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ABSTRACT 

Effects of amphibian species loss on freshwater ecosystem structure and functioning: current knowledge and research 
gaps.
 
Amphibians are one of the most endangered groups of vertebrates, and they have key ecological roles in freshwater ecosystems 
and linking the aquatic and terrestrial environments. Still, studies on how amphibian species loss can alter freshwater ecosystem 
structure and functioning are scarce. This review summarizes the results of 129 studies exploring the effects of amphibians on 
freshwater communities (algae, zooplankton and macroinvertebrates) and food webs, as well as key ecosystem processes (leaf 
litter decomposition, phytoplankton and periphyton accrual, nutrient cycling, and ecosystem metabolism). Most studies (71%) 
focused on anuran species and less so on urodeles (21%) or both groups (8%). While we found some general patterns, species-
specific characteristics often induced different outcomes. The high variety of results suggests that amphibians should be prioritized 
in future experimental studies if we are to understand the ecological consequences of species loss in this vulnerable group.

KEY WORDS: freshwater ecosystems, amphibians, Anura, Caudata, periphyton, decomposition, communities.

RESUMEN

Efectos de la pérdida de especies de anfibios en el funcionamiento y la estructura de ecosistemas de agua dulce: 
conocimiento actual y necesidades de investigación.

Los anfibios son uno de los grupos de vertebrados más amenazados y tienen un papel clave en el funcionamiento de 
los ecosistemas de agua dulce y como nexo entre ecosistemas dulceacuícolas y terrestres. Sin embargo, los estudios sobre 
cómo afecta la pérdida de anfibios a la estructura y funcionamiento de ecosistemas de agua dulce son escasos. Esta 
revisión resume los resultados de 129 estudios que han investigado los efectos de los anfibios en comunidades de agua 
dulce (algas, zooplancton y macroinvertebrados) y en redes tróficas, así como en procesos ecosistémicos (descomposición 
de hojarasca, acumulación de fitoplancton y perifiton, ciclos de nutrientes, y metabolismo de ecosistemas). La mayoría 
de los estudios (71%) se enfocaban en especies de anuros y había menos investigando urodelos (21%) o ambos grupos 
(8%). Aunque se encontraron algunos patrones generales, normalmente las características específicas de cada especie 
inducían diferentes efectos. La gran variedad de resultados sugiere que se deberían priorizar los anfibios en futuros 
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INTRODUCTION

Biodiversity is currently declining at rates that 
are comparable to those reported for past mass 
extinctions, where more than three quarters of 
Earth’s species were lost in geologically short 
intervals (Barnosky et al., 2011, Ceballos et al., 
2017). Unlike those events, which were caused 
by extreme natural phenomena, species losses at 
present are being mostly originated by anthropo-
genic impacts such as habitat loss and fragmenta-
tion (Haddad et al., 2015), pollution (Sigmund et 
al., 2023), climate change (Thomas et al., 2004), 
or the expansion of invasive species (Bellard et 
al., 2016) and emergent diseases (Daszak et al., 
2000). Importantly, while species extinctions are 
worrying by themselves due to the intrinsic val-
ue of biodiversity (Ghilarov, 2000, IPCC, 2014), 
they can also bring important consequences for 
ecosystem functioning that need to be investigat-
ed (Boyero et al., 2021, Cardinale et al., 2011, 
Cardinale et al., 2006, Hooper et al., 2012). 

Freshwater ecosystems are especially impor-
tant for Earth’s biodiversity, since they harbour 
around 6% of all described species despite the 
fact that they only occupy the 0.8% of the global 
surface (Dudgeon et al., 2006). However, these 
ecosystems are suffering extinction rates consid-
erably higher than those of marine or terrestrial 
ecosystems (Reid et al., 2019, Sala et al., 2000). 
Remarkably, freshwater ecosystems are not only 
affected by the loss of freshwater species, but 
also by extinctions in their surrounding terrestri-
al ecosystems. This occurs because of the strong 
land-water interactions existing in riparian areas, 
with terrestrial plants providing fundamental re-
sources for aquatic consumers, and animals such 
as insects and amphibians having both aquatic 
and terrestrial life stages (Kominoski et al., 2013).
Freshwater ecosystem functioning and structure 
are known to be affected by biodiversity loss at 
different trophic levels, both through bottom-up 
and top-down effects, in both brown and green 

food webs (Cardinale et al., 2011). Brown food 
webs are sets of trophic relationships whose 
flux of energy proceeds from the processing of 
dead organic matter (Odum, 1969). Bottom-up 
effects have been more or less well document-
ed for them, with higher diversity in a leaf lit-
ter mixture often inducing faster decomposition 
than would be expected based on the species 
present in the mixture (López-Rojo et al., 2018), 
although the effects of plant diversity on decom-
position are variable and highly dependent on 
species identities (Cardinale et al., 2011, Swan, 
2021). In green food webs, those whose flux of 
energy proceeds from primary producers such as 
plants or algae (Odum, 1969), the reported ef-
fects of algal diversity on ecosystems are strong-
er and more consistent, if not universal, with 
higher diversity leading to higher rates of pri-
mary production or algal biomass accrual (Car-
dinale et al., 2011). While top-down effects have 
been less studied, a higher diversity of consum-
ers generally leads to higher consumption rates. 
Thus, higher detritivore diversity can accelerate 
decomposition through facilitation and resource 
partitioning (Gessner et al., 2010), with particu-
larly strong effects when species differ in traits 
such as body size or mouthparts (Swan, 2021, 
Tonin et al., 2018), and higher grazer diversity 
can more efficiently reduce periphyton biomass 
accrual (Hillebrand & Shurin, 2005). 

Amphibians are one of the most endangered 
groups of vertebrates, with nearly 40% of spe-
cies threatened of extinction, having suffered im-
portant species losses in the three orders in the 
class Amphibia: Anura (frogs and toads), Cau-
data (salamanders and newts) and Gymnophiona 
(caecilians; Bolochio et al., 2020, Collins, 2010, 
Wake & Vredenburg, 2008). Amphibian popu-
lation declines are driven by several factors that 
interact among them. Climate change decreases 
amphibian survival through reductions in the time 
that temporary waters are available for amphibi-
an larval development, isolation of their popula-

estudios experimentales para entender las consecuencias ecológicas de la pérdida de especies de este grupo vulnerable.
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tions due to amphibians having to move to higher 
locations to maintain in their temperature range, 
and increase in their exposure to UV radiation 
due to lower water depth (Blaustein et al., 2003, 
Blaustein et al., 2010, Li et al., 2013, Lundsgaard 
et al., 2020). Habitat loss and fragmentation is 
highly linked to agriculture due to wetland, for-
est and grassland destruction to create new crop 
fields, infrastructure to connect them, or dams 
for water supply. These have effects on amphibi-
an populations, mainly causing direct deaths and 
displacing them to less suitable habitats and iso-
lating them, which imply a reduction in genetic 
diversity and an increase of their vulnerability 
to stochastic events (Cushman, 2006). Pollution 
effects can be caused by several contaminants, 
such as pesticides, fertilizers, heavy metals or 
microplastics, and despite the different conse-
quences depending on each pollutant, in general 
they cause reduced survival and growth, impaired 
development, and morphological and behavioural 
abnormalities (Blaustein et al., 2003, López-Rojo 
et al., 2024, Wesner et al., 2020). Invasive species 
also have severe effects on amphibian conserva-
tion, as many taxa, mainly fishes, other amphib-
ians, reptiles, mammals and crayfish can predate 
on native amphibians. Some invaders, mainly 
plants, are ecosystem engineers that severely 
modify terrestrial and aquatic habitats. Invasive 
amphibians can also compete with native ones for 
resources, hybridize with them, producing sterile 
hybrids that reduce the reproductive success or 
fertile hybrids that can outcompete their parental 
population, and spread diseases (Falaschi et al., 
2020, Nunes et al., 2019). Recently, emergent in-
fectious diseases have been the most devastating 
factor causing amphibian extinctions (Fisher & 
Garner, 2020). In the last decades, global com-
merce has made possible that fungal pathogens 
increase their distribution area and their virulence 
through recombination and hybridization with 
previously allopatric related lineages (Fisher et 
al., 2012), a phenomenon that has been aggravat-
ed by climate change (Thumsová et al., 2025). 
Thus, invasive fungal pathogens have spread 
worldwide, infecting native plants and animals 
and leading to the decline and extinction of more 
sensitive taxa, which represents an enormous 
threat for host species (Almeida et al., 2019, 

Fisher et al., 2020, Fisher et al., 2012, Harvell et 
al., 2002, Thumsová et al., 2023). Most affected 
amphibians have been reduced or extinct due to 
infection by Batrachochytrium dendrobatidis 
Longcore, Pessier & D.K. Nichols and Ranavirus 
(Berger et al., 1998, Fisher & Garner, 2020, Lips, 
2016, Rosa et al., 2017), with European urodeles 
also threatened by B. salamandrivorans Martel 
A., Blooi M., Bossuyt F., Pasmans F. (Martel et 
al., 2014, Stegen et al., 2017). 

