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Trapping Amphibians and Their Predators:  
Tradeoffs in Trap Design and Performance

Aquatic funnel traps are flexible, simple devices for measuring 
relative abundance and occupancy of larval amphibians in 
aquatic habitats ( Shaffer et al. 1994; Adams et al. 1997; Skelly and 
Richardson 2010; Willson and Gibbons 2010). Funnel traps can 
be deployed in contexts where seines or dip nets are ineffective, 
such as sites with abundant aquatic vegetation, deep water, or 
variable topography. These traps can also be used to sample the 
amphibian community continuously, potentially increasing the 
likelihood of capturing elusive or nocturnal species (Skelly and 
Richardson 2010). A wide variety of funnel trap designs is now 
available to researchers and managers, ranging from home-
made beverage bottle traps to commercial bait traps (Skelly 
and Richardson 2010). The diversity of trap designs, coupled 
with the paucity of quantitative information on their relative 
performance, renders the process of selecting the appropriate 
design challenging.

Collapsible mesh hoop traps and steel minnow traps are 
among the most widely used commercial funnel traps for 
sampling amphibian larvae (e.g., Bury and Major 1997; Shulse 

et al. 2010; Hamer and Parris 2011). Previous studies have shown 
that these traps differ in both their durability and effectiveness 
for sampling herpetofauna. Palis et al. (2007) found that while 
these traps capture adult ranids at similar rates, mesh hoop traps 
were less durable. Willson et al. (2005) found that collapsible 
hoop traps tend to perform poorly compared with plastic and 
steel minnow traps in terms of both capture of organisms and 
durability. However, neither of these two studies compares the 
efficacy of these two traps for capturing larval anurans, and, 
to our knowledge, this has not been reported elsewhere in the 
literature, despite calls for research to address this need (e.g., 
Ghioca and Smith 2007).

The relative effectiveness of these traps for capturing 
common predators of amphibians is also unclear. Although the 
presence or abundance of predators, including fish and crayfish, 
is often assessed concurrently with amphibian sampling (e.g., 
Shulse et al. 2010; Cosentino et al. 2011), trap performance 
studies typically do not compare capture probabilities of 
predators (e.g., Buech and Egeland 2002; Willson and Dorcas 
2004; Madden and Jehle 2013). Predator capture probabilities 
may be an important but unexplored factor influencing funnel 
trap performance because predators caught in traps can alter the 
activity or microhabitat use of amphibian larvae – and therefore 
larval capture probability (Lawler 1989; Skelly and Werner 1990; 
Sanders et al. 2015).

Previous comparative studies of trap performance have 
concluded that mesh size is a key design feature of funnel traps. 
The large mesh size (≥ 6 mm) of many steel minnow trap designs 
limits their usefulness for capturing small-bodied larvae (Buech 
and Egeland 2002). At the same time, although collapsible 
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polyethylene mesh hoop traps have finer mesh (2 mm) and 
can retain smaller organisms, their mesh can be easily torn or 
otherwise damaged during deployment if common snapping 
turtles (Chelydra serpentina) or other destructive organisms are 
present (Palis et al. 2007). Skelly and Richardson (2010) suggest 
that lining steel minnow traps with 1-mm fiberglass window 
screening could increase retention rates of smaller larvae. If steel 
minnow traps lined with window screening and polyethylene 
hoop traps have a similar likelihood of capturing and retaining 
larvae of small-bodied species, these modified minnow traps 
may offer a durable alternative to fragile hoop traps. We are not 
aware of any studies comparing the performance of modified 
minnow traps and small gauge polyethylene mesh hoop traps.

Our goal was to provide insight into these tradeoffs by testing 
the effectiveness of two widely used commercial funnel traps in 
a field setting. We compared polyethylene mesh hoop traps and 
modified steel mesh minnow traps in terms of relative capture 
probabilities of amphibian larvae and their predators, their 
potential to capture species with small-bodied larvae, and their 
overall durability.

methodS

The two traps used in this study were a collapsible orange 
polyethylene mesh hoop trap (Fig. 1B; Promar ®, Gardena, 
California, USA) and a modified black vinyl-dipped steel 
mesh minnow trap (Fig. 1A; Frabill ®, Plano, Illinois, USA). We 
purchased 22 hoop traps and 30 minnow traps from a retail 
outlet for US $12.99 and US $8.99, respectively. All traps were 
new at the start of the study. The traps differed in materials and 
overall design. Hoop traps were rectangular and measured 45.7 
cm long with sides 25.4 cm. The interior funnel openings were 
6.4 cm in diameter and the exterior funnel area was 645 cm2. 
Hoop traps had 2-mm polyethylene mesh, zipper closures, and 
weighed approximately 227 g. Minnow traps were approximately 
cylindrical and comprised of two conical halves secured with 
spring clips. Total length was 41.9 cm and width at the widest 
point was 22.8 cm. Funnel openings measured 2.5 cm (interior) 
and 17.8 cm (exterior) and exterior funnel area was 248.8 cm2. 
Minnow traps weighed approximately 590 g. The initial mesh size 
of minnow traps was 6 mm. To mitigate the difference in mesh 
size between the two traps, the interior of each minnow trap was 
lined with charcoal-colored fiberglass window screening (mesh 
size 1 mm) secured with plastic-coated floral wire (after Skelly 
and Richardson 2010).

