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Appendix 1

Ponds included in this study

List of ponds included in the field survey (A) and source ponds for amphibians used in the experiment (B). Area and depth were esti-
mated at maximum water level; proportion canopy cover was measured in mid May after leafout.

Pond Lat./Lon. Area
(m2)

Max. depth
(cm)

Canopy
cover

(A) Survey ponds
Adlikon 47°58’2’’N, 8°69’9’’E 2500 120 0.13

Allmendteich South 47°48’1’’°N, 8°54’5’’E 2500 100 0.14

Airport West Marsh 47°46’7’’°N, 8°53’9’’E 850 65 0.02

Airport Woodland Pond 47°46’2’’°N, 8°54’0’’E 850 90 0.58

Kiesgrube Ebnet 47°54’2’’°N, 8°78’1’’E 360 85 0.00

Räubrichseen West 47°61’3’’°N, 8°67’7’’E 1500 140 0.59

Richetsriet 47°57’2’’°N, 8°73’9’’E 80 35 0.67

Schlosswinkel East 47°46’5’’°N, 8°53’6’’E 250 80 0.59

Schlosswinkel West 47°46’5’’°N, 8°53’5’’E 1000 95 0.32

Schoorenriet 47°58’8’’°N, 8°86’1’’E 15000 100 0.58

Weierhof 47°62’5’’°N, 8°68’6’’E 4000 90 0.01

(B) Source ponds for the experiment
Rana temporaria

Unterholz 47°39’7’’N, 8°56’7’’E 5 25 0.72

Weierhof 47°62’5’’N, 8°68’6’’E 4000 90 0.01

Hyla arborea

Jonas Pond 47°49’5’’N, 8°52’5’’E 225 40 0.00

Triturus alpestris

Strickhof 47°39’5’’N, 8°54’9’’E 60 40 0.20
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Appendix 2

Landmarks for anurans

Side-view landmarks
1	 Most anterior point on the nose
2	 Center of the partially-opened mouth when viewed from the side
3	 Junction of the posterior edge of the lower labium and the body wall
4	 Anterior edge of the iris on a horizontal line extending through the center of the eye
5	 Center of the pupil
6	 Posterior edge of the iris
7	 Lower edge of the head/body at the anterior gut margin
8	 Point at which the edge of the dorsal tail fin attaches to the top of the head/body
9	 Highest point of the head/body or tail fin at 2/3rds of the distance between no. 1 and no. 14
10	 Dorsal edge of the head/body at 2/3rds the distance between no. 1 and no. 14
11	 Ventral edge of the body at 2/3rds the distance between no. 1 and no. 14
12	 Point where upper edge of the tail muscle meets head/body
13	 Point where the notochord (identified from the pattern of myotomes) meets the head/body
14	 Bottom edge of tail muscle meets head/body
15	 Point where the center of the anus meets the lower edge of the tail fin
16	 Dorsal edge of the tail fin at the deepest point
17	 Ventral edge of tail fin directly below no. 16
18	 Upper edge of the tail fin halfway between no. 14 and no. 22
19	 Top of tail muscle at halfway point
20	 Bottom of tail muscle at halfway point
21	 Ventral edge of the tail fin at halfway point
22	 Tip of tail fin

Bottom-view landmarks
1	 Most anterior point on the nose
2	 Left edge of mouth, where the anterior and posterior labial tooth rows converge
3	 Right edge of mouth
4	 Left edge of body at widest point anterior to spiracle
5	 Right edge of body at widest point anterior to spiracle
6	 Left edge of body where intestinal mass is widest



3

7	 Right edge of body at widest part of gut mass
8	 Separation of the head and gut at the midline
9	 Point where the left edge of tail muscle intersects the body
10	 Point where the right edge of tail muscle intersects the body
11	 Left tail muscle edge at half the distance between no. 9/10 and no. 13
12	 Right tail muscle edge at halfway
13	 Tip of tail fin
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Appendix 3

Comparison between mesocosms and natural ponds

Temperature and dissolved oxygen in ponds surveyed in the field (left) and in the experimental mesocosms (right). April and May field 
samples from the same pond are connected by a line; the May sample occurred after the deciduous canopy had leafed out. Experimental 
results (mean ± SE) are averaged across all sample dates. For temperature and DO, the difference between sunny and shaded mesocosms 
roughly paralleled that between open- and closed-canopy ponds in nature
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Appendix 4

Results and statistical analysis of growth and development

Means ± 1 SE of larval growth rate (proportion per day) and development rate (stages per day) of three amphibian species measured over 
two time intervals. The table depicts the F-ratio (p-value) for each effect from repeated measures ANOVA. Block was not significant. 
Abbreviations for the error terms are B = Block, A = Age, S = Species, C = Canopy and P = Predator.

