In those places, suitable habitat
causal explanations (Cuevas & Cifuenteand personal communications from local
2009) and probably synergisms betweeresidents indicate th&. rufumwas still there
habitat degradation and life strategyecently (Montecinos, Zufiiga Pers. Com.).
requirements (see Baldwin et al. 2008). Rhinoderma rufurrhas surely undergone
least three conflicting issues can be identifietbcal extinction in ZapallaHualafié, Ranguili,
in relation to the impact of forest loss and.os Quillayes, Cerro Caracol, Ramadillas, and
amphibian population viabilityFirst human in the type locality oVichuquén, where the
activities have created favourable habitat fooriginal habitat has been devastated (Lara et
P. thaulbecause its short larval period requireal. 2012) having lost its resilience capacity
higher than normal temperatures to reach t€hapin et al. 2000).
end of metamorphosis (Diaz-Paez & Ortiz  During the summer (December to March)
2001). Because of that, apparently this specigghen R. rufum arries on its reproductive
has become an excellent secondary invadattivities (Barros 1918Torres & Castillo
showing a wide distributiorsecond, landscape 1973), the air temperatures over 37° C, and
homogenization and the loss of suitable habita@tie U\ B radiation reaches dangerous levels
to amphibians might affedRhinoderma (Fig. 3A). Howeverthe finding in Nilahudlto
rufum to the greatest extent (Barros 1918,2003) of three specimensRf rufum(Zudiga,
Formas et al. 1975, Busse 2002, Crump 200&ers. Comm.) during the building of a water
Third, because many streams are currently diyool near of a small stream, support the
species with less strict habitat requirementganishing hypothesis (Fig. 3B). Following
have more successfully survivedLampert & Linsenmair (2002), the vanishing
(Eupsophug in comparison to those with freeof some species might be explained by an
tadpole Alsode$ SensuBecker et al. (2007). alternative behaviouinvolving a change of
Incidentally, specimens ofEupsophus strategy when individuals face an unpredictable
queulensiswere detected in an abandone@nvironment. Specimens &. rufummight
Pinus plantation which presenteistotelia use the holes constructed by the freshwater
chilensisrenewals allowing conservation ofshrimp’s Parastacus pugnaso reach places
moisture, by adding shade, leaf drop andith moisture and refuges to protect itself from
refuges. the heat and U'B radiation (Fig. 3B)
According to the IUCN Red List, a species
is «Extinct» when there is no doubt that; their
last member has died (IUCN 2010b). One of
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4 Moderate

Slow

FIGURE 3:A GRAPHIC SHOWING MINIMUMAND MAXIMUM UV -B RADIATION IN CENTRAL
CHILE DURINGTEN DAYS OF FIELDTRIRSUMMER 2004). B SCHEME REPRESENTIMGIDING
STRATEGY HYPOTHESIS BASED OMNECDOTAL INFORMATION.

A Gréfico mostrando valores maximos y minimos de radiacié/Blévi Chile Central durante 10 fias de trabajo en terreno (verano 2004).
B Esquema representando la hipétesis «estrategia de ocultamieRtorufem» basada en informacién anecdética.