Amphibians are important consumers in many 
freshwater ecosystems, where they can influence 
ecosystem functioning through top-down effects 
in different ways depending on their trophic lev-
el, which can vary from primary consumers to 
top predators (Davic & Welsh Jr, 2004, Hocking 
& Babbitt, 2014). Many anuran larvae are peri-
phyton grazers, often more efficient than inverte-
brates, and they are known to control periphyton 
biomass accrual and algal communities through 
direct consumption (Barnum et al., 2022, Con-
nelly et al., 2008, Kupferberg, 1997b, Mallory & 
Richardson, 2005, Ranvestel et al., 2004, Row-
land et al., 2017, Whiles et al., 2013). Anuran 
larvae can also influence ecosystem processes 
through nutrient release due to bioturbation ¬–
that is, the removal of sediment and upper peri-
phyton layers– and excretion, which can stimu-
late primary production and decomposition and 
control nutrient cycling (Connelly et al., 2008, 
Iwai & Kagaya, 2007, Iwai et al., 2009, Kupfer-
berg, 1997b, Rugenski et al., 2012, Schmidt et al., 
2019, Whiles et al., 2013). In addition, they can 
influence invertebrate communities in different 
ways, since they can either compete with them 
for resources or facilitate their access to under-
lying food (Barnum et al., 2022, Colón-Gaud et 
al., 2009, Colón-Gaud et al., 2010, Kupferberg, 
1997b, Ranvestel et al., 2004).

On the other hand, urodele larvae and adults 
are predators that feed on zooplankton, macroin-
vertebrates or other amphibian larvae, depending 
on their size. Thus, their activity can alter the 
abundance and community structure of their prey 
(Arribas et al., 2014, Blaustein et al., 1996, Holo-
muzki et al., 1994, Urban, 2013). Besides, their 
predatory activity not only affects their prey, but 
can also control lower trophic levels through top-
down effects and trophic cascades. On the one 
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hand, predators can induce direct effects, with 
prey consumption leading to reduced prey abun-
dance, which in turn leads to lower consumption 
of basal resources by this prey (Blaustein et al., 
1996, Holomuzki et al., 1994). On the other hand, 
predators can also have indirect effects through 
nutrient release due to bioturbation and excre-
tion (Munshaw et al., 2013); or due to changes in 
prey foraging activity in the presence of predators 
(Alonso et al., 2024b).

MATERIALS AND METHODS

This review attempts to summarize the knowledge 
on how amphibian biodiversity loss affects fresh-
water ecosystem structure and functioning. Spe-
cifically, it examines how depletion or diversity 
reduction of anurans and urodeles influence leaf 
litter decomposition, periphyton photosynthesis 
and accrual and structure of algal and invertebrate 
communities, food webs, nutrient cycling, and 
ecosystem metabolism. With that aim, a literature 
search was conducted in the Web of Science, us-
ing the terms TS=(amphibian* OR anuran* OR 
frog* OR toad* OR tadpole* OR urodele* OR 
salamander* OR newt*) and TS=(decomposi-
tion* OR photosynthesis* OR periphyton* OR 
biofilm* OR alga* OR web* OR top-down* OR 
consumptive*) and TS=(pond* OR stream* OR 
freshwater* OR aquatic*) not TS=(newtonian OR 
newton OR ecotoxic*).

The search was done on the 13th of June of 
2025, with no lower time range indicated (i.e., all 
studies published up to the searching date were 
included). Initially, 931 records were identified. 
Then, a selection of articles of interest was done, 
based on the available information in the title and 
abstract, followed by a thorough content check 
that resulted in 129 publications that fulfilled 
our searching criteria. We decided to retain the 
papers examining effects of amphibian presence 
or diversity on ecosystem structure and function-
ing (phytoplankton biomass, periphyton accrual 
and community, macrophyte and metaphyton bi-
omass, zooplankton abundance and community, 
macroinvertebrate abundance, growth and com-
munity, food web structure, leaf litter decomposi-
tion, nutrient cycling and ecosystem metabolism). 
The selected records included 113 empirical stud-

ies, 15 review papers and a paper proposing a 
mathematical model.

RESULTS

From the three orders in the class Amphibia –
Anura (frogs and toads), Caudata (salamanders 
and newts) and Gymnophiona (caecilians)–, all 
studies focused on the first two ones, since cae-
cilians are scarce and they present terrestrial lar-
vae, so they do not affect directly freshwater eco-
systems. In contrast, most anurans and urodeles 
have aquatic larvae and terrestrial adults, or even 
have entirely aquatic adults (Pough et al., 2018). 
Considering the 113 empirical studies, 81 papers 
focused on anurans, 23 focused on urodeles, and 
9 studied both groups.

Effects of anuran loss on freshwater ecosystems

Out of the 90 studies that addressed the effects 
of anuran loss on freshwater ecosystems, 
12 considered total depletion of complex 
communities, whereas the rest addressed the 
loss of specific species. All papers studying total 
depletion were field studies conducted in streams 
of Panama, except for one performed in USA, 
where they compared ecosystem functioning and 
structure before and after amphibian depletion 
due to Batrachochytrium dendrobatidis. Taking 
into account the 67 experimental studies included 
in this review that addressed the effects of the 
absence of single anuran species, a total of 56 
species of 14 different families was analysed. 

Anuran loss effects on phytoplankton varied 
depending on the species, but with contrasting re-
sults even within the same species. Considering 
the 20 studies that have examined phytoplankton 
responses to anuran loss, 6 of them found reduc-
tions in phytoplankton biomass, 8 did not detect 
any effect, 5 observed increases, and one found 
one species loss having no effect whereas the loss 
of the other reduced phytoplankton biomass (Ta-
ble 1, Table S1 (supplementary information, avail-
able at https://www.limnetica.com/en/limnetica)). 
Anuran loss effects on periphyton were more con-
sistent, with 33 of the 55 studies which analyse 
this variable showing an increase in periphyton, 
as well as 3 more observing an increase after the 



Effects of amphibian loss on freshwater ecosystems

Limnetica, 46(2): 00-00 (2027)

Ta
bl

e 
1.

 E
ffe

ct
s 

of
 th

e 
di

ffe
re

nt
 a

nu
ra

n 
sp

ec
ie

s 
lo

ss
 o

n 
ph

yt
op

la
nk

to
n,

 p
er

ip
hy

to
n,

 m
ac

ro
ph

yt
e 

y 
m

et
ap

hy
to

n,
 z

oo
pl

an
kt

on
, m

ac
ro

in
ve

rte
br

at
es

, l
ea

f l
itt

er
 d

ec
om

po
si

tio
n 

an
d 

ec
os

ys
te

m
 m

et
ab

ol
is

m
. E

fe
ct

os
 d

e 
la

 d
es

ap
ar

ic
ió

n 
de

 la
s d

is
tin

ta
s e

sp
ec

ie
s d

e 
an

ur
os

 e
n 

fit
op

la
nc

to
n,

 p
er

ifi
to

n,
 m

ac
ró

fit
os

 y
 m

et
af

ito
n,

 zo
op

la
nc

to
n,

 m
ac

ro
in

ve
rt

eb
ra

do
s, 

de
s-

co
m

po
si

ci
ón

 d
e 

ho
ja

ra
sc

a 
y 

m
et

ab
ol

is
m

o 
de

l e
co

si
st

em
a.

Sp
ec

ie
 lo

st
L

oc
at

io
n

Ph
yt

op
la

nk
to

n
Pe

ri
ph

yt
on

M
ac

ro
ph

yt
es

 a
nd

 
m

et
ap

hy
to

n
Z

oo
pl

an
kt

on
M

ac
ro

in
ve

rt
eb

ra
te

s
L

ea
f l

itt
er

 d
e-

co
m

po
si

tio
n

E
co

sy
st

em
 

re
sp

ir
at

io
n

E
co

sy
st

em
 

pr
im

ar
y 

pr
od

uc
tio

n

Ag
al

ly
ch

ni
s c

al
lid

ry
as

Pa
na

m
a,

 C
en

tra
l 

A
m

er
ic

a
-1 , 

-2 , 
+3

+1 , 
+2

+1 , 
+2 , 

+3

Al
yt

es
 o

bs
te

tr
ic

an
s

Sp
ai

n,
 E

ur
op

e
+4 , 

-5
-4

An
ax

yr
us

 a
m

er
ic

an
us

U
SA

, N
or

th
 

A
m

er
ic

a
+6

06 , 
07 , 

08 , 
+9 , 

+10
, +

11
, +

12
06

+9 , 
-12

09

An
ax

yr
us

 b
or

ea
s

U
SA

, N
or

th
 

A
m

er
ic

a
+15

+15
, ≠

16
, +

17
+15

An
ax

yr
us

 w
oo

dh
ou

si
i

U
SA

, N
or

th
 

A
m

er
ic

a
018

, 0
19

018
, 0

19
, 0

20
018

Aq
ua

ra
na

 c
at

es
be

ia
na

 
U

SA
 a

nd
 C

an
ad

a,
 

N
or

th
 A

m
er

ic
a

021
+22

Aq
ua

ra
na

 c
at

es
be

ia
na

 
U

SA
, N

or
th

 
A

m
er

ic
a*

023
+24

+24
023

+23
, 0

25

As
ca

ph
us

 tr
ue

i
C

an
ad

a 
an

d 
U

SA
, 

N
or

th
 A

m
er

ic
a

+26
, 0

27
, +

28
, 

+29
, 0

30
030

≠21
, +

23
, +

28
, 0

30
026

-26

Ba
tr

ac
hy

la
 ta

en
ia

ta
A

rg
en

tin
a,

 S
ou

th
 

A
m

er
ic

a
-31

031

Bo
m

bi
na

 v
ar

ie
ga

ta
Ita

ly
, E

ur
op

e
+32

Bo
op

hi
s q

ua
si

bo
eh

m
ei

M
ad

ag
as

ca
r, 

A
fr

ic
a

-33

C
on

t.