Type of response
DF Error term Growth rate Development rate

Between-subjects effects
Species 2,9 B(S) 123.74 (0.0000) 198.89 (0.0000)
Canopy 1,9 C×B(S) 1.64 (0.2323) 5.65 (0.0414)
Predator 1,9 P×B(S) 0.00 (0.9846) 10.78 (0.0095)
Species × Canopy 2,9 C×B(S) 15.00 (0.0014) 0.05 (0.9522)

Species × Predator 2,9 P×B(S) 2.21 (0.1660) 0.34 (0.7194)

Canopy × Predator 1,9 C×P×B(S) 0.53 (0.4839) 2.67 (0.1364)

Species × Canopy × Pred 2,9 C×P×B(S) 1.01 (0.4024) 9.18 (0.0067)

Within-subjects effects
Age 1,9 A×P×C×B(S) 1354.94 (0.0000) 169.63 (0.0000)
Age × Species 2,9 A×B(S) 3.13 (0.0927) 39.35 (0.0000)
Age × Canopy 1,9 A×C×B(S) 4.74 (0.0574) 0.52 (0.4887)

Age × Predator 1,9 A×P×B(S) 9.21 (0.0141) 2.76 (0.1309)

Age × Canopy × Predator 2,9 A×P×C×B(S) 0.18 (0.6846) 1.05 (0.3322)
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Appendix 5

Results and analysis of behavior

Behavioral (mean ± 1 SE) of three amphibian species reared under experimental manipulation of shade and predation risk. Hiding is the 
proportion of individuals hiding in the substrate; active is the proportion swimming or feeding of those visible; near cage is the propor-
tion within 15 cm of the floating cage. The table depicts the F-ratio (p-value) from separate analyses of variance for each response, which 
were arcsin-sqrt transformed. Block was never significant. Abbreviations for the error terms are B = Block, S = Species, C = Canopy, and 
P = Predator.

Response variable
Error term Hiding Active Near cage

Species B(S) 151.72 (0.0000) 13.23 (0.0109) 5.34 (0.0602)

Canopy C×B(S) 10.99 (0.0090) 1.83 (0.2249) 0.53 (0.4935)

Predator P×B(S) 19.82 (0.0016) 46.15 (0.0005) 131.07 (0.0000)
Species × Canopy C×B(S) 11.83 (0.0030) 0.25 (0.6325) 2.34 (0.1770)

Species × Predator P×B(S) 13.23 (0.0021) 2.82 (0.1441) 87.99 (0.0000)
Canopy × Predator C×P×B(S) 0.14 (0.7147) 1.25 (0.3068) 1.56 (0.2583)

Species × Canopy × Predator C×P×B(S) 5.83 (0.0238) 4.93 (0.0681) 0.04 (0.8397)
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Appendix 6

Results and analysis of color

Head and tail color (means ± 1 SE) of three larval amphibian species (above) and multivariate analysis of variance (MANOVA) on head 
and tail color scores (below) under experimental manipulation of shading and predation risk in mesocosms. The response is a gray-scale 
measurement corrected for the overall brightness of the image. In the MANOVA, treatments involving shade and predation were tested 
over their interaction with block. 

Source DF Wilks’ F p-value

Block(Species) 18,16 6.67 0.0002
Species 4,16 4.17 0.0168
Canopy 2,8 43.44 0.0000
Predation 2,8 1.10 0.3785

Species × Canopy 4,16 6.36 0.0029
Species × Predator 4,16 1.86 0.1666

Canopy × Predator 2,8 0.10 0.9053

Species × Canopy × Predator 4,16 3.22 0.0405
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Appendix 8

Statistical analysis of relative warps in Triturus larvae

Analysis of variance on relative warps describing morphological shape of Triturus alpestris, averaged over two sample dates (age 22 and 
38 days). The table depicts the F-ratio (p-value) for each effect. The block effect was never significant. Abbreviations for the error terms 
are B = Block, S = Species, C = Canopy, and P = Predator.

