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Because of their small size and fragility, larvae of many amphibian species are difficult to mark unambiguously for
experimental studies. This constraint limits our ability to run experiments in which individual interactions matter and
so limits our ability to study how social behaviors affect individual fitness. We anesthetized small (,8 mm long) Cane
Toad (Rhinella marina) tadpoles and used a biopsy punch to remove tissue from either the dorsal or ventral tail fin,
enabling the identification of several cohorts within an enclosed system. The tail fin clips remained readable for .30
days and had only minimal effects on tadpole growth, survival, and swimming performance. Marking the membrane of
a tadpole tail fin provides a cost-effective method for cohort marking with minimal equipment and training. It also
provides the opportunity to gather extra data on an individual (such as DNA) with minimal further stress to the animal.

T
O monitor impacts of biotic and abiotic factors on
organismal viability, researchers need to distinguish
individual animals or, if that is not possible, to

distinguish cohorts of animals of specific ages, sexes, or
histories of exposure to specific conditions. To recognize
such cohorts, individual animals must be marked, but that
process is problematic for many taxa. If the organisms are
small and/or fragile, attempts to mark them may substan-
tially affect the individuals in question, potentially invali-
dating any results from research (Ferner, 2007). Thus, simple
inexpensive methods are needed that allow researchers to
follow cohorts of individuals through time, without delete-
riously affecting the viability of those individuals. Although
many techniques have been developed for marking aquatic
species, small amphibian larvae remain a challenge (Don-
nelly et al., 1994; Skelly and Richardson, 2010).

Many of the techniques that are currently used are time-
consuming and/or expensive and are inapplicable to small
and fragile organisms. Visible Implant Elastomers and Passive
Integrated Transponder (PIT) tags can be used to mark larval
amphibians, but these methods are invasive and not
recommended for animals ,40 mm snout–vent length
(Donnelly et al., 1994). Similarly, dyes may also be used on
fish and larval amphibians but can be difficult to detect and
may influence larval development (Barbosa and Peters,
1971). Many anuran larvae are smaller than 40 mm long,
particularly in the early larval period. Here, we describe a
simple, quick, inexpensive method for marking larval
amphibians via a small incision on their tail fin membranes.

The tails of larval amphibians consist of two major
components: the fin and the spinal core (Doherty et al.,
1998). The fin is a semi-transparent bi-folded membrane that
contains no nerves and has limited blood flow, whereas the
spinal core contains flesh, muscle, receptors, and blood
vessels. Damage to the tail core will likely have severe
consequences, but minor damage to the fin may have little
effect on larval fitness (Wilbur and Semlitsch, 1990;
McCollum and Leimberger, 1997). In nature, the tail fins of
larval amphibians often are damaged by predator attacks and
wear-and-tear caused by swimming through structured
environments (Caldwell, 1982; Figiel and Semlitsch, 1991;
Doherty et al., 1998).

In the following study, we tested the possibility that small
incisions in the tail fin membrane of Cane Toad (Rhinella

marina Linnaeus, 1758) tadpoles can provide long-lasting
marks during mesocosm experiments. Cane Toad tadpoles
are too small (,10.35 mm snout–vent length [SVL], ,0.16 g)
for techniques such as microchip implantation, and their
dark pigmentation renders implanted elastomers or dyes
difficult to read. We tested the effects of clipping the tail fin
of a toad tadpole during early larval development on
subsequent growth, development, survival, and swimming
performance and quantified the degree to which fin clip
marks remained unambiguous over the duration of the study.

MATERIALS AND METHODS

Study species and husbandry.—The tadpoles of Cane Toads are
small and black, with no individually identifiable markings.
Six clutches of eggs were collected by inducing spawning in
pairs of adults at the University of Sydney’s Tropical Ecology
Research Facility, Middle Point, Northern Territory (NT),
Australia (see Clarke et al., 2016 for methodology). The egg
clutches were raised to developmental stage 26 (Gosner,
1960) in aerated pools filled with non-chlorinated bore (well)
water. After they reached stage 26, tadpoles were randomly
allocated to a treatment, and their tail fins clipped accord-
ingly.

Methods for tail fin clipping.—Tadpoles at developmental
stage 26 (mean SVL 5.60 mm) were anesthetized by
immersion in a tricaine methanesulfonate (MS-222) solution
of 0.25 g/L (1/4 dosage) buffered to pH 7 with sodium
bicarbonate. Anesthetized tadpoles were transferred in
groups of five to a petri dish with a 2 mm layer of water
under a dissecting microscope, where we used a 2 mm
diameter biopsy punch to excise a circular plug from the tail
fin membrane on either the dorsal or ventral aspect of the tail
(see Fig. 1). Tadpoles were then placed into 1 L plastic
containers filled with 750 mL of fresh water to recover for 1
h, before being added back into their group container.