14



Cuevas

CONCLUSIONS ACKNOWLEDGEMENTS

Along the research area, has been detectétie author is thanked of DKlaus Busse for
six threatened anuran and at least sifield assistance and playback supplies. The
threatened plant species (IUCN, 2010b). Sadlguthor is also deeply in debt with Ms. Evelina
only a few small natural reserves have beevialenzuelaT., Mr. René Zufiga, and Mr
created (8), most with insufficient ecosysteniRodolfo Barros and their families. Thanks also
representation and inadequate coverage ft@ Javiera Cuevas and Sandra Cifuentes
biodiversity hotspots (Pauchard \illarroel  (QPD) for her field assistance and Bamon
2002). Most of these protected areas arfeormas for field equipment. This study was
wetlands (Cachagua, Ffali, Pefiuelas, partially supported by Fauna and Flora
FedericAlbert, Torca lagoon) not constituting International (FFI) through the grant N° 03/
suitable habitat for frogs with demandingl4, Zoologische Gesellschaft férten- und
habitat requirements sucRhinoderma Populationsschutz ( ZGAP) and a Doctorate
(diurnal habits) orTelmatobufo(mountain Fellowship from CONICYT 2004 to César
streams environments), being these frogs fauevas. Finallyto the Corporacion Nacional
very defenceless status Forestal (CONAF) by permits to author to
In a globalization context, new economicsampling in state protected areas.
policies by Chilean government are trying to
transform our country into a world alimentary
potency for the XXI centurymplying that the
future of our biodiversity is not hopeful. Data LITERATURE CITED
gathered about distributions, limiting
environmental factors and the impacts o
human activity is a first step towards the
conseryation of a species (Stuart_ et al. 2004). requirements: a case study using movements
In _th's frame, on'ce SpeC|m§ns b€ and habitat selection of thiood Frog Rana
rediscovered, intervention of populations such - syjvaticg. Journal of Herpetology 40: 442-453.
as translocations most be considered. BARROS R (1918) Notas sobre el sapito vaquero.
Although, no ex situ conservation plans are Revista Chilena de Historia Natural 22: 71-75.
in place for any anuran species in the resear8ftCKER CG R FONSECA, CFIHADDAD, RF
area, some successful attempts have beenBATISTA & PIPRADO (2007Habitat Split and
made in captivity management Rf darwinii the Global Decline ohmphibians Science 318:

in Germany between 1971 to 2002 (Busselsng?)éIIZlA MAHONY. NGPSTRUGER & KE
2002). Finally this research is an example an& ' ’

of the first of the type of conservation PETTIT (1999)Anuran development, density

X and diversity in relation to agricultural activities
approach conducted on Chilean anurans. j, the Holland River watershed, Ontario,

Following the proposal of Diniz-Filho et al.  canada (1990-1992). Environment Monitoring
(2005), this study calls for and promotes the Assessment 57: 21-43.
idea of creating a national park or reserve tBLAUSTEIN AR & PTJ JOHNSON (2006Jhe
protect amphibians and their ecosystems in this complexity of deformed amphibians. Frontiers
part of south-central Chile. in ecology and environment 1: 87-94.
BUSSE K (2002) Fortpflanzungsbiologie von
Rhinoderma darwinii  und die

BALDWIN RF, AJK CALHOUN & PG DE
MAYNADIER (2006) Conservation planning
for amphibian species with complex habitat

15



Anuran diversity

CHAPIN FS, ES ZXALETA, VT EVINER, RL

stammesgeschichtliche und funktionelleDIAZ-PAEZ H & JC ORTIZ (2001) The

Verkettung der einzelnevierhaltensablaufe.
Bonner zoologische Beitrage 51: 3-34.

BUSTAMANTE RO & JA SIMONETTI (2005) Is

reproductive cycle oPleurodemathaul
(Anura, Leptodactylidae) in Central Chile.
Amphibia-Reptilia 22: 431-446.

Pinus radiatainvading the native vegetation DI CASTRI F (1968) Esquisse écologique du Chili:
in Central Chile? Demographic responses in a En Biologie de leAmérique Australe (C

fragmented forest. Biological Invasions 7: 243-
249,

NAYLOR, PMVITOUSEK, HLREYNOLDS, DU
HOOPER, S. LXOREL, OE SALA, SE HOBBIE,
MC MACK, & S DIAZ (2000) Consequences

Delamare-de- Bouteville & E. Rapoport eds.) 6-
52,\0l. IV.

DI CASTRI F & E HAJEK (1976) Bioclimatologia

de Chile.Nicerrerectoria Académica,
Universidad Catdlica de Chile, Santiago de
Chile.

of changing biodiversityNature 405: 234-242. DINIZ-FILHO JAF, LMBINI, RP BASTOS, CM

CEIl JM (1962) Batracios de Chile. Ediciones

Universidad de Chile, Santiago de Chile.

COLLINS JP& T HALLIDAY (2005) Forecasting

changes in amphibian biodiversity: aiming at a
moving target.Philosophical Transactions of
the Royal Society B 360: 309-314.

metodolégica para la evaluacion del impacto
ambiental. Mundi Prensa, Madrid, Espafia.

for terrestrial amphibians and reptiles. General
Technical Repo202: 205-333.

Rhinodermadarwinii. Herpetological Natural
History 9: 21-30.