Source of variation
Response variable % shape variation Canopy Predator Canopy ×

Predator

Error term C×B P×B P×C×B

DF 1,3 1,3 1,3

Side morphology
RW1 39.7 43.23 (0.0072) 0.14 (0.7336) 0.01 (0.9196)

RW2 20.6 195.36 (0.0008) 79.73 (0.0030) 21.29 (0.0192)
RW3 12.6 13.32 (0.0355) 1.40 (0.3214) 1.36 (0.3283)

RW4 6.4 5.10 (0.1091) 47.18 (0.0063) 0.69 (0.4669)

Bottom morphology
RW1 48.6 20.28 (0.0204) 0.11 (0.7591) 0.54 (0.5156)

RW2 16.1 12.17 (0.0398) 16.49 (0.0269) 3.98 (0.1399)

RW3 9.8 9.11 (0.0568) 3.16 (0.1734) 0.98 (0.3962)



10

A
pp

en
di

x 
9

C
on

ve
nt

io
na

l m
or

ph
om

et
ri

c 
re

su
lts

 a
nd

 s
ta

tis
tic

al
 a

na
ly

si
s

Ef
fe

ct
s 

of
 s

ha
di

ng
 a

nd
 c

ag
ed

 p
re

da
to

rs
 o

n 
siz

e-
co

rr
ec

te
d 

m
ea

su
re

s 
of

 t
he

 s
ha

pe
 o

f a
m

ph
ib

ia
n 

la
rv

ae
. P

ar
t 

(1
) 

pr
es

en
ts

 r
es

ul
ts

 fo
r 

Ra
na

 te
m

po
ra

ri
a 

an
d 

H
yl

a 
ar

bo
re

a;
 p

ar
t 

(2
) 

pr
es

en
ts

 r
es

ul
ts

 fo
r 

Tr
itu

ru
s a

lp
es

tr
is.

 T
ra

its
 a

re
 re

sid
ua

ls 
af

te
r r

eg
re

ss
io

n 
ag

ai
ns

t b
od

y 
siz

e 
(c

en
tr

oi
d 

siz
e)

. S
ta

tis
tic

al
 te

st
s a

re
 A

N
O

V
A

s; 
en

tr
ie

s i
n 

th
e 

ta
bl

es
 a

re
 F

-r
at

io
 (p

-v
al

ue
). 

Sy
m

bo
ls 

de
pi

ct
 m

ea
ns

 ±
 1

 S
E

. 

(1
) A

nu
ra

n 
la

rv
ae

. H
ea

d 
le

ng
th

 is
 th

e 
di

st
an

ce
 b

et
w

ee
n 

la
nd

m
ar

ks
 1

 a
nd

 1
4 

in
 th

e 
sid

e 
vi

ew
; h

ea
d 

de
pt

h 
is 

be
tw

ee
n 

10
 a

nd
 1

1 
in

 si
de

 v
ie

w
; h

ea
d 

w
id

th
 is

 b
et

w
ee

n 
4 

an
d 

5 
in

 si
de

 v
ie

w
; t

ai
l l

en
gt

h 
is 

be
tw

ee
n 

14
 a

nd
 2

2 
in

 si
de

 v
ie

w
; t

ai
l d

ep
th

 is
 b

et
w

ee
n 

16
 a

nd
 1

7 
in

 si
de

 v
ie

w
; a

nd
 ta

il 
m

us
cl

e 
w

id
th

 is
 b

et
w

ee
n 

9 
an

d 
10

 in
 th

e 
bo

tt
om

 v
ie

w
. S

ee
 A

pp
en

di
x 

2 
fo

r l
an

dm
ar

k 
de

fin
iti

on
s.

R
es

po
ns

e 
va

ri
ab

le
So

ur
ce

E
rr

or
 te

rm
D

F
H

ea
d 

le
ng

th
H

ea
d 

de
pt

h
H

ea
d 

w
id

th
Ta

il 
le

ng
th

Ta
il 

de
pt

h
M

us
cl

e 
w

id
th

B
(S

)
C

×P
×B

(S
)

6,
6

8.
70

 (0
.0

09
3)

2.
07

 (0
.1

98
9)

6.
56

 (0
.0

18
8)

0.
74

 (0
.6

39
7)

0.
34

 (0
.8

94
4)

1.
17

 (0
.4

26
1)

Sp
ec

ie
s

B
(S

)
1,

6
0.