Laboratory studies.—To clarify the effects of tail fin clipping
on survival and swimming performance, we allocated
tadpoles to one of four tail-marking treatments: dorsal clip,
ventral clip, unclipped but anesthetized (process control),
and unclipped and not anesthetized (control). From each
clutch (n ¼ 6), groups of five tadpoles (all from the same
treatment) were raised in 1 L plastic containers filled with
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750 mL non-chlorinated bore water under constant con-
trolled conditions of 248C and 12/12 light/dark cycle. Three
clutches had two replicates groups per treatment, and three
clutches had one replicate per treatment. Tadpoles were fed
crushed algae wafers (Hikari, Kyorin Food Industries Ltd.,
Japan) every other day, and their water was changed every
third day.

Mesocosm studies.—To determine whether the presence of
predator cues affected the growth, survival, or clarity of tail
fin clips, we randomly allocated groups of 14 tadpoles to one
of four treatments: tail fin clipped, unclipped, tail fin clipped
with predator cues present, unclipped with predator cues
present. Each group of tadpoles were siblings from the same
clutch (n¼4) and were raised in 18 L mesocosms—plastic tub
(length x width x height: 360 3 280 3 210 mm) filled with 15
L of non-chlorinated bore water, a 2 cm base layer of pond
soil, and 1 g of crushed algae wafers (Hikari, Kyorin Food
Industries Ltd., Japan). Mesocosms were in an undercover
area exposed to natural light phases and ambient tempera-
tures and were set up four days prior to the addition of

tadpoles, to allow the tank water to age and microflora to
establish. Predator-cue treatments included a dragonfly larva
(Anisoptera spp.) held in a floating mesh cage (i.e., cues were
available, but tadpoles could not be attacked). Dragonfly
larvae were fed one tadpole daily (collected from a communal
holding tank), and unconsumed tadpoles were crushed in
predator cages to simulate predation cues of conspecifics.
Dragonfly larvae were rotated between mesocosms every
three days to reduce any effects of individual predators and
help to standardize predation cues in each tank (in case
tadpoles responded differently to crushed conspecifics and
predator-consumed conspecifics; see Schoeppner and Relyea,
2009).

Measurements and performance tests.—At day 0 and day 12 of
each trial, tadpoles were weighed (wet mass), photographed
(for SVL measurement), and their developmental stage
recorded. At day 12 and day 30, the clarity of the tail fin
clip was scored from 0–4 (Fig. 1). Scores were based on how
much the original half-moon punch mark had healed, based
on the depth of the mark (4—like original mark, 0—mark
unobservable). A score of 1 was given if the mark was faint,
and possibly uninterpretable if it was unknown whether the
tadpole had been marked or not. In our analyses, we
considered a clarity score of 2 or above to be readable. On
day 12, tadpoles raised in the laboratory study were
individually placed into a 450 3 10 3 10 mm race track,
filled with 7 mm depth of water, and their swim speeds
recorded over 300 mm of track. We raced each tadpole three
times consecutively, and our analysis is based on an average
of the three trials.

Statistical methods.—Analyses were performed in JMP Pro 11
(SAS Institute, Cary, NC) and R Software (R Core Team, 2016)
using linear models. Data were log-transformed where
necessary to meet model assumptions. To analyze response
variance, we calculated the coefficients of variance for
treatment groups and performed modified signed-likelihood
ratio tests using the cvequality package (version 0.1.3) in R
(Krishnamoorthy and Lee, 2014). Developmental stage was
analyzed using ordinal regressions via cumulative link mixed
models. The number of tadpoles surviving to 12 days and
readability of tail fin clips after 12 days were analyzed using a
generalized linear model with binomial distribution and logit
link function. Growth rate varied among egg clutches, so we
included clutch as a random effect in analyses. We also
included tank as a random effect to avoid pseudoreplication.