Alonso et al.

Limnetica, 46(2): 00-00 (2027)

Sp
ec

ie
 lo

st
L

oc
at

io
n

Ph
yt

op
la

nk
to

n
Pe

ri
ph

yt
on

M
ac

ro
ph

yt
es

 a
nd

 
m

et
ap

hy
to

n
Z

oo
pl

an
kt

on
M

ac
ro

in
ve

rt
eb

ra
te

s
L

ea
f l

itt
er

 d
e-

co
m

po
si

tio
n

E
co

sy
st

em
 

re
sp

ir
at

io
n

E
co

sy
st

em
 

pr
im

ar
y 

pr
od

uc
tio

n
Bu

fo
 b

an
ko

re
ns

is
Ta

iw
an

, A
si

a
+34

Bu
fo

 b
uf

o
U

K
 a

nd
 It

al
y,

 
Eu

ro
pe

+35
, +

36
+32

Bu
fo

 ja
po

ni
cu

s
Ja

pa
n,

 A
si

a
-37

Bu
fo

te
s v

ir
id

is
Is

ra
el

, A
si

a
+38

C
ri

ni
a 

si
gn

ife
ra

A
us

tra
lia

, O
ce

an
ia

+39

D
en

dr
op

so
ph

us
 e

br
ac

ca
tu

s
Pa

na
m

a,
 C

en
tra

l 
A

m
er

ic
a

-1 , 
02

+1 , 
+2

01 , 
+2

D
en

dr
op

so
ph

us
 m

in
ut

us
B

ra
zi

l, 
So

ut
h 

A
m

er
ic

a
+40

D
is

co
gl

os
su

s g
al

ga
no

i
Sp

ai
n,

 E
ur

op
e

-41
-41

+41

Ep
id

al
ea

 c
al

am
ita

Sp
ai

n,
 E

ur
op

e
-41

+41
-41

+41

H
yl

a 
an

de
rs

on
ii

U
SA

, N
or

th
 

A
m

er
ic

a
019

019

H
yl

a 
ch

ry
so

sc
el

is
U

SA
, N

or
th

 
A

m
er

ic
a

+42
+42

042

H
yl

a 
m

er
id

io
na

lis
Sp

ai
n,

 E
ur

op
e

-41
-41

+41

H
yl

a 
ve

rs
ic

ol
or

U
SA

, N
or

th
 

A
m

er
ic

a
+43

, 0
44

+11
, +

12
, +

43
, 

+44
+43

, 0
44

-12
045

045

Li
m

no
dy

na
st

es
 ta

sm
a-

ni
en

si
s

A
us

tra
lia

, O
ce

an
ia

-46
+46

+46
+46

-46

Li
m

no
dy

na
st

es
 p

er
on

ii
A

us
tra

lia
, O

ce
an

ia
+39

Li
th

ob
at

es
 b

la
ir

i
U

SA
, N

or
th

 
A

m
er

ic
a

+47
+47

C
on

t.

Ta
bl

e 
1,

 C
on

t.



Effects of amphibian loss on freshwater ecosystems

Limnetica, 46(2): 00-00 (2027)

Sp
ec

ie
 lo

st
L

oc
at

io
n

Ph
yt

op
la

nk
to

n
Pe

ri
ph

yt
on

M
ac

ro
ph

yt
es

 a
nd

 
m

et
ap

hy
to

n
Z

oo
pl

an
kt

on
M

ac
ro

in
ve

rt
eb

ra
te

s
L

ea
f l

itt
er

 d
e-

co
m

po
si

tio
n

E
co

sy
st

em
 

re
sp

ir
at

io
n

E
co

sy
st

em
 

pr
im

ar
y 

pr
od

uc
tio

n

Li
th

ob
at

es
 c

la
m

ita
ns

C
an

ad
a,

 N
or

th
 

A
m

er
ic

a
+48

, +
49

+22
-50

Li
th

ob
at

es
 p

al
m

ip
es

Ve
ne

zu
el

a,
 S

ou
th

 
A

m
er

ic
a

051
, ≠

52

Li
th

ob
at

es
 p

ip
ie

ns
U

SA
, N

or
th

 
A

m
er

ic
a

+6
06 , 

08
06

Li
th

ob
at

es
 sp

he
no

ce
ph

al
us

 
U

SA
, N

or
th

 
A

m
er

ic
a

053
, -

54
053

, +
54

, +
55

053
, 0

54
+54

Li
th

ob
at

es
 sy

lv
at

ic
us

U
SA

, N
or

th
 

A
m

er
ic

a
056

056
, +

57
, 0

58
, 

+59
, +

60
056

, +
58

, +
59

, 0
60

≠58
, +

59
, +

60
056

056

Li
th

ob
at

es
 w

ar
sz

ew
its

ch
ii

Pa
na

m
a,

 C
en

tra
l 

A
m

er
ic

a
+61

061

Li
to

ri
a 

ew
in

gi
i

N
ew

 Z
ea

la
nd

, 
O

ce
an

ia
*

-62
+62

+62
+62

062

Li
to

ri
a 

ge
ni

m
ac

ul
at

a
A

us
tra

lia
, O

ce
an

ia
063

Li
to

ri
a 

se
rr

at
a

A
us

tra
lia

, O
ce

an
ia

064
-64

M
an

tid
ac

ty
lu

s m
el

an
o-

pl
eu

ra
M

ad
ag

as
ca

r, 
A

fr
ic

a
-33

M
yx

op
hi

es
 c

og
ge

ri
A

us
tra

lia
, O

ce
an

ia
+64

064

Pe
lo

ba
te

s c
ul

tr
ip

es
Sp

ai
n,

 E
ur

op
e

-41
+41

, +
63

+41

Pe
lo

ph
yl

ax
 p

er
ez

i
Sp

ai
n,

 E
ur

op
e

-41
-41

+41

Ps
eu

da
cr

is
 c

ru
ci

fe
r

U
SA

, N
or

th
 

A
m

er
ic

a
019

, 0
53

019
, +

53
, 0

57
053

Ps
eu

da
cr

is
 re

gi
lla

U
SA

, N
or

th
 

A
m

er
ic

a
066

+20
, -

66
, 0

67
+66

066
, 0

67
067

Ta
bl

e 
1,

 C
on

t.

C
on

t. 



Alonso et al.

Limnetica, 46(2): 00-00 (2027)

Sp
ec

ie
 lo

st
L

oc
at

io
n

Ph
yt

op
la

nk
to

n
Pe

ri
ph

yt
on

M
ac

ro
ph

yt
es

 a
nd

 
m

et
ap

hy
to

n
Z

oo
pl

an
kt

on
M

ac
ro

in
ve

rt
eb

ra
te

s
L

ea
f l

itt
er

 d
e-

co
m

po
si

tio
n

E
co

sy
st

em
 

re
sp

ir
at

io
n

E
co

sy
st

em
 

pr
im

ar
y 

pr
od

uc
tio

n

Ps
eu

da
cr

is
 tr

is
er

ia
ta

U
SA

, N
or

th
 

A
m

er
ic

a
018

018
018

Pt
yc

ha
de

na
 a

nc
hi

et
ae

N
on

 st
at

ed
, A

fr
ic

a
+68

Ra
na

 b
oy

lii
U

SA
, N

or
th

 
A

m
er

ic
a

+23
, -

67
+67

-67

Ra
na

 c
as

ca
da

e
U

SA
, N

or
th

 
A

m
er

ic
a

069
+69

+69

Ra
na

 ja
po

ni
ca

Ja
pa

n,
 A

si
a

-37

Ra
na

 o
rn

at
iv

en
tr

is
Ja

pa
n,

 A
si

a
-37

Ra
na

 te
m

po
ra

ri
a

U
K

 a
nd

 It
al

y,
 

Eu
ro

pe
+36

, +
70

+33
, +

70

Ra
no

id
ea

 a
lb

og
ut

ta
ta

A
us

tra
lia

, O
ce

an
ia

-71
071

071
071

Rh
ac

op
ho

ru
s a

rb
or

eu
s

Ja
pa

n,
 A

si
a

-37

Sc
in

ax
 fu

sc
ov

ar
iu

s
Pa

na
m

a,
 C

en
tra

l 
A

m
er

ic
a

-72

Sm
ili

sc
a 

si
la

Pa
na

m
a,

 C
en

tra
l 

A
m

er
ic

a
+73

073
-73

To
ta

l d
ep

le
tio

n
Pa

na
m

a,
 C

en
tra

l 
A

m
er

ic
a

+74
, +

75
, +

76
, 

+77
, +

78
, +

79
, 

+80
, +

81

≠74
, +

75
, ≠

76
, 0

77
, -

79
, 

-80
, 0

81
, ≠

82
, 0

83
083

-78
, -

79
, -

81
, 

083
+78

, 0
79

, +
81

To
ta

l d
ep

le
tio

n
U

SA
, N

or
th

 
A

m
er

ic
a

≠84

 1 C
os

ta
 &

 V
on

es
h 

(2
01

3a
), 

2 C
os

ta
 &

 V
on

es
h 

(2
01

3b
), 

3 H
ite

 e
t a

l. 
(2

01
8)

