ggﬁ%‘ The variation in frog biodiversity along the %
%‘;‘jﬁ‘f forested landscape in Rio de Janeiro State
| in Brazil

Carlos F. D. Rocha, Carla C. Siqueira, Cristina V. Ariani, Davor Vrcibradic,
Mara C. Kiefer, Mauricio Almeida-Gomes, Vitor N. Borges-Junior,
Helena G. Bergallo & Monique Van Sluys

Department of Ecology, Institute of Biology,
Universidade do Estado do Rio de Janeiro, Rio de Janeiro, Brazil



Amphibians

An animal group disapearing from the planet

Strongly susceptible to variations in humidity
Life cicle involving acquatic part of life for most species
Habitat destruction

Chytridiomycosis

Climatic changes



Brazilian Atlantic Rainforest:
One of the worlds’ hotspots

Presently

In 1500

A very species rich Biome for different animal and plant species



Community composition changes along space
as habitat characteristics changes

Haddadus binotatus

How frog communities varies?
e Biodiversity
* Density

e Similarity
of frogs varies along the forested landscape?

We estimated frog biodiversity based on intensive field surveys
sampling frog assemblages in nine Atlantic Rainforest areas
covering all regions of the state.



Also, humidity is crucial to frogs and explain frogs’
occurrence and activity

Tend to restrict activity:

e To favorable areas

e To periods of less risk to desiccation

This resulted in frog activity being species and group specific

F Inferred from
rog quantities of

_ individuals acitve at
occurrence different periods of
and the day during large-

o scale field surveys.
activity

e
~

Time of activity is
characteristic of each
frog group of species

Preferred activity
period in frog
communities depends
on region and species
occurring there



What is the most appropriate period to find, inventory
and study amphibians during studies and monitoring?

Shoud be studied at each habitat in particular to
know activity

/ Species level
Frog
——

LEVEL ===s) Family level

activity
\ Overall for all the

local frog community



We studied frog community composition and activity in the main remnants of
forests in the Atlantic Rainforest in Rio de Janeiro state in Brazil




At what period of time are Atlantic
Rainforest frogs predominantly active?

Localidades_Inventariadas
Local

@ APA da Mantiqueira

& Cambuci

@ EE Paraiso

& Ilha Grande

& Marica

@& Morro de 580 Jodo

@ PE do Desengano

@ PE dos Trés Picos

# Reserva Ecoldgica de Guapiacd

# Reserva Ecoldgica de Rio das Pedras
# Restinga de Jurubatiba
& Serra da Concdrdia

We evaluated the preferred
activity period in nine
Atlantic Rainforest areas in
southeastern Brazil, based
on intensive field surveys.



Localities studied and sampling effort

Table 1. Number of 30-minutes survey bouts (total = 1409) andgampling time (total = 704.5 hpfor three periods (diumal,
crepuscular and nocturnal) of searching for frogs in nine Atlantic Tai ; 10 de Janeiro State in Brazil,
SPP = Survevs performed in the period; THSP = total of hours of searching in the per u:-d

ARFA Coordinates Diurnal Crepuscular Nocturnal
: SPP THSP SPP  THSP SPP  THSP
Estagdo Ecologica Paraiso 22°26°8,42° 56" W RO 44.5 S0 25 72 30
Reserva Ecologica de Guapagu 2272475, 427 4°W 70 33 70 35 70 35
Serma da Concordia 22°22° 85,43 4T W 40 20 40 20 40 20
Morro 530 Joio 22731'S, 42° 00" W 40 21} ) 20 40 20
Reserva Ecologica Rio das Pedras 227 5978, 447 05" W 50 25 51 23 50 25
APA da Mantiqueira 22°21'8, 44" 315°'W 30 25 S0 25 50 25
Parque Estadual do Desengano 21°52°S. 41" 34" W 4% 24 S0 25 S 25
Cambuci 219298, 41° 52'W 30 25 50 25 50 25
Parque Estadual dos Trés Picos 227258, 42° 34"W 50 25 all 25 30 25
Total 487 2435 450 225 472 236




2 Sampling of amphibian activity in nine different
o remnants of the Attlantic Rainforest I

At each area:
About ten researchers
in fieldwork




Sampling was spread along space to better estimate
the general activity of Atlantic Rainforest frogs

At each locality:

we employed similar sampling
effort during diurnal, crepuscular

and nocturnal searches (totaling

706 sampling hours).