RESULTS

Clipping effects and clarity in laboratory study.—Mean SVL of
tadpoles did not differ significantly between treatments
within each clutch at the start of the experiment (F3,142 ¼
1.99, P ¼ 0.12). There were only minor (non-significant)
differences between treatments in mean growth (mass, F3,150

¼ 0.62, P ¼ 0.60; SVL, F3,154 ¼ 0.16, P ¼ 0.92), mean
developmental stage (P . 0.05; Table 1), and number of
tadpoles alive (96.97% [160 of 165], v2 [3, n¼165]¼3.59, P¼
0.31) after 12 days (Fig. 2). At 12 days post fin clipping, 80%
of tadpoles had a tail fin clip clarity score of 3–4, and 97.8%
of tail fin clips were readable (clip clarity rating of 2 or above;
Fig. 3). Readability of tail fin clips was similar between
individuals clipped on the dorsal (97.8%) versus ventral
(97.8%) aspect of the tail (v2 [1, n¼74]¼0.001, P¼0.97). If a
tadpole’s tail fin clip was readable at day 12, it remained

Fig. 1. Cane Toad tadpoles (Rhinella marina) marked with an incision
in their tail fin membrane. From top to bottom: (A) ventral fin clip with
clarity rating of 1; (B) dorsal fin clip with clarity 2; (C) dorsal fin clip with
clarity 3; (D) dorsal fin clip with clarity 4. The background of each image
has been removed and masked in gray to enhance visibility of the mark.

72 Copeia 107, No. 1, 2019



readable until midway through the tail’s absorption at

metamorphosis (stage 43–44) or until 30 days (when the

experiment ended).

Swimming performance.—The site of tail fin clipping had a

minor effect on the swim speed of tadpoles, with tadpoles

clipped dorsally swimming on average 6.6% faster than did

those in other treatments (Fig. 4). On average, speeds of

tadpoles from all treatments were similar (mean disparities

,0.4 seconds). These differences in swim speed 12 days after

being clipped were not statistically significant (F3,91¼ 1.88, P

¼ 0.14), and the small magnitude of observed differences

suggest that they are, at most, of only minor biological

significance.

Mesocosm study.—Whether a tadpole was marked on the

dorsal or ventral side of their tail fin did not affect their

response to the presence of predator cues when raised in a

mesocosm (mass, F1,75¼ 1.55, P¼ 0.22; development, dorsal:

P ¼ 0.271, ventral: P ¼ 0.787; Table 1, Fig. 5A, B). Similarly,

regardless of predator presence, the mean growth rate and

developmental rate of tail fin clipped tadpoles did not differ
significantly between those with dorsal (mean695% confi-

dence intervals: mass, 82.90612.22 mg; Gosner stage,

33.6261.11) versus ventral (mass, 90.64612.69 mg; Gosner

stage, 35.1961.21) clip positions (mass, F1,77¼1.53, P¼0.22;

development, dorsal: P ¼ 0.082, ventral: P ¼ 0.496; Table 1).

Although the presence of a predator reduced the mean

growth (mass, F1,160 ¼ 8.80, P ¼ 0.004) of tadpoles by an

average of 15.04%, the interaction between predator pres-

Fig. 2. (A) Body masses, (B) snout–vent lengths, (C) developmental stages, and (D) percent of Rhinella marina tadpoles alive 12 days after tail fin
clipping with respect to treatment group (n¼ 4): Control—unclipped (n¼ 30/ 30), Process Control—unclipped but exposed to clipping process (n¼
39/ 40), Dorsal tail fin clipped (n¼37/ 40), Ventral tail fin clipped (n¼38/ 40). The horizontal line in boxes indicates the median, diamonds indicate
the mean, top and bottom edges of boxes indicate 25th and 75th percentiles, and whiskers indicate minimum and maximum values. Outliers are
represented by gray circles. Individuals within each treatment group are given as number of individuals alive 12 days post treatment out of total
number of individuals per treatment.
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ence and fin clip treatment (clipped vs. unclipped) did not
significantly affect a tadpole’s mass (F1,159 ¼ 0.45, P ¼ 0.50;
Fig. 5C) after 12 days. Variance in mean tadpole mass (as
coefficient of variance) did not differ significantly between

tail clip treatments when exposed to predator cues (Clipped
52.76% [41.33, 74.13], Unclipped 41.63% [33.31, 55.93], t¼
1.45, P ¼ 0.22) or when predator cues are absent (Clipped
37.87 [30.37, 50.61], Unclipped 31.33% [25.31, 41.28], t ¼
1.21, P ¼ 0.27). Predator presence had minimal effects on
tadpole development irrespective of tail fin clip treatment (P
¼ 0.161), and there was no significant difference in
development response to predator presence between clipped
and unclipped tadpoles (P ¼ 0.673; Table 1, Fig. 5D).