CUEVAS CC & SLCIFUENTES (201). Amphibia,

Anura, CeratophryidaeBatrachyla leptopus

VIEIRA & LCG VIEIRA (2005) Priority areas for
anuran conservation using Biogeographical
data: A comparisonof greedy rarity, and
simulated annealing algorithms to define
reserve networks in Cerrado. Brazilian Journal
of Biology 65: 251-261.

CONEZA FERNANDEZ - VITORAV (1997) Guia DONOSO C (1982) Resefia ecoldgica de los

bosques Mediterraneos de Chile. Bosque 2:
117-146.

CORN PS & RB BUR (1990) Sampling methods DUELLMAN WE & L TRUEB (1986) Biology of

Amphibians. Mc Graw - Hill Book Compapiylew
York, EE. UU.

CRUMP M (2002) Natural History of Darwin‘s frog FALVEY M & R GARREAUD (2007 Wintertime

Precipitation Episodes in Central Chile:
Associated Meteorological Conditions and
Orographic Influences. Journal of
Hydrometeorology 8: 171-193.

New records updating and geographidORMAS JR, E PUGIN & B JORQUERA (1975) La

distribution map, Chile. CheckList 6: 633-636.

CUEVAS CC (2010A new species dfelmatobufo

identidad del batracio Chileteminectesufus
Philippi 1902. Physis 34: 147-157.

Schmidt 1952 (Anura, Calyptocephalellidae}FORMAS JR (1979) Los anfibios anuros del

from a remnant of the Maulino forest, Central
Chile. Gayana 74: 102-112.

CUEVAS CC & SLCIFUENTES (2009) Frogs and

life strategies: an approaching to evaluate
forest ecosystem in southern Chile: In

bosque temperado austral de Sudameérica: In
The SouthAmerican Herpetofauna: its origin,
evolution and dispersal. (EW Duellman ed.),
341-369, Monograph Of the Museum Of Natural
History, University of Kansas.

Ecological advances ifiemperates forest (C FORMAS JR (1981daptaciones larvarias de los

Oyarzin & Staelens Y eds), 17-30, Elsevier
Press, Belgian.

and fragmentation for the conservation of pond
breeding amphibiang: review and prospectus.
Biological Conservation 128: 231-240.

DIAMOND JM (1984) «Normal» extinctions of

isolated populations: In Extinctiond H
Nitecki ed.), 191-246, Chicago University Press.

16

anuros del bosque templado austral de
Sudamérica. Medidmbiente 5: 15-21.

CUSHMAN S (2006) Implications of habitat lossFROSTDR (2014 Amphibian Species of th&/orld:

an online referenc®ersion 5.1 (10 November
2009). Electronic Database accessible at http:/
/research.amnh.org /herpetology/amphibia/
index.html. American Museum of Natural
History, NewYork, USA. Captured on 15 June
2014.



Cuevas

amphibians along a forest fragmentation

gradient. Landscape Ecology 13: 263-268.
GONZALEZ-ESPINOZA M, N RAMIREZ-
MARCIAL, AC NEWTON, JM REYBENAYAS,
A CAMACHO-CRUZ, JARMESTO,A LARA,
C ECHEVERRIAA PREMOLI, GWILLIAMS-
LINERA, A ALTAMIRANO, C ALVAREZ-
AQUINO, M CORTES, LGALINDO-JAIMES,
MA MUNIZ, MC NUNEZ-AVILA, RA
PEDRAZA AE ROVERE, C SMITH-RAMIREZ,

GIBBS JP (2008) Distribution of woodland LAMPERT KP & KE LINSENMAIR (2002)

Alternative life cycle strategies in th&fest
African reed frogHyperoliusnitidulus. the
answer to an unpredictable environment?
Oecologia 130: 364-372.

LARA A, M SOLARI, MDR PRIETO & MP PENA

(2012) Reconstruccién de la cobertura de la
vegetacion y uso del suelo hacia 1550 y sus
cambios a 2007 en la ecorregién de los bosques
valdivianos lluviosos de Chile (35° - 43°, 30" S).
Bosque 33: 13-23.

O THIERS & C ZAMORANO (2007) LIPS KR, F BREM, R BRENES, JD REEVE, RA

Biodiversity loss and conservation in

fragmented forest landscapes: In The forest of

Montane Mexico andiemperate of South
America, (AC Newton ed.), 334-369, CAB
International.