Ischnocnema octavioi



Different environments sampled inside the areas to
reach the most wide array of species living there

Disturbed and
regeneration areas
(Hébitats perturbados y en

Inselbergs Riparian forests and streams

(bosques riberenos y arroyos)

areas de regeneracion)



To efficiently sampling frog activity:
Different methods, different periods of day

Systematic sampling at Increases the chance of

different times of day —> finding species with
different activity periods

Diurnal period (09:00 -1600hs)

=

Sampling =) Crepuscular period (17:30 -18:30hs)

3 Nocturnal period (19:00 — 22:00 hs)



Metodology

Active search limited by time:

e 150 transects of 30 minuts duration totaling 75 hours of
sampling

e 50 diurnal transects, 50 crepusculars e 50 nocturnals



g‘g The lleaf-litter layer of forest ground:

TEERS 'g
w

%
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Complex anuran community sensible
to alterations in the structure and
micro climate of leaf-litter

An environment where complex processes recicle
nutrients to new forest growth

1;: '
111 | 5“"% E""*'r‘
, "ﬁ Interactions with micro, meso and
- A m‘i macroorganisms which promote the
*break of the material and further
remineralization in mechanic and

chemichal processes.

11‘*

) h h 'l H J.

Leaf-litter amphibians have crucial function in the top-down control on the density of
preys with na important role in the regulation of nutrient dynamics in the forests



Metodology — sampling leaf-litter forest frogs

(muestreo de ranas de la hojarasca forestale)

* Sampling: established 30 plots of 5x5 m
(25 m2) on forest floor which were distant
at least 100 m among them

e Total of 750 m2 of forest leaf-litter floor
sampled

e Researchers carefully searched for frogs
inside each plot in a systematic way

* Frog Density expressed in termos of no.
Ind/100m?2 of forest floor= standardized
for leaf litter frogs in the world




Metodology — sampling frogs using pit-fall traps

(Cubos enterrados en el suelo del bosque)

3 pit-fall systems opened during 11 days at each area

Each system composed by 30 buckets of 30 litters distant
5 m apart from the next

Totalling 90 buckets passively sampling terrestyrial frogs

Buckets checked separately during the day and in
crepuscular and nocturnal periods



Representative specimens of each species of frogs were processed
in the field for reference of its occurrence in each area




Results
Frog species richness in the areas

We found a total of 69 frog species

e Nocturnal (median =12, range =6 to 19
/ frog species)
Higher richness

of frog SpECiES at - e Crepuscular (median =8, range = 3 to 14
. species)
dusk and night

e Diurnal (median =4, range=1to 6

Species richness differed significantly among sampling periods (ANOVA: F2,21 =7.395; p <
0.005), with differences being significant between diurnal and nocturnal periods (p < 0.005).






Results — Frog abundances

817 individual frogs found in the nine areas surveyed

The abundances were
species-specific and
characteristic of each
frog group of species

Brachycephalus spn.



Results — Frog abundances

Abundances differed at different periods of day

e Nocturnal (N =437 individuals or 53.5%)

Higher number of
individual frogs at mmmmm) © Crepuscular (N =267 individuals or 32.7%)
dusk and night for

most species. \
e ™ 3 e Diurnal (N=113; 13.8% of individual frogs

T, S

Number of individuals per site differed significantly among sampling periods (ANOVA: F2,21 = 10.982; p = 0.001)

Values for the diurnal period being significantly lower than those of the@ar (p < 0.01) and nocturnal (p = 0.001

Crepuscular (p < 0.01) and nocturnal not differing between themselves (p = 0.531).




NMDS analysis showed that higher similarity in

Results

frog communities was found

between Reserva Rio das
Pedras (RERP) and Serra
Concoérdia (SC)

between EEP and Reserva

Guapiacu (REGUA).

NMDS configuration by Presence/Absence
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Results

When configuration is reduced to axis 1 and
related to altitudes in the areas ...

2 -

=y

MNMDS 1 Axis

1
=y
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Altitude in the areas explain part of the similarities among areas



Activity along the day

The activity was
species-specific and
characteristic of each
frog group of species

Brachycephalus spn.