, 4 A
lo

ns
o 

et
 a

l. 
(2

02
2)

, 5 A
lo

ns
o 

et
 a

l. 
(2

02
4a

), 
6 D

is
te

l &
 B

oo
ne

 (2
01

0)
, 7 D

is
te

l &
 B

oo
ne

 (2
00

9)
, 8 D

is
te

l &
 B

oo
ne

 (2
01

1)
, 9 H

ol
om

uz
ki

 &
 H

em
ph

ill
 

(1
99

6)
, 10

H
ol

om
uz

ki
 (1

99
7)

, 11
Sm

ith
 &

 B
ur

ge
tt 

(2
01

2)
, 12

Sm
ith

 e
t a

l. 
(2

01
2)

, 13
R

et
tig

 e
t a

l. 
(2

02
1)

, 14
G

. R
. S

m
ith

 e
t a

l. 
(2

01
6)

, 15
H

ar
jo

e 
et

 a
l. 

(2
02

2)
, 16

B
en

ne
tt 

et
 a

l. 
(2

01
5)

, 17
W

oo
d 

&
 R

ic
ha

rd
so

n 
(2

01
0)

, 18
H

ar
ris

 (1
99

5)
, 

19
M

or
in

 (1
99

5)
, 20

M
or

in
 e

t a
l. 

(1
99

0)
, 21

Sm
ith

 e
t a

l. 
(2

00
6)

, 22
Fr

an
ce

 &
 W

el
bo

ur
n 

(1
99

2)
, 23

Pr
es

to
n 

et
 a

l. 
(2

01
2)

, 24
K

up
fe

rb
er

g 
(1

99
7a

), 
25

La
w

le
r e

t a
l. 

(1
99

9)
, 26

A
tw

oo
d 

et
 a

l. 
(2

01
4)

, 27
K

iff
ne

y 
&

 R
ic

ha
rd

so
n 

(2
00

1)
, 

28
La

m
be

rti
 e

t a
l. 

(1
99

2)
, 29

M
al

lo
ry

 &
 R

ic
ha

rd
so

n 
(2

00
5)

, 30
R

os
en

fe
ld

 (1
99

7)
, 31

Ja
ra

 &
 P

ue
ta

 (2
02

3)
, 32

M
an

en
ti 

et
 a

l. 
(2

01
7)

, 33
R

am
am

on
jis

oa
 &

 N
at

uh
ar

a 
(2

01
8)

, 34
W

an
g 

&
 K

am
 (2

01
9)

, 35
B

ar
ds

le
y 

&
 B

ee
be

e 
(2

00
0)

, 
36

B
ar

ds
le

y 
&

 B
ee

be
e 

(2
00

1)
, 37

Iw
ai

 &
 K

ag
ay

a 
(2

00
7)

, 38
B

la
us

te
in

 &
 M

ar
ga

lit
 (1

99
4)

, 39
M

ok
an

y 
&

 S
hi

ne
 (2

00
3)

, 40
de

 L
im

a 
M

am
ed

e 
&

 N
om

ur
a 

(2
02

1)
, 41

A
rr

ib
as

 e
t a

l. 
(2

01
4)

, 42
D

vo
rs

ky
 e

t a
l. 

(2
02

3)
, 43

Va
n 

M
et

er
 e

t 
al

. (
20

11
), 

44
Va

n 
M

et
er

 &
 S

w
an

 (2
01

4)
, 45

Va
n 

M
et

er
 e

t a
l. 

(2
01

2)
, 46

M
ok

an
y 

(2
00

7)
, 47

W
ar

d 
et

 a
l. 

(2
02

3)
, 48

G
ra

ha
m

 &
 V

in
eb

ro
ok

e 
(1

99
8)

, 49
H

ol
om

uz
ki

 (1
99

8)
, 50

St
ol

er
 e

t a
l. 

(2
01

6)
, 51

K
no

ll 
et

 a
l. 

(2
00

9)
, 52

So
lo

m
on

 e
t 

al
. (

20
04

), 
53

M
ill

s &
 S

em
lit

sc
h 

(2
00

4)
, 54

R
ow

la
nd

 e
t a

l. 
(2

01
7)

, 55
H

er
na

nd
ez

 &
 C

ha
lc

ra
ft 

(2
01

2)
, 56

R
ub

bo
 e

t a
l. 

(2
01

2)
, 57

M
or

in
 &

 Jo
hn

so
n 

(1
98

8)
, 58

Pa
rla

to
 &

 M
ot

t (
20

23
), 

59
Pa

rla
to

 &
 M

ot
t (

20
25

), 
60

R
oh

r &
 C

ru
m

rin
e 

(2
00

5)
, 61

B
ar

nu
m

 e
t a

l. 
(2

01
3)

, 62
Ea

rl 
et

 a
l. 

(2
02

3)
, 63

Iw
ai

 e
t a

l. 
(2

00
9)

, 64
Sc

hm
id

t e
t a

l. 
(2

01
9)

, 65
Pi

ne
ro

-R
od

ríg
ue

z 
et

 a
l. 

(2
02

1)
, 66

A
nd

er
so

n 
&

 K
ne

ite
l (

20
15

), 
67

K
up

fe
rb

er
g 

(1
99

7b
), 

68
M

cL
ac

hl
an

 (1
98

1)
, 69

B
uc

k 
et

 a
l. 

(2
01

5)
, 70

B
rö

nm
ar

k 
et

 a
l. 

(1
99

1)
, 71

Iw
ai

 e
t a

l. 
(2

01
2)

, 72
C

oc
ha

k 
et

 a
l. 

(2
02

4)
, 73

R
ug

en
sk

i e
t a

l. 
(2

01
2)

, 74
B

ar
nu

m
 e

t a
l. 

(2
02

2)
, 75

C
ol

ón
-G

au
d 

et
 a

l. 
(2

00
9)

, 76
C

ol
ón

-G
au

d 
et

 a
l. 

(2
01

0)
, 77

C
on

ne
lly

 e
t a

l. 
(2

00
8)

, 78
C

on
ne

lly
 

et
 a

l. 
(2

01
4)

, 79
R

an
ta

la
 e

t a
l. 

(2
01

5)
, 80

R
an

ve
st

el
 e

t a
l. 

(2
00

4)
, 81

W
hi

le
s e

t a
l. 

(2
01

3)
, 82

C
ol

ón
‐G

au
d 

et
 a

l. 
(2

01
0)

, 83
C

on
ne

lly
 e

t a
l. 

(2
01

1)
, 84

T.
 C

. S
m

ith
 e

t a
l. 

(2
01

6)
.

Ta
bl

e 
1,

 C
on

t.



Effects of amphibian loss on freshwater ecosystems

Limnetica, 46(2): 00-00 (2027)

loss of one species, but no effect for the loss of 
another, and another 3 ones finding only changes 
in algal community composition. However, there 
were also 2 studies that found amphibian loss in-
ducing a decrease in periphyton, 13 that found no 
effect, and another one that found reduction for 
one species and no effect for the other. Besides, 3 
of the 5 studies considering sediment mass found 
increases after amphibian loss, with other one 
showing increases for one species and no effect 
for the other, and the remaining one founding de-
creased sediment mass after tadpole loss (Table 
1, Table S2 (supplementary information, availa-
ble at https://www.limnetica.com/en/limnetica)). 
When taking into account amphibian depletion, 
all of the 8 studies in Panamanian streams found 
increases in periphyton accrual after amphibian 
loss (Table 1, Table S2). Only 4 studies analysed 
the effects of anurans loss on macrophytes, and 
they increased in all of them (Table 1, Table S3 
(supplementary information, available at https://
www.limnetica.com/en/limnetica)). A similar pat-
tern was observed for metaphyton, which showed 
an increase after anuran loss in the 3 studies that 
analysed it (Table 1, Table S3).