This interaction term thus was removed from the analysis.
Marking a tadpole’s tail fin via a small incision had minimal
effect on its rate of growth (mass, F1,160 ¼ 0.74, P ¼ 0.39) or
development (P ¼ 0.602), with only a 4.35% observed
reduction in mass and a 1.50% lower developmental stage
12 days after tail fin marking. The tail fin clips remained
obvious after 12 days in all clipped treatments, with minimal
differences in readability scores (mean695% CIs: predator
absent, 1.7660.30; predator present, 2.2560.36; F1,289 ¼
0.04, P¼ 0.85). As with the laboratory-based experiment, tail
fin clips in mesocosm-raised tadpoles that were readable after
12 days remained readable until mid-metamorphosis or 30
days (when the experiment ended).

Survival was 100% four hours after the fin-marking
process. Similarly, 12 days post tail fin clipping survival was
high, with 164 of 168 (97.6%) tadpoles alive and a non-
significant treatment effect (v2 [3, n¼ 168]¼ 2.82, P¼ 0.42).
The missing tadpoles were from two clutches (two in each),
with one tadpole from each clutch in the predator-exposed
treatment. Of the four missing tadpoles, three were from tail
fin clipped treatments.

DISCUSSION

Our study provides a further technique for marking small
aquatic organisms in a cost-effective manner with minimal
effects on their growth, development, and locomotor
performance. Under controlled conditions, we found 98%
retention (readability) of tail fin clips after 12 days.
Importantly, tail fin clips that were highly visible at 12 days
were still readable at metamorphosis or 30 days post-clip
(when the study was terminated). The methods we have
described, using tail fin clips as a cohort marker, can enable

Fig. 3. Clarity of tail fin clips (scored 0–4) of Rhinella marina tadpoles
12 days after being marked on either the dorsal or ventral area of the
tail fin membrane. Tail fin clips with a clarity of 2 or above were classed
as readable. Values above each bar represent total number of
individuals in each bar.

Fig. 4. Average time for a tadpole to swim 30 cm after tail fin clipping
with respect to treatment group: Control—unclipped (n ¼ 20), Process
control—no clip but exposed to clipping process (n¼ 19), Dorsal tail fin
clipped (n¼ 28), Ventral tail fin clipped (n¼ 27). The horizontal line in
boxes indicates the median, diamonds indicate the mean, top and
bottom edges of boxes indicate 25th and 75th percentiles, and whiskers
indicate minimum and maximum values.

Table 1. The effects of tail fin clipping and predator cues on
development of Cane Toad (Rhinella marina) larvae 12 days post-fin
clipping as analyzed with an ordinal regression via cumulative link
mixed model. (A) Tadpoles raised in standardized laboratory conditions
and (B) tadpoles raised in mesocosms. Analyses included clutch and
tank as random effects. Developmental stages from Gosner (1960).

Factors Estimate Std error z-value P (.jzj)

(A) Laboratory-raised tadpoles
Ventral clip 0.082 0.461 0.177 0.859
Dorsal clip 0.056 0.459 0.121 0.903
Unclipped 0.028 0.454 0.062 0.951

(B) Mesocosm-raised tadpoles
Ventral clip 0.542 0.796 0.680 0.496
Dorsal clip –1.417 0.815 –1.738 0.082
Clip presence –0.379 0.725 –0.522 0.602
Predator presence –1.006 0.718 –1.401 0.161
Clip presence: predator 0.434 1.027 0.422 0.673
Ventral clip: predator –0.304 1.124 –0.270 0.787
Dorsal clip: predator 1.273 1.155 1.102 0.271
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researchers to study up to three cohorts per enclosed

mesocosm. If tail fin clips are assigned to a range of

longitudinal as well as lateral positions, more than three

cohorts could be marked. However, to standardize any

undetectable effects of tail fin clipping, such as foraging

behaviors, we recommend that all cohorts within a study be

clipped in some form and that this is taken into consider-

ation if using fin-marking in a field-based study. We caution

the use of tail clipping in field-based studies, as these

represent structurally complex environments and may

therefore result in increased tail damage and increased

likelihood of detection errors when reading clips.

The impact of surgical removal of up to 10% of the tail fin

membrane on swimming performance was minimal in our

study, although dorsal fin clipped and control tadpoles swam

an average of 9.41% faster than ventral fin clipped or

‘‘process-control’’ tadpoles. If tail fin clipping per se affected

the locomotor performance of toad tadpoles, we would

Fig. 5. Body masses and developmental stages of Rhinella marina tadpoles raised in mesocosms, as measured 12 days after tail fin clipping.
Tadpoles were placed in a mesocosm with or without cues from a predator (Anisoptera spp.). (A) and (B) show results with respect to Dorsal (with
predator [n¼19], without [n¼20]) and Ventral (with predator [n¼21], without [n¼21]) clip positions. (C) and (D) show results when tadpoles are
Clipped (with predator [n¼40], without [n¼41]) or Unclipped (with predator [n¼42], without [n¼41]. Developmental stages from Gosner (1960).
The horizontal line in boxes indicates the median, points indicate the mean, top and bottom edges of boxes indicate 25th and 75th percentiles,
whiskers indicate minimum and maximum values, and outliers are represented by gray circles.
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expect to see the control treatment swimming faster than
either the dorsal-clip or ventral-clip treatments. If the
handling protocol we used affected the tadpoles, we would
expect to observe a reduction in swim speed of the ‘‘process
control’’ animals as well.