The activity of Brazilian Atlantic Rainforest Frogs differs
consistently among periods of day

Table 2. Richness and abundance of frogs found w three samphng penods (dinmal, crepuscnlar and nochumal) m nine
Atlantic ramnforest areas of Rio de Janeiro State in Brazil, SR = Species richness; SRP = Species nchness i the pened. The
colummn “Total” mdicares the toral of mndividuals found ar each locality

AREA SR Diurnal Crepuscular Nocturnal Total
Individuals (o) SRKRF Individuals (%) SRF Individuals (%) SRFP

Estaciio Ecologica 21 23(23.2) G 24 (24.2) 10 A2{52.5) 17 0
do Paraiso
Reserva Ecologica 20 11{2.7) 6 4542, 11 55(48.2) 16 114
de Guapiagu
Serra da Concordia 13 21 (20.8) 5 45 (44.6) 8 35 (34.6) o 101
Morro Sdo Jodo 13 16(22.5) 4 21 (29.6) 7 34 (47.9) 5 7
Reserva Ecologiea 14 14 (16.3) 4 25(29.1) a8 47 (34.6) 12 el
Rio das Pedras
APA da Mantiqueira 18 13 (9.8) 2 41 (50.8) 9 T9(59.4) 13 133
Parque Estadual do o 4 {108 2 21 (56.7) 4 12(32.4) 7 37
Desengano
Cambuci 20 2(L.7N) 1 3(11.2) 3 101 (87.1) 19 116
Parque Estadual dos 17 4{13.0) B 20 (48.3) 14 22 (36.7) 7 all]

-

& Preos
Total . 113(13.8)

267 (32.7)

About 88 % of the activity of the frogs was crepuscular-nocturnal.

Only 12% of frogs were diurnal - usually Hylodidae



At what time of day are the different frog species active in the forest?

Table 3. Sampline & i b v sl P S 3 duasing il (D), crepscular (G} Species D C N Total General activity trend
and noctumal (M) perinds for 69 fog species sampled in nme Aflantic Rainforestareas in Rio da Jameiro Stzte, southaasem Dendropsephus decipiens (A, Lutz, 1925) T OE oI
Brazil with inferred astivity ttends for each. IDI = Insufficient data (M = 4) to infer on activity of the spacies. Dendropsophus slegans 3(100) 8 Mocturnal
Speciaz D Ly N Tatal Cansral activity trend {(Wied-Neunned, 1824}

Brachyeephahidae Dendropsophus mimutus (Peters, 1872) 25 (100) 25 MNoctumal
Brachycephalus ephippium (Spx, 1824) 1 (1009 1 Jin)! Hypsiboas albomargimars (Spix. 1824) 200 2 DI
Erachyesphalus dtdacryius 1250 3 (73.0) 4 Crapuscular Hypaiboas faber (Wisd-Newwied, 1321) 3(13.6) 19(864) 2 Nocturnal
{Izecksohn, 1971) Hypsiboas pardaliz (Spix, 1824) 2(100) 2 IDI
Brachyeephaluz =p. 1 (50.0) 105000y 2 jinig W psiboas Faenis 9100 g Moctumal
Izchnocnema gusntkari 3(6.2) I H0.0Y  20(4353) a5 Lrepuscular-noctomal g; 13?-3?%3,59“} o
(Steindachner, 1864) Hypsiboas secedens (B. Lutz, 1963) W0 2 DI
Ischnocnema octavivi (Bokenmann, 1963) 5(714) 1288 7 Crepuscular Hypsiboas semilinearus (Spix, 1824) 15¢1000 15 Mocturnal
Isehnocnsma oea (Heyer, 1984) 2(30.0) 00 4 DT Phasmakyla guttata (4. Lutz, 1924) 1(100) 1 i)
Izclmoenema parva (Girard, 1833) 9(10.3) 6(65.1) 21(244) 86 Crepuscular Plyllomedusa burmeistari 10333} 2(66T) 3 mI
Im.lfmﬁmeme_: P [zr lactsa 3143 15714 3140 21 Crapuscular (Boulenger, 18582)
(Miranda-Ribeiro, 1323] Scimax albicans (Bokermann, 1967) 2(25.0) 6(75.0) 1 Noctarmal
Iscimornmajwpom 1{100) 1 IDI Scinax alter (B. Lutz, 1973) 1 (100} 1 DI
(Sazma & Cardoso. 1978] Seinax angrenziz B. Lutz, 1973 1401000 14 Moctwnal
Buforudae s Scinax argyrecrnanis 1100 1 IDI
ngi_‘raphr‘\ni:cu: hnﬁmﬂ'ﬁ::unr.s ] 1(30.0% 1(30.0) 2 IDI (Miranda-Ribewo, 1926)
(Jménez de la Expada, LSTL“18707) . Scinax cardosei 13Q100) 13 Noctumal
Rhinalla ornata (Spax. 1824) 3214} 3214 S5 14 Noctumal (Carvalho-e Silva & Peixoto, 1991)
Rhinella crucifer (Wied-Neuwied, 1811} 1100 1 DI Scinax fuscovarius (A. Lutz, 1925) 2(10.0) 18(90.0) 20 Nocturmal
Riinalla icterica (Syix, 1824) 20167 4(333  &(50) 12 Mocturnal Scinax flavoguttams (Lutz & Lutz, 1939) 48B3 SEET 12 Noctamnal
;ﬁ:ﬁ;ﬁm —— — 5 - Seinax humiliz (B. Lutz, 1954) 17¢100) 17 Mocturnal
e e Seinax aff perersca Pombal 5{100}y 5 Noctarnal