Anuran loss induced two main different re-
sponses on zooplankton, with 11 out of the 21 
studies detecting no changes in zooplankton 
abundance or communities, 9 of them finding 
an increase in zooplankton after anuran loss and 
one study which found either increase or no ef-
fect, depending on the species (Table 1, Table S4 
(supplementary information, available at https://
www.limnetica.com/en/limnetica)). Anuran loss 
can influence macroinvertebrate abundance and 
community structure, but effects are again high-
ly variable. Most studies showed that amphibian 
loss increased macroinvertebrate abundance, sur-
vival or size, with 12 of the 25 studies showing 
that pattern, 2 showing increases for one species 
and no effect for another, and another finding in-
creases or decreases depending on macroinverte-
brate development stage. However, other 4 found 
reduced abundance, survival or size after am-
phibian loss, and 6 studies showed no effects on 
size, survival or abundance, although 2 of them 
observed changes in community composition 
(Table 1, Table S5 (supplementary information, 
available at https://www.limnetica.com/en/lim-

netica)). In streams which have suffered amphibi-
an depletion, the pattern is similarly unclear, with 
one study observing increased macroinvertebrate 
abundance, two observing reductions, three find-
ing changes in community and four observing no 
significant effects (Table 1, Table S5). The effects 
of anuran depletion on food webs are unclear and 
require more research (Table S6, supplementary 
information, available at https://www.limnetica.
com/en/limnetica): in Panamanian stream with 
amphibian depletion, one study found that food 
webs were similar, whereas the other found a re-
duction in organic matter transfer from produc-
ers to all consumers (Table S6). Despite the fact 
that the loss of specific anuran species altered 
food webs in the four studies that analysed it, the 
changes were different in each of them (Table S6).

Regarding leaf litter decomposition, most 
studies have found no effects of anuran loss, with 
7 out of 10 studies showing this pattern, although 
another study found either no effect or reductions 
of leaf litter decomposition depending on the spe-
cies, and other 2 observed reduced decomposition 
(Table 1, Table S7 (supplementary information, 
available at https://www.limnetica.com/en/lim-
netica)). Related with leaf litter, the two studies 
that analysed leaf litter nutrients found that anuran 
loss reduced them, and another study found a re-
duction in FPOM after amphibian loss (Table S7). 
In streams with total depletion, only one study 
observed leaf litter decomposition, and found that 
it was not significantly affected, as well as bacte-
rial and fungal biomass, with other four studies 
observing alterations in particulate organic matter 
after amphibian depletion (Table S7). 

Only one study examined nutrient cycling, 
finding that it was slowed down after amphibi-
an loss. However, other studies have measured 
changes in nutrient concentrations and the results 
are divided between studied that observed anuran 
loss reducing nutrient concentration, with 4 of the 
8 studies, and absence of significant effects in the 
other 4 (Table S8, supplementary information, 
available at https://www.limnetica.com/en/lim-
netica). Both studies analysing nutrient cycling 
after amphibian depletion in streams found that 
it was slowed down (Table S8). Regarding eco-
system respiration, most studies have found re-
duced ecosystem respiration after amphibian loss 
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in both single species loss (2 of the 3 studies) and 
amphibian depletion (3 of 4 studies), with the re-
maining ones finding no significant effect (Table 
1, Table S8). In primary production, results are 
more varied, with one study showing increases 
after anuran loss, 2 without significant effects, an-
other with a reduction of primary production, and 
the last one with no effect or reduction depend-
ing on the species (Table 1, Table S8), and when 
taking into account full ecosystems which have 
suffered amphibian depletion, 2 studies found an 
increase in primary production and another one 
did not find significant effects (Table 1, Table S8).

Effects of urodele loss on freshwater ecosystems

Considering the 53 experimental studies includ-
ed in this review that addressed the effects of the 
absence of specific species, a total of 17 species 
of urodeles were studied, belonging to 4 of the 9 
families of urodeles.

The response of phytoplankton to urodele 
presence and density is ambiguous, with 5 of the 
10 studies that addressed it showing phytoplank-
ton reductions after urodele loss and the other 5 
studies showing no effects (Table 2, Table S1). In 
periphyton, urodele loss did not significantly af-
fect it in most studies (8 out of 13), although there 
are 4 studies that observed periphyton accrual re-
duction after urodele loss and one that found and 
increase periphyton accrual (Table 2, Table S2). 
Only one study observed the effects of urodele 
loss on macrophyte biomass and found reductions 
in plant biomass, however, urodele loss was si-
multaneous to that of several anurans, and thus its 
effect could not be differentiated (Table 2, Table 
S3).

Zooplankton abundance was generally en-
hanced after urodele loss, with 6 of the 12 stud-
ies showing that result, but one study showed a 
reduction in zooplankton abundance and the oth-
er 5 had no effect on abundance, although 2 of 
them showed changes in community structure 
(Table 2, Table S4). Similar effects were found 
for macroinvertebrates, where most studies (8 
out of 15) observed an increase in macroinverte-
brate abundance after urodele loss, with another 
one observing either an increase in abundance or 
no effect depending on the species lost, another 

showing changes in community structure and 5 
studies finding no significant differences (Table 2, 
Table S5). Only two studies have observed the ef-
fects of urodele density on food webs, finding that 
changes in density altered food webs. However, 
as these studies implied the loss of the whole 
community, including anurans and urodeles, it is 
unclear whether effects were mediated by urode-
les (Table S6).

Only two studies have analysed the effects of 
urodeles on leaf litter decomposition, and they 
have observed contrasting results, with one of 
them observing an increase in decomposition af-
ter urodele loss, and the other one showing a re-
duction in leaf litter decomposition after urodele 
loss, without effects on aquatic hyphomycete 
communities (Table 2, Table S7). Only one study 
analysed the effect of urodeles on nutrient cy-
cling, and found that urodele loss slowed down 
nutrient recycling. And in the two studies con-
sidering nutrient concentration in water, one of 
them observed increased PO4- concentration after 
urodele loss, and another one found no effects, 
but there could be complex interactions among 
species, since their loss was coupled with those of 
several anurans (Table S8). Only two studies have 
examined the effects of urodele loss on ecosys-
tem metabolism and showed contrasting results, 
with one of them observing no effect, and the oth-
er ones finding increased respiration and primary 
production after urodele loss (Table 2, Table S8).

DISCUSSION

Effects of anuran loss on freshwater ecosystems

The effects of anuran loss on phytoplankton were 
mainly related to tadpole feeding behaviour. The 
positive effects of anuran larvae loss are mainly 
due to the disappearance of more generalist species 
that can feed efficiently both in periphyton and 
phytoplankton and actively reduced its biomass 
through foraging and consumptive effects 
(Dvorsky et al., 2023), whereas the loss of other 
species that feed preferentially on periphyton and 
have lower efficiency filtering phytoplankton, 
generally showed no significant effect (Buck et 
al., 2015, Preston et al., 2012, Rubbo et al., 2012). 
Although the effects of nonconsumptive  effects 
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are also important, since they can induce that the 
loss of both generalist species and benthic grazer 
have no effect or even reduced phytoplankton 
biomass, likely due to the absence of tadpole 
nutrient release through excretion and the control 
of macrophytes and periphyton by tadpole 
grazing, which compete with phytoplankton for 
nutrient and light (Anderson & Kneitel, 2015, 
Costa & Vonesh, 2013a, Earl et al., 2023, Iwai 
et al., 2012, Mokany, 2007, Rowland et al., 
2017). The different outcomes with the loss 
of the same species showed the importance of 
specific conditions, since ecosystem limitations 
determinate the effects of species loss (Costa 
& Vonesh, 2013a, 2013b, Hite et al., 2018, Van 
Meter & Swan, 2014, Van Meter et al., 2011). For 
example, light was more limiting than nutrient 
concentration, and thus, controlled effects of 
anuran loss, as the lack of nutrient release due 
to anuran excretion reduced phytoplankton 
abundance in light conditions, but had no effect 
on shadow conditions (Earl et al., 2023).

Periphyton showed a more consistent response 
to anuran loss, with the loss of tadpoles induc-
ing an increase in periphyton accrual due to anu-
ran larvae being highly efficient grazers, whose 
effect cannot be substituted by other grazers as 
macroinvertebrates (Alonso et al., 2022, Atwood 
et al., 2014, Barnum et al., 2013, Barnum et al., 
2022, Brönmark et al., 1991, Colón-Gaud et al., 
2009, Rowland et al., 2017, Rugenski et al., 2012, 
Whiles et al., 2013). However, it is important to 
consider that the magnitude of the effect depends 
on the species, because tadpoles of different spe-
cies can be more or less efficient grazers than oth-
ers (Costa & Vonesh, 2013a, 2013b, Kupferberg, 
1997a, Morin & Johnson, 1988, Schmidt et al., 
2019, G. R. Smith et al., 2016). Not only tadpole 
species influenced their effects, but also the size of 
the individuals, since the absence of big individu-
als induced greater increases in periphyton accru-
al than the loss of smaller ones (Parlato & Mott, 
2025). These effects of anuran loss on periphyton 
do not affect evenly to all algal taxa. The main in-
creases after tadpole loss were filamentous green 
algae and diatoms, specially big-sized, stalked 
and loosely attached ones, in detriment of small 
and firmly attach algae, since the former ones are 
more easily removed by bioturbation and are less 