30
 (0

.6
06

2)
11

3.
46

 (0
.0

00
0)

3.
36

 (0
.1

16
4)

33
.6

4 
(0

.0
01

2)
12

76
.5

4 
(0

.0
00

0)
49

.5
8 

(0
.0

00
4)

C
an

op
y

C
×B

(S
)

1,
6

61
.3

2 
(0

.0
00

2)
4.

31
 (0

.0
83

3)
46

.3
8 

(0
.0

00
5)

32
.3

9 
(0

.0
01

3)
8.

61
 (0

.0
26

2)
1.

20
 (0

.3
15

4)

Pr
ed

at
or

P×
B

(S
)

1,
6

1.
71

 (0
.2

38
7)

7.
41

 (0
.0

34
6)

26
.2

5 
(0

.0
02

2)
18

.4
7 

(0
.0

05
1)

61
.3

3 
(0

.0
00

2)
1.

50
 (0

.2
66

2)

S 
× 

C
C

×B
(S

)
1,

6
39

.6
8 

(0
.0

00
7)

8.
31

 (0
.0

27
9)

6.
86

 (0
.0

39
6)

3.
23

 (0
.1

22
6)

2.
60

 (0
.1

58
0)

9.
73

 (0
.0

20
6)

S 
× 

P
P×

B
(S

)
1,

6
0.

78
 (0

.4
10

2)
7.

56
 (0

.0
33

3)
26

.4
1 

(0
.0

02
1)

0.
02

 (0
.8

90
9)

4.
93

 (0
.0

68
1)

17
.3

5 
(0

.0
05

9)
C

 ×
 P

C
×P

×B
(S

)
1,

6
0.

12
 (0

.7
44

3)
0.

39
 (0

.5
53

0)
0.

60
 (0

.4
68

2)
0.

45
 (0

.5
26

6)
1.

52
 (0

.2
63

2)
3.

49
 (0

.1
11

1)

S 
× 

C
 ×

 P
C

×P
×B

(S
)

1,
6

0.
15

 (0
.7

15
2)

0.
59

 (0
.4

70
8)

1.
09

 (0
.3

37
5)

0.
43

 (0
.5

35
6)

0.
04

 (0
.8

52
3)

3.
64

 (0
.1

04
9)

va
lu

es
 a

re
 F

-r
at

io
s a

nd
 p

-v
al

ue
s c

al
cu

la
te

d 
fr

om
 ty

pe
 I

II
 S

S
ab

br
ev

ia
tio

ns
 a

re
:

B
(S

) =
 B

lo
ck

(S
pe

ci
es

)
S 

= 
Sp

ec
ie

s
C

 =
 C

an
op

y
P 

= 
Pr

ed
at

or



11



12

(2) Triturus alpestris larvae. Head width and depth were measured at the anterior edge of the gills. Torso measurements were halfway 
between the forelegs and hind legs. Tail depth and muscle measurements were made at 1/3rd the length of the tail. All measures came 
from two dates (at age 22 and 38.5 days).

Source of variation
Response variable Block Canopy Predator Canopy × Predator

Error term P×C×B C×B P×B P×C×B

DF 3,3 1,3 1,3 1,3

Head length 6.22 (0.0837) 3.82 (0.1456) 0.98 (0.3947) 3.84 (0.1450)

Head depth 3.30 (0.1764) 31.09 (0.0114) 41.57 (0.0076) 1.57 (0.2987)

Head width 1.26 (0.4279) 4.05 (0.1378) 1.80 (0.2726) 0.53 (0.5190)

Torso depth 0.36 (0.7857) 0.45 (0.5514) 0.02 (0.9069) 0.20 (0.6879)

Torso width 1.55 (0.3633) 1.69 (0.2849) 2.23 (0.2325) 0.62 (0.4888)

Tail length 0.52 (0.6999) 93.97 (0.0023) 1.06 (0.3785) 0.38 (0.5818)

Tail depth 2.98 (0.1971) 69.58 (0.0036) 110.54 (0.0018) 14.79 (0.0310)
Muscle depth 12.28 (0.0343) 0.25 (0.6525) 13.02 (0.0365) 0.77 (0.4440)

Muscle width 0.89 (0.5357) 57.33 (0.0048) 9.83 (0.0518) 0.10 (0.7729)

values are F-ratios and p-values based on type III SS.
abbreviations are:
B = Block
S = Species
C = Canopy
P = Predator