R Haddad & Kaszhara, 1995
Craugastordae Seinax of. perpusilius 1{100) 1 mI
Euparkerella brasiliensis (Parker, 19260 1(38) 14(53.8 11{423) 26  Crepusenlarnoctumal (A Lutz & B. Lutz, 1939)
Litgor el cotiinu furbtion, (9 iz . : s Scinax mapicheiroi (B. Lutz, 1954) TQ00) 7 Noctumal
Haddadus binotatus (Spix. 1824) 8(2.1) 34 (386 46(523) 23  Crepuscular-noctrrmal Seinicn tipiiicasti 26T 1033 3 D
Uycinramphadie: .. . ;s Silva and Alves-Silv:
gt‘;tm: f‘g;i‘{”’“” LD e 48 Hettmenad Seinax vk Lutz. 1968) 8(389) 1(1LD)
Odfanmnfrnm-u amaicaus 1 (100 1 DL e l!udi::ﬁ: x-signams (Spix, 1824} 6100} 6

v - i 28
ma;i.mfm siie S i el Crossodacoiis aeneus Muller, 1924 1766300 S(185 S(8S) 27 :
(Wied Newswied. 1835} ¥ Cm:.rr:*d‘.r:cqv{a::f gaudichandii T (700 2 {20.0) 1(10.0) 10 Diwrnal
Procarminphess malmogopon 100345 14(483) 5(172) 29  Digmal crepuscular Ky dec sty 1 ST
(Miranda-Ribeiro, 1326) Crossedactylus sp. 2 (100) 2 _IDI
Thewrvapser wiiliarric (Gpix, 1834) 00108 1R(AAR @56 A6 Cremenbmnnchrmbl Hylodes pipilans 3O 150 4 Drrmal
Zichanmis i (G 18573 1333) 1(33) 1033H 3 I (Canedo & Pombal, 2007)
L Hylode: phyvllodes Hever & Cocroft, 1986 18(857) 2(95) 148 21 Diurnal

Pl i S 10333y 2667 3 DI Hylodes charadranaste: Heyer & 300 5
S Cocroft, 1936
.4,;farmd'ﬁ:m il 2 (100 2 oI .Hegasfo:iagoddi’:’ (Baumann 1912} 1 (1000 1
(Cruz & Peixoto, 1987 "1983 7 .
Al tdiiis wsenics 1286 SOLY 7 Moctumal ; ata Steindachzer, 124 200488 Crepuscular-noctunal
(Carvalho-e-Silva & Carvalho-e Siva, 2005) 1867 :
Aplartodiseus leucomgius 2{100) 4 [y — Leptodactyluz larrans (Linnaens, 1758) 1{7.1) 13929 14 Noctornal
(Craz & Peroto, 1985 19847 Iepmdqcz_v(m mystacinus 1 (100) 1 DI
Bokormannolyla civamdata 1(55) 17(944) 18 Nocturnal (Burmeister, 1861)
(Cope, 1871) Leptodactyius spixii Heyer, 1983 14100} 1 I

Bakermannohyla sp. (g circumdara) 1{16.7) 35(83.D) & Moctunal




Analyzing each species separately

15 species (21.7%)
during both the

/ crepuscular and
nocturnal surveys

Higher number of

individuals at dusk mmmmm) 24 species (34.8%)
and night for most were found only at
species. night

15 (21.7%) were
found during all
three periods




Comparing to other areas

Our study - The<crepuscular together with the nocturnal>
periods - about 88% of the individuals recorded.