Although marking the tail fin must have some effect on
locomotor performance of tadpoles, the effect size of tail fin
clipping was minimal in our study and likely has negligible
effects on the fitness of tadpoles. This accords with the
minimal effects to swimming speed found in Hyla larvae after
the removal of up to 30% of their tail (Van Buskirk and
McCollum, 2000). While our study did not focus on burst
speed, the loss of approximately 30% of the tail can result in
a decrease in burst speed in both hylid and urodele larvae
(Hoff and Wassersug, 2000; Van Buskirk and McCollum,
2000; Marvin, 2013). One caveat important to field studies is
the possible effect on swimming ability immediately after tail
fin marking. Our study only looks at effects to swimming
ability 12 days post fin clipping. Prior to use in field studies,
more immediate effects of fin clipping on swimming ability
should be assessed.

Bufonid larvae have many predators both in their native
and colonized ranges, and the presence of predators (and
their cues) can have strong effects on growth and develop-
ment of tadpoles (Alford, 1999) and their ability to compete
with both conspecifics and allospecifics (Relyea, 2002, 2004).
As such, we expected to see an interaction between predator
presence and tail damage. Our results show a reduction in
growth of tadpoles in the presence of predator cues, but there
was no interaction between having a marked tail and
predator presence, again suggesting that clipping the tail
fin had minimal to no disadvantage to tadpole fitness.

One of the benefits of tail fin clipping larval anurans is the
ability to combine cohort marking with tissue collection,
reducing stress to animals and potentially refining the
number of animals required for an experiment. Tail fin
clipping has been used on species similar to bufonids to
collect DNA from North African Water Frogs (Pelophylax
saharicus) and to mark cohorts of anuran larvae (Turner,
1960; Guttman and Creasey, 1973; Lansari et al., 2015).
However, effects of tail fin clipping on individual fitness were
not reported in those studies. The apparent lack of effect of
tail fin clipping on larval growth and survival found in our
study accords with previous studies in which larval salaman-
ders were subjected to much greater disturbance (30% of the
tail [both fin and tail core] removed for genetic and chemical
analyses) without overt consequences for the animals’
viability (Polich et al., 2013; Segev et al., 2015; Pfleeger et
al., 2016). Of course, effects on larval salamanders may differ
from effects on bufonid larvae due to differences in their
foraging behaviors (urodeles are carnivorous, whereas anuran
larvae are predominately herbivorous/omnivorous) and
swimming articulation (Fitzpatrick et al., 2003; Eidietis,
2006).

The use of a dissecting microscope facilitates the process of
marking tadpoles using tail fin clips. However, a 10X
magnification hand lens or (if the animals are large enough)
the naked eye can also be used and may be easier in field
studies. The process takes less time than other marking
techniques, such as the use of elastomer or PIT tags, that
often are used to study small organisms. Once a suitable
protocol is established, the methods described are simple.
There is a slight learning curve when a researcher first
attempts the process, with a subsequent increase in efficiency
(less time needed to mark individuals). The technical

difficulties are similar to those of other techniques such as
subcutaneous PIT tags or elastomers. Time taken for each
mark (including tadpole capture, data recording, etc.) equates
to approximately one minute but decreases with experience.
Indeed, if the tadpoles are already being measured (mass,
developmental stage), the additional time needed for fin
clipping is minimal. Although we allowed tadpoles to recover
for a 1 h period after processing, most show normal activity
levels in ,10 min after being placed into fresh water.

To date, we have only tested this method on one species of
amphibian in a controlled environment. For each new taxon,
the technique will require testing for its reliability and effects
on the animals’ health and behavior. Such pilot studies are
especially important if the study organism differs from the
Cane Toad in life history traits, diets, or modes of
locomotion. Nonetheless, this simple method for marking
tadpoles shows potential as a cohort marker for large
mesocosm studies on topics such as kinship and plasticity
effects in anuran larvae, and possibly in field-based research.
If the technique is implemented in field-based studies, the
potential effects of fin clipping on competitive ability,
increased susceptibility to disease, and the temporary effects
of anesthesia should be considered.
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