prone to intact passage through tadpole gut and 
subsequent recolonization (Alonso et al., 2022, 
Barnum et al., 2013, Barnum et al., 2022, Con-
nelly et al., 2008, Graham & Vinebrooke, 1998, 
Lamberti et al., 1992, Ranvestel et al., 2004, Sol-
omon et al., 2004, Wang & Kam, 2019). These 
differential effects on the different algal taxa can 
even induce periphyton accrual reduction after 
amphibian loss, as observed with Cladophora, 
which increased the net growth of periphyton due 
to being avoided by tadpoles, which at the same 
time reduced its competitive pressure due to their 
consumption of diatoms (Kupferberg, 1997b). 
Despite being usually weaker than consumptive 
effects, indirect effects are also important and can 
lead to absence of effects of anuran loss on peri-
phyton or even a decrease due to tadpole nutrient 
release in the water column and macrophyte cover 
reduction (Anderson & Kneitel, 2015, Iwai et al., 
2012, Parlato & Mott, 2023). Other mechanisms 
could also reduce periphyton accrual and algal 
richness after anuran loss on periphyton in tropi-
cal areas, where anuran larvae and adults favour 
algal propagation when they stick to frog skin 
or are eaten by tadpoles and colonize new areas 
after intact passage through the guts (Cochak et 
al., 2024). Besides, it is also important to consid-
er other components of freshwater communities 
when assessing the effects of amphibian diversi-
ty on periphyton accrual, since the combination 
of anurans with invertebrates grazers as mayflies 
and snails leads to facilitation mechanisms that 
can induce greater increases in periphyton ac-
crual after their loss than were expected based 
on their individual effects (Bennett et al., 2015, 
Holomuzki & Hemphill, 1996, Rosenfeld, 1997). 
Interactions among different anuran species are 
also important, as the loss of the only anuran 
species of one ecosystem can induce an increase 
in periphyton accrual, but in presence of other 
anuran species, it could reduce periphyton accru-
al if this species outcompeted other more active 
species, displacing them from the best foraging 
sites, but after their loss those other species can 
increase grazing pressure on periphyton (Alonso 
et al., 2024a, Alonso et al., 2022). The inorgan-
ic components that attach to periphytic algae are 
also important for ecosystem functioning as they 
influence algal composition and hinder the access 
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to periphyton to small grazers (Ranvestel et al., 
2004), and it have been observed to increase after 
anuran loss, due to  tadpole removing sediment 
mass while feeding more efficiently than inverte-
brates (Connelly et al., 2008, Flecker et al., 1999, 
Ranvestel et al., 2004, Schmidt et al., 2019, Sol-
omon et al., 2004, Wood & Richardson, 2010).

Macrophytes and metaphyton also showed an 
increase after anuran loss. That increase in mac-
rophyte biomass was caused by tadpole scrapping 
leading to considerable damage in macrophytes 
(Anderson & Kneitel, 2015, Earl et al., 2023, 
Pinero-Rodríguez et al., 2021), with differences 
depending on anuran traits, with greater effects 
with the loss of bigger and more active tadpoles 
(Arribas et al., 2014). Plant identity is also im-
portant, as tadpoles prefer feeding on plants de-
pending on their traits, and even if in the pres-
ence of only one species, they are going to feed 
on it and reduce its biomass, in the presence of 
several plants, they could mainly feed on the pre-
ferred species, inducing shifts in the community 
after their loss, due to the recovering of the one 
suffering the highest grazing pressure (Earl et al., 
2023). The increase in metaphyton biomass after 
anuran loss was due to similar mechanisms, since 
tadpoles reduced their biomass by grazing them, 
especially when plants are smaller and softer 
(France & Welbourn, 1992, Kupferberg, 1997a, 
Mokany, 2007).

These different effects observed for anuran 
loss in zooplankton could be again dependent on 
the species, with some studies showing no effects 
and others finding an increase in zooplankton 
abundance and altered communities after tadpole 
loss. The effect of those species on zooplankton 
is mainly caused by tadpole competing with them 
over resources, as phytoplankton or other floating 
organic particles, since, in absence of predators, 
zooplankton are mainly limited by resource avail-
ability, and tadpoles can reduce it even if they are 
not as efficient in their foraging (Buck et al., 2015, 
Costa & Vonesh, 2013a, Harjoe et al., 2022, Hite 
et al., 2018). Still, differences could also be due 
related to other factors, since the same species 
was shown to either reduce zooplankton abun-
dance or have no effect, depending on the specific 
conditions (Costa & Vonesh, 2013a, 2013b, Par-
lato & Mott, 2023, 2025, Rohr & Crumrine, 2005, 

Van Meter & Swan, 2014, Van Meter et al., 2011). 
It could be due to the different initial zooplankton 
communities, since tadpoles outcompete some 
zooplankton taxa, as copepod nauplii and rotifers, 
but had no effect on others, such as cladocerans 
and ostracods (Van Meter et al., 2011). Tadpole 
size can also influence zooplankton communities, 
with greater tadpoles having more influence than 
smaller ones, even if they are of the same species, 
given their greater potential to induce trophic cas-
cades (Parlato & Mott, 2025). 

Anuran loss can influence macroinvertebrate 
community structure, but effects are again highly 
variable, with some studies showing changes in 
species composition, others finding reductions or 
increases in overall abundance or macroinverte-
brate size, and still others showing no effects. The 
increase in macroinvertebrate abundance and size 
or the alterations in community after tadpole loss 
can be due to different pathways. Small macroin-
vertebrates with fast cycles and flying adults, as 
Culididae and Chironomidae, can be benefitted 
by amphibian loss since tadpoles can reduce their 
abundance through predation and dislodging of 
their cases while grazing, and adult insect avoid 
laying eggs on ponds with tadpoles (Blaustein & 
Margalit, 1994, Earl et al., 2023, Holomuzki & 
Hemphill, 1996, Kiffney & Richardson, 2001, 
Mokany, 2007, Mokany & Shine, 2003, Rohr & 
Crumrine, 2005, Rowland et al., 2017). In the case 
of greater or strict macroinvertebrate grazers, as 
snails, similar results are found due to compet-
itive pressure, due to anuran larvae being more 
efficient grazers than most invertebrates (Atwood 
et al., 2014, Brönmark et al., 1991, Kiffney & 
Richardson, 2001, Lamberti et al., 1992, Preston 
et al., 2012, Rohr & Crumrine, 2005). Negative 
effects on macroinvertebrate abundance and size 
after tadpole loss have been shown mainly for 
more generalist macroinvertebrates as caddisflies 
and isopods, due to tadpoles releasing particulate 
organic matter that invertebrates can feed on, al-
lowing their access to previously unavailable re-
sources though bioturbation and altering leaf litter 
conditioning and traits (Alonso et al., 2022, Iwai 
& Kagaya, 2007, Jara & Pueta, 2023). Although 
negative effects of anuran loss have also been 
found for strict grazers, as snails, which reduced 
their abundance after tadpole loss, due to tadpoles 
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feeding on phytoplankton inducing resource relo-
cation from the floating column to the benthos by 
ingestion and egestion or nutrient cycling (Smith 
et al., 2012). Anuran loss not only affect their 
competitors, but can also affect their predators 
depending on the species lost, as observed with 
the increase of dragonfly larvae after the loss of 
non-palatable tadpoles, whereas loss of tadpoles 
without noxious substances had no effect (Ma-
nenti et al., 2017). The ecological context is high-
ly important in determining which of these effects 
is more dominant. Regarding anuran larvae, it is 
important to consider the species lost, the other 
amphibians in the community and their develop-
ment stage and size (Kupferberg, 1997b, Parla-
to & Mott, 2023, 2025). But macroinvertebrate 
community is also a key determinant of those ef-
fects, noy only because the different invertebrates 
species are affected differently depending on their 
characteristics, as explained before, but also due 
to the interactions among species that modulate 
anuran loss effects. For example, tadpole loss in-
creased chironomid abundance but only in com-
munities with presence of mayflies, since only 
in the presence of both species, bioturbation was 
strong enough to affect chironomid larvae (Ros-
enfeld, 1997). Complex interactions can also be 
found due to different life forms of metamorphos-
ing insects, as chironomid larval abundance and 
size reduced by tadpole loss, since their activity 
produce particulate organic matter that larval chi-
ronomids can feed on, but ultimately tadpole loss 
had a positive effect on adult chironomid abun-
dance, since tadpoles eat their pupae (McLachlan, 
1981). Changes in communities after depletion of 
complex amphibian communities were related 
to the different ecosystem responses to anuran 
loss, as increases in sediment accrual and algal 
biomass, homogenization of algal biofilm, reduc-
tions in the amount of available CPOM and its 
palatability, with a great importance of the mac-
roinvertebrate community composition (Barnum 
et al., 2022, Colón-Gaud et al., 2009, Colón‐Gaud 
et al., 2010, Rantala et al., 2015). 

The wide range of interactions among anurans 
and macroinvertebrate described in the previous 
paragraph favour the understanding of the con-
trasting effects of anuran loss on food webs that 
have been observed. The food web structure can 

be maintain after amphibian loss due to generalist 
and plastic behaviour of invertebrates (Barnum 
et al., 2015). Oppositely, a decrease in organic 
matter transfer can be induced by an increase in 
periphyton due to the lack of tadpoles that act as 
the main grazers, what also changed the food web 
structure from one mainly based on periphyton to 
another where the main transfer started on par-
ticulate organic matter (Whiles et al., 2013). The 
loss of anuran species altered food webs due to 
changes in trophic positions of the other species, 
as other anuran changed their feeding to take ad-
vantage of empty niches left by the lost species 
(Arribas et al., 2015, Belouard et al., 2024), fish 
and macroinvertebrates altered their diet due to 
the absence of residues produced by tadpole ex-
cretion, bioturbation and carcasses (Barnum et 
al., 2013, Gobel et al., 2023), and macroinver-
tebrates increased their niches after competitive 
and predatory release due to tadpole loss (Gobel 
et al., 2023).