GUTIERREZ JR &A SQUEO(2004) Importancia

ALFORD, JVOYLES, CCAREY L LIVO, AP
PESSIER & JP COLLINS (2006) Emerging
infectious disease and the loss of biodiversity
in a neotropical amphibian community
Proceedings of Natur@dlcademy of Sciences
USA 103: 3165-3170.

de los arbustos en los ecosistemas semiaridbsI TLE C, A LARA, J MCPHEE & R URRUTIA

de Chile. Ecosistemas 13 (1): 36-45.
GRANTBW, KL BROWN, GWFERGUSON & JW

GIBBONS (1994) Changes in amphibian
biodiversity associated with 25 years of pine
implications for MACE GM, JLGITTLEMAN & A PUR/IS (2003)

forest regeneration:
biodiversity management: In: SK Majumdgad
BrennerJELovich JF Schalles & EWiller eds.

(2009) Revealing the impact of forest exotic
plantations on water yield in large scale
watersheds in South-Central Chile. Journal of
Hydrology 374: 162-170

Preserving the Tree of life. Science 5626: 1707-
1709.

Biological Diversity: Problems and challengesMEFFE GK & CR CARROLL (1997) What is

355-367,The Pennsylvari@ademy of Science.
York, FA.

HAZELL, D. 2003. Frogs ecology in modified
Australian landscapes: a revieWildlife
Research 30: 193-205.

HEYER MA, RW DONNELLY, LA MCDIARMID,

C HAJEK & MS FOSTER (1994) Measuring
and monitoring biological diversity: Standard
Methods for Amphibians. Smithsonian
Institution PressWashington D.C.

IUCN (2010a) Conservation International, andyyERS N,

NatureServeAn Analysis of Amphibians on
the 2008 IUCN Red List <wwaucnredlist.og/
amphibians>Accesed on 6 June 2014.

conservation biology? : In Principles of
Conservation Biology(GK Meffe & CR Carroll
eds), 3-27, Sunderland (MA), Sinauer

MENDEZ M, E SO, FTORRES-PEREZ &

VELOSO (2005) Herpetofauna de los bosques
de laCordillera de la Costa (IX regién y X region,
Chile): En:CValdovinos, Armesto & C Smith-
Ramirez edsHistoria, biodiversidad y ecologia
de los bosques costeros de Chile: 441-451,
Editorial Universitaria, Santiago de Chile.

RA MITTERMEIER, CG
MITTERMEIER, GA DA FONSECA & JKENT
(2000Biodiversity hotspots for conservation
priorities.Nature 403: 853-858.

IUCN (2010b) Red List of threatened species. IUCNpYARZUN C, R GODOY A SCHRIJVER, J

Gland Switzserland. http//www .iucn
redlist.org/ [accessed 01 June 2014].

KRUSKAL JB (1964) Nonmetric Multidimensional
Scaling:A Numerical Method. Psychometrika

2:115-129.

17

STAELENS & N LUST (2003)Water chemistry
and nutrient budgets in an undisturbed
evergreen rainforest of Southern Chile.
Biogeochemistry 00: 1-17.

PAUCHARDA & P VILLARROEL (2002) Protected

areas in Chile: historycurrent status and
challenges. Naturdlreas Journal 22: 318-330.



Anuran diversity

PECHMANN JHK, DE SCOT,JRD SEMLITSH, JP
CALDWELL, LIVITT & JW GIBBONS (1991)
Declining amphibian populations: The problem
of separating human impacts from natural
fluctuations. Science 253: 892-895.

SMITH-RAMIREZ C (2004) The Chilean coastal
range: a vanishing center of biodiversity and
endemism in SoutAmerican temperate forest.
Biodiversity and Conservatidt8: 373-393.

STUART SN, JS CHANSON, NEOX, BEYOUNG,
ASL RODRIGUEZ, DLFISCHMAN & RW
WALLER (2004) Satus andTrends of
Amphibian Declines and Extinctions
Worldwide. Science 306: 1783-1786.

TORRES D & H CASTILLO (1973) Notas sobre la
distribucién del «sapito vaquer&hinoderma
darwinii D & B 1841. Noticiero Mensual del
Museo de Historia Natural, Chile 17: 203-204.

ZAR J (1999) Biostatistic#lnalysis (4th Edition),
Prentice Hall, New Jersey

Recibido 01/06/2014; aceptado 21/06/2014

18