Rocha et al. (2000) in Atlantic forest area - 71% (nine species)

durin@urnal samp@
Menin et al. (2008) in Central Amazania (total of 30 species
recorded) - 73% (25 species

Summers (2002) similar values in a Panamanian forest (77 %)




Families and activity

Hylids were predominantly nocturnal

Terrestrial direct-developers [comprising the Terrarana sensu
Hedges et al. (2008) and represented here by the families
Brachycephalidae and Craugastoridae] tend to have
crepuscular-nocturnal activity.

Nocturnal or crepuscular-nocturnal activity for the
Leptodactylidae, Bufonidae and Cycloramphidae

Only species of the family Hylodidae can be considered as
diurnal in our study.



24 Family Hylodidae

Ry Genus Hylodes and Crossodactylus
vien . . .
i All species exclusively diurnal

Life essencially
restrict to streams
and rivulets inside

forests

Hylodes fredi

Constitute species
particularlly
vulnerable to
extinction

Real Area of
ocupation (AO) too
much smaller than
supposed Present method of

_'qgm threaten risk
e

Hylodes nasus

evaluation (IUCN) is

still generalized to Overestimate the real Area
all species of ocupation (AO) of these
species restrict to
streamswhich is too much
smaller!

Crossodactylus gaudichaudii



Conservation of amphibians

The importance of considering the efetcive Ocupation Area (AO) for species of life
restricted to streams and rivulets as the area of the hidric system

Pl o

I'nderestimation of Extinction Threat to
Stream-Dwelling Amphibians due to Lack of
Comsideration of Narrow Area of Occupancy
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Table 1. EOG, A, percentage of AOO relative to EO0, and current and progosed IVCEN status of 2 endemic stream-dwelling amphibian species
endemic to state of Rio de Janeiro in Brazil.

Anura: Hylodidae  FOO (km®)  AOO -RI/RZ/RI (km®) ADO/FOO (RIRZ/RIF (%) /P IUCN status” TITCN eriteria”

H. charadranaetes  5209.21
H. pipitans 415191

53.80/108.24/182.05 LOVZ/35 DIVEN
37.76/75.T8/127.07 09/1.8/3:1 DIVEN

EN B2ahdiii)
EN Blabiii-+2ab(iiiy

A yhbrendations: R1. B2, and £3 are the widths of ripartan romes of 15, 30, and 50 m, respeciively, wsed io estimate the A0
P ABbrersalions: ¢, ciurrent [UCN stalus; F, proposed IUCN stalus; D0, data deftotent: EN, endangered,
Ceriterton btit} based om approximately 1% forest loss recorded n the state of the Rio de_fanetro belween 1990 and 2005 .

(a) b} —=

(d)

Atantic Ocean M Forest [l Riparian zone 50m Riparian zone 30m [ Riparian zone 15m

Figure 1. (a) Range of H. pipilans in the state of Rio de faneiro, (b)) EOO poiygon, (c) forested area within ECO
Podygon, and (d) enlarged area in a forest fragment showing the riparian zones (15, 30, and 50 m out from the
edge of rivers and streams) used 1o estimate AOO,

Almeida Gomes, Rocha and Vieira, 2014 , Conservation Biology 28 (2) : 616-619



Anurans of Atlantic Rainforets
Where are endemics and threatened species?
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Regions of Rio de Janeiro State with concentration of endemic and threatened frog



General conclusions

e QOur study evidences a trend for a conspicuous
change in biodiversity of frogs along the
forested landscape in Rio de Janeiro

 most of such change may be explained based
on geographic distance among areas possibly
reflecting also structural and altitudinal
differences among areas.



General conclusions

Our results indicated the need of conservation
efforts on amphibian species, especially:

* To those frog-rich areas of the state.

e Those with life restrict to streams in the forest
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