The absence of effects of amphibian loss on 
leaf litter decomposition found in most studies is 
likely due to tadpoles preferring to feed on other 
substrates, mainly periphyton, making their con-
sumptive effects scarce (Connelly et al., 2011, 
Earl et al., 2023, Iwai et al., 2012). However, 
interactions among species are also important 
in this variable, as loss of some anuran species 
showed no effect by themselves, but it reduced 
the effect of shredder macroinvertebrates on leaf 
litter decomposition, since tadpoles release nutri-
ents that increase leaf litter palatability, produce 
FPOM that invertebrates can feed on, favouring 
a bigger invertebrate size, facilitate invertebrate 
feeding on leaves by removing biofilm and sed-
iment, and increase nutrient content of leaves by 
increasing the concentration of dissolved nutri-
ents available to immobilization in leaves by mi-
crobial decomposers (Iwai & Kagaya, 2007, Iwai 
et al., 2012, Iwai et al., 2009, Rugenski et al., 
2012). Although there are some tadpoles whose 
loss directly decrease leaf litter decomposition, 
through similar pathways to those that benefitted 
macroinvertebrate activity, as well as direct con-
sumption of leaves (Ramamonjisoa & Natuhara, 
2018, Schmidt et al., 2019, Stoler et al., 2016). 
Tadpole loss can also affect to other related pro-
cesses as particulate organic matter production, 
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but the effects on each size portion of particulate 
organic matter is highly dependent on amphibi-
an characteristics and environmental conditions, 
as they can be decreased after tadpole loss due 
to tadpole increasing it through faecal materials 
and releasing small fragments of periphyton and 
leaves while grazing, or increase after their loss 
due to tadpole consuming it (Colón-Gaud et al., 
2009, Colón-Gaud et al., 2010, Rantala et al., 
2015, Rugenski et al., 2012). Besides, amphibi-
an depletion did not induce any change in fungal 
or bacterial communities, which may be due to 
tadpoles feeding on microbes while grazing, but 
also stimulating their growth through nutrient re-
lease, with both processes disappearing after tad-
pole loss (Connelly et al., 2011). All of this shows 
the importance of species-specific characteristics 
of different anurans in their effects on leaf litter 
decomposition, since traits such as size, feeding 
mode and activity can determine whether their 
presence affects leaf litter decomposition and the 
extent of these effects.

The slowing down of nutrient cycling and re-
ductions in nutrient concentrations usually found 
after tadpole loss are likely due to tadpole con-
sumption of periphyton, phytoplankton, or more 
rarely invertebrates, and release of the nutrients 
stored there through excretion (Iwai et al., 2012, 
Knoll et al., 2009, Mokany, 2007, Ramamonjisoa 
& Natuhara, 2018, Rantala et al., 2015, Wang & 
Kam, 2019, Whiles et al., 2013). Although nutri-
ent release is also related to their stoichiometry 
and different species would induce greater in-
creases of some nutrients or others, what could be 
the cause of the absence of effects after the loss of 
other anuran larvae (Holomuzki, 1998, Iwai et al., 
2012, Iwai et al., 2009, Knoll et al., 2009, Kupfer-
berg, 1997b, Preston et al., 2012).

The different results for ecosystem metabolism 
observed after tadpole loss in different studies and 
species could be explained by the environmental 
differences. Streams with a greater importance of 
primary production are more likely to be influ-
enced by amphibian loss that those mainly heter-
otrophic, since their main effect is over periphytic 
algae, what could explain the decrease in respira-
tion after anuran loss in Canadian and Panamani-
an streams (Atwood et al., 2014, Connelly et al., 
2008, Rantala et al., 2015, Whiles et al., 2013) 

and the absence of effects in US ponds (Rubbo 
et al., 2012). The variety of consequences of am-
phibian loss among studies measuring respiration 
associated with leaf litter decomposition is likely 
due to water characteristics, since effects of am-
phibian loss on respiration depends on indirect ef-
fect through nutrient release, and the different in 
ecosystem chemistry could determine if amphib-
ian loss cause reduction of respiration or no ef-
fect (Connelly et al., 2011, Rugenski et al., 2012, 
Van Meter et al., 2012). Effects of amphibians on 
primary production also rendered different results 
in the different species, with two counteractive 
processes that leaded to different outcomes de-
pending on the strength of each one. Amphibian 
loss could reduce primary production due to the 
increase of nutrient concentration caused by tad-
pole activity (Connelly et al., 2008, Kupferberg, 
1997b, Mokany, 2007), but it could also increase 
it due to anuran intense consumptive effects on 
periphyton that limited the potential primary 
production of the ecosystems due to the scarcity 
of producers (Connelly et al., 2008, Ward et al., 
2023, Whiles et al., 2013). These different effects 
are likely induced by the different algal com-
munities, since depending on if tadpole grazing 
induce a stronger reduction in algae with higher 
or lower primary production efficiency, their loss 
can cause contrasting effects. 

Effects of urodele loss on freshwater ecosystems

The response of phytoplankton to urodele loss 
is ambiguous and may depend on the amphibian 
species, since the different predatory effects on 
herbivorous organisms leads to different phyto-
plankton responses. Thus, both adult and larvae 
salamander loss reduced phytoplankton chloro-
phyll through trophic cascades on phytoplankton 
consumers such as zooplankton, macroinverte-
brates and anurans, as well as by stimulating algal 
growth by releasing nutrients through excretion 
(Arribas et al., 2014, Benoy, 2008, Holomuzki et 
al., 1994, Morin, 1995). The presence or absence 
of these effects varied depending on species, but 
the developmental stage could also be influencing 
the variety of patterns; for example, the loss of 
early stages, which feed mainly on zooplankton, 
reduced phytoplankton biomass, but this was not 



Effects of amphibian loss on freshwater ecosystems

Limnetica, 46(2): 00-00 (2027)

the case for later stages, which feed on macroin-
vertebrates and anuran larvae and thus did not 
induce a trophic cascade affecting phytoplankton 
(Rudolf & Van Allen, 2017). However, these dif-
ferences were also found for salamanders of the 
same species and development stage, what could 
be due to the complexity of trophic cascades, 
since they can lead to different outcomes depend-
ing on the identity and traits of all the compo-
nents of the ecosystem, as the different interac-
tions among species can significantly alter those 
processes (Mills & Semlitsch, 2004, Morin, 1995, 
Relyea et al., 2005). 

Most studies on urodele effects on periphyton 
have shown no effects, as observed for several 
North American salamanders, both adults and lar-
vae, due to the absence of top-down effects that 
reached the basal resources since the consumer 
communities compensated those effects or the 
abundance of armoured predator-resistant inver-
tebrates precluded any change in their commu-
nities (Atlas et al., 2013, Bayer & Lowe, 2021, 
Harris, 1995, Morin, 1995, Rowland et al., 2017, 
Rubbo et al., 2012). However, developmental 
stage was also an important factor, as salaman-
der loss induced an increase in periphyton bio-
mass when salamander larvae were at early and 
intermediate stages but not at later stages (Rudolf 
& Van Allen, 2017). A different trend was found 
for urodeles in Europe and Asia, whose loss re-
duced periphyton density through trophic cas-
cades, since their predatory pressure on grazing 
zooplankton, macroinvertebrates and anuran tad-
poles was strong enough to trophic cascades that 
reduced grazing pressure on algae. It was caused 
by both, direct consumption and reduction of con-
sumer abundance, and indirect effects with chang-
es in macroinvertebrate behaviour leading to feed 
on other resource which leaves them less exposed 
to swimming predators as leaf litter (Alonso et 
al., 2024a, Alonso et al., 2024b, Blaustein et al., 
1996, Ramamonjisoa & Mori, 2019). Still, when 
comparing their effects with those of the loss of 
anuran larvae, urodele effects were weaker, and 
they were overridden by the presence of anurans. 
These lower effects than anurans observed for 
urodeles are likely due to anurans directly reduc-
ing periphyton accrual through direct consump-
tion, whereas urodeles induce trophic cascades 

that increase periphyton accrual through con-
sumption of the grazers. However, both groups 
can also affect periphyton through other indirect 
effects, such as nutrient release on the water col-
umn or sediment removal, which favour algal 
growth, and thus, affecting negatively periphy-
ton accrual after their loss (Alonso et al., 2024a, 
Rowland et al., 2017). 

Effects of urodeles on zooplankton commu-
nities were complex and likely dependent on the 
characteristics of both amphibian and zooplank-
ton communities. The increases in zooplankton 
abundance or biomass after urodele loss observed 
for larvae of different urodeles could be expect-
ed given that several salamander species feed 
on zooplankton, although it could also be due to 
zooplankton releasing diapause eggs in salaman-
der presence, delaying their clutching after sala-
mander reaches low densities (Blaustein, 1997, 
Blaustein et al., 1996, Harris, 1995, Rowland et 
al., 2017, Urban, 2013). But, since not all zoo-
plankton taxa are equally affected by predation, 
zooplankton abundance can be maintained even 
if community is altered since the most sensitive 
taxa will increase their abundance in detriment of 
the more resistant ones, which were dominant in 
salamander presence (Benoy, 2008, Cabrera-Guz-
mán et al., 2017, Mills & Semlitsch, 2004). The 
abundance of those taxa more resistant to preda-
tion or a preferential feeding of salamanders on 
other preys as macroinvertebrates could lead to 
absence of effects of their loss (Benoy, 2008, Roe 
et al., 2006, Rubbo et al., 2012).  These differ-
ences among species could be due to salamander 
size or development stage, since large salaman-
ders preferentially feeds on macroinvertebrates 
and only some zooplankton taxa, leading to low-
er effects on zooplankton than smaller urodeles 
(Benoy, 2008), and similarly, salamander loss al-
tered zooplankton communities in their first and 
intermediate stages, but not at later stages, when 
their diet shift towards larger preys (Rudolf & 
Van Allen, 2017).

Effects of urodeles on macroinvertebrate 
communities were complex and depended on 
several factors. Most studies found an increase 
in macroinvertebrate abundance and changes in 
community structure after urodele loss due to the 
predatory pressure that adult and larvae urodeles 
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induce on invertebrates (Benoy, 2008, Blaustein 
et al., 1996, Takatsu, 2022). However, others 
found no effect, which could be due to the differ-
ent urodele species (Bayer & Lowe, 2021), but 
also to macroinvertebrate community, since ar-
moured invertebrates are less affected by urodele 
activity (Atlas et al., 2013). The fact that some 
species loss render either increases of inverte-
brate abundance or no effects, suggest that con-
sequences of urodele loss on macroinvertebrates 
depend not only on the species, but also on their 
habitat, developmental stage and their interac-
tions with the rest of the community (Alonso et 
al., 2024b, Burgett & Chase, 2015, Manenti et 
al., 2020, Nery & Schmera, 2016, Ptatscheck et 
al., 2025, Reinhardt et al., 2017, Rowland et al., 
2017). Developmental stage influenced the ef-
fects of salamander loss, since they had a stronger 
predatory pressure on macroinvertebrates at ear-
lier stages than at later stages, in relation to the 
change in their diet towards bigger preys as am-
phibian larvae as they grow (Rudolf & Van Allen, 
2017, Takatsu, 2022). The habitat also seemed 
important, since loss of  salamander larvae from 
streams altered macroinvertebrate community in 
different ways than those individuals from ponds 
due to feeding preferentially on different taxa, al-
though the loss of both of them increased their 
abundance (Ptatscheck et al., 2025). Lastly, inter-
actions between macroinvertebrates and amphib-
ians can be relevant, as their effects are caused 
by trophic cascades and they are shaped by the 
identity of each species. For example, two cad-
disflies increased their survival after salamander 
loss when considered individually, however, in 
the presence of both, only one of them increased 
their survival after salamander loss, since it 
preyed on the other one but was more vulnera-
ble to salamander predatory pressure, which in-
duced a net higher survival of the prey caddisfly 
in salamander presence (Wissinger et al., 1999). 
But those effects are also observed in the interac-
tions among urodeles. The loss of one salaman-
der increased macroinvertebrate abundance, but 
in ecosystems with a greater urodele, the loss of 
both had no effect, since the bigger one did not 
feed mainly on macroinvertebrates, but preyed 
on the smaller salamander, reducing its predatory 
pressure on macroinvertebrates (Bayer & Lowe, 

2021). A different example is that the loss of two 
salamanders had no effect on macroinvertebrates 
when taken into account individually, but the loss 
of both in ecosystems where they were previous-
ly significantly increased invertebrate abundance 
and richness, due to their use of different micro-
habitats for foraging, which avoided invertebrates 
from sheltering in the other type of substrate to 
shelter (Keitzer & Goforth, 2013).

Leaf litter decomposition can be affected by 
urodele loss through two complementary path-
ways. Urodele loss increases leaf litter decompo-
sition due to the lack of consumptive effects on 
macroinvertebrates that induce trophic cascades, 
mainly when they were in their early and medi-
um developmental stages (Rudolf & Van Allen, 
2017). But urodele loss can also reduce leaf litter 
decomposition due to non-consumptive effects 
without changes in macroinvertebrate or aquatic 
hyphomycete community, but altering macroin-
vertebrate feeding behaviour, inducing a shift 
from a predominantly leaf litter diet in salaman-
der presence to periphyton grazing activity in 
their absence, as macroinvertebrates prefer feed-
ing on periphyton, but leaf litter provided a safer 
refuge to avoid salamander predation (Alonso et 
al., 2024b).

Urodeles loss was observed to slow down 
nutrient cycling in similar ways to anuran loss. 
Urodele feeding on invertebrates release part 
of those nutrients through excretion, with their 
higher activity benefitting nutrient cycling due 
to their higher consumption and excretion rates 
(Munshaw et al., 2013). However, most research 
is needed, since the studies are scarce and the loss 
of single species have rendered opposite effects 
on nutrient concentrations in water (Arribas et al., 
2014, Holomuzki et al., 1994).

Effects of urodele loss on ecosystem metab-
olism have shown contradictory outcomes in the 
two studies analysing it. The absence of effects of 
salamander loss on primary production or respi-
ration have been linked to the low primary pro-
duction and high dependence of allochthonous 
resources in those streams, which reduces the 
influence of trophic cascades of instream species 
(Rubbo et al., 2012). However,  in less hetero-
trophic environments, salamander loss increased 
respiration and primary production due to the 
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consumption of grazers, as invertebrates and tad-
poles that feed on periphyton, controlling metab-
olism through trophic cascades, but the effect was 
only observed in early and intermediate develop-
ment stages and disappeared on later ones, show-
ing again the importance of the developmental 
changes of amphibians on ecosystem functioning 
(Rudolf & Van Allen, 2017).

CONCLUSIONS AND FUTURE DIREC-
TIONS

In this review, we summarized the results of 129 
studies about effects of amphibians on freshwater 
ecosystem structure and functioning. Despite the 
dramatic decline that amphibians are suffering 
worldwide, knowledge about impacts of amphibi-
an loss on freshwater ecosystems is still very lim-
ited, and most studies have focused on a few fam-
ilies and ecosystems, producing important biases 
and knowledge gaps. Despite finding some con-
sistent effects for some variables, as an increase in 
periphyton, macrophyte and metaphyton biomass 
after anuran loss, most effects described in the lit-
erature were highly variable, and often modulat-
ed by species traits (e.g., feeding mode and body 
size), but also by variation within species, as dif-
ferences in size, sex or development stage (Dav-
enport et al., 2025, Rudolf & Van Allen, 2017, 
Takatsu, 2022). And effects of urodeles were gen-
erally more variable compared to those of anurans 
(Bayer & Lowe, 2021, Stemp et al., 2022), which 
could be related to the more complex mechanisms 
involving trophic cascades that controlled the 
studied variables, but also to the lower number of 
urodele studies. The review evidenced large dif-
ferences across amphibian species in relation to 
their effects on freshwater ecosystems, and that 
variability among species shows the importance 
of understanding the pathways through which the 
traits of each species determine the outcome of 
their loss, especially in those variables that have 
shown a greater range of responses, for example, 
phytoplankton, zooplankton and macroinverte-
brates in the case of anurans. It is also important 
to note that some outcomes depended not only on 
the amphibian species lost, but also on the exper-
imental conditions due to the specific characteris-
tics of the ecosystem and the interactions among 

the different species of the community. These re-
sults allow to point out the main gaps on research 
on the ecological effects of amphibian loss. First-
ly, research have been strongly biased towards 
some groups, while other have been understudied. 
Urodeles have received much less attention than 
anurans, and even within that group, most stud-
ies have focused on two families (Ambystoma-
tidae and Salamandridae) in North America and 
on the effects of their loss on macroinvertebrates. 
Species from other families and locations, as well 
as effects on other ecosystem compartments, are 
still scarce. Research on anurans also presents 
some gaps, with many papers focusing on three 
families (Ranidae, Bufonidae and Hylidae) and, 
again, in North America, whereas other taxa and 
other continents, especially Asia, Africa and Oce-
ania, still remain underrepresented. Another gap 
is related to the type of ecosystem. Most studies 
were conducted in mesocosms simulating ponds, 
and there has also been extensive research on to-
tal amphibian depletion through stream sampling. 
Thus, despite some isolated studies from lakes, 
paddy fields or cave streams, ecosystems different 
from ponds and headwater streams have received 
scarce attention. Lastly, given that the effects of 
amphibian loss are highly related with the other 
components of the community, it is very relevant 
to use real-case scenarios and prioritize field ex-
periments with actual communities and natural 
conditions, with predictions about which species 
are likely to disappear (e.g., as a results of habitat 
loss, climate change, invasive species or infection 
by pathogens), and which ones to remain. Overall, 
investigations about how amphibian loss impacts 
freshwater ecosystems should continue imple-
menting realistic scenarios and widening its scope 
to include less studied ecosystems and taxonomic 
groups, to reach a comprehensive understanding 
of the consequences of plausible extinctions and 
to improve conservation and management meas-
ures to mitigate those effects.
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