We conducted this study on 52 ponds located on public lands 
in Ringgold County, Iowa, USA. Sampling sessions consisted of 
two consecutive trapping periods of approximately 24 h (i.e., 48 
h total). For logistical reasons, ponds were sampled in clusters 
(determined by proximity), and the sampling order of clusters 
was randomized. All 52 ponds were sampled during a first 
sampling session between 27 May and 4 July 2016. Ponds were 
re-sampled during a second sampling session as time allowed, 
with a total of 46 ponds (88.6%) re-sampled between 6 July and 
10 August 2016.

The number of traps deployed per pond varied in 
proportion to shoreline length (after Madden and Jehle 2013). 
As polyethylene mesh hoop traps are more expensive than steel 
minnow traps, we had fewer hoop traps available to deploy in 
each pond. We deployed 4 minnow traps and 1 hoop trap in 
ponds with a perimeter less than 50 m (two ponds). For every 50 
m increase in pond perimeter, we added an additional minnow 

Fig. 1. A) A vinyl-coated steel minnow trap. B) A collapsible polyeth-
ylene mesh hoop trap. C) The interior of a steel minnow trap that has 
been modified with the addition of screen to the interior of the trap. 
D) A damaged mesh hoop trap with a large tear on the left-hand side 
and several smaller tears on the right-hand side of the trap.
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trap and hoop trap. The median number of traps deployed per 
pond was six minnow traps and three hoop traps (20 ponds). 
Traps were spaced at approximately even intervals along the 
shoreline with trap type alternated. Traps were placed in the 
water at a depth that allowed for full submersion of the funnel 
opening, leaving at least 2 cm of the upper portion of the trap 
above the water’s surface. As a result, traps were usually set 
within 2 m of the pond bank and secured with flagging stakes. 
Traps were deployed between 0700 h and 1900 h and left in 
ponds for 48 h. Traps were checked at approximately 24-h 
intervals. We counted and identified trapped organisms in the 
field before releasing them at the point of capture. We removed 
any traps that were damaged during the course of the work (e.g., 
by raccoons [Procyon lotor]). Damaged traps were included 
in our assessment of trap durability but not in our analysis of 
organism capture probability.

This design yielded a total of 966 48-h trapping occasions 
consisting of 328 hoop-trap occasions and 638 minnow-trap 

occasions. On average, each hoop and minnow trap was deployed 
for a cumulative total of 27 and 43 d, respectively. We compared 
trap performance in terms of trap-level capture probability 
for ten species or organism groups across these 966 48-h trap 
occasions. We analyzed the data at the level of trap occasions 
because traps remained in the same location in the pond during 
the full 48-h period. We restricted analysis of capture probabilities 
to amphibians and predators that were captured in at least 1% of 
both hoop and minnow trap sampling occasions. These included: 
Blanchard’s Cricket Frogs (Acris blanchardi), gray treefrogs (Hyla 
spp.), Spring Peepers (Pseudacris crucifer), Boreal Chorus Frogs 
(Pseudacris maculata), Plains Leopard Frogs (Lithobates blairi), 
and American Bullfrogs (Lithobates catesbeianus), as well as 
sunfish species (Centrarchidae), Largemouth Bass (Micropterus 
salmoides), bluntnose minnow species (Pimephales spp.), and 
crayfish species (Orconectes spp. and others).

For each organism group, we used mixed-effects logistic 
regression to test whether trap type affected the probability 

Fig. 2. Forest plot depicting odds ratios (r) with 95% confidence intervals for the 8 organism groups for minnow traps (closed 
circles) and hoop traps (open circles). Organisms for which trap type significantly affected the capture probability of the organism 
are noted with “*” (α = 0.05). Plot based on data collected May through August, 2016 in Ringgold County, Iowa, USA.

table 1. The number of trap occasions where target organisms were captured is presented for minnow and hoop 
traps, as well as the percent of total trap occasions of each type that captured the organism.

Species or Organism Group Hoop Trap Occasions  Minnow Trap Occasions 
 (N = 328) (N = 638)

Amphibian larvae (all species) 113 34.45% 196 30.72%

Blanchard’s Cricket Frog 18 5.49% 33 5.17%

Gray Treefrog spp. 26 7.93% 60 9.40%

Spring Peeper 15 4.57% 24 3.76%

Boreal Chorus Frog 7 2.13% 12 1.88%

Plains Leopard Frog 13 3.96% 23 3.61%

American Bullfrog 62 18.90% 88 13.79%

Sunfish 52 15.85% 97 15.20%

Largemouth Bass 16 4.88% 49 7.68%

Bluntnose Minnows 11 3.35% 39 6.11%

Crayfish 109 33.23% 345 54.08%
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that at least one individual would be captured in any given 
trap occasion. We evaluated the effect of trap type on trap-level 
capture probability, rather than on pond-level occupancy (e.g., 
Buech and Egeland 2002), because we did not deploy an equal 
number of each trap type in each pond. Analyses were conducted 
in R (Version 3.2.3, www.r-project.org, accessed 12 December 
2016) using the GLMER function from the package lme4 (Bates et 
al. 2015). We specified the binomial distribution with a logit link 
function. The trap-level capture abundance data were recoded 
to reflect a binomial response (presence or absence in each trap) 
for each organism group.

We used trap type (‘hoop’ or ‘minnow’) as a fixed effect in the 
logistic regression models and used	α	= 0.05 to determine whether 
trap type had a significant effect on the likelihood of capturing 
an organism. To account for the effect of variation in population 
densities across the sampling season on capture probability, 
we also included sampling session (‘first’ or ‘second’) as a fixed 
effect in our models. Given the unique amphibian and predator 
communities of each pond, we included the random effect of 
‘pond identity’ in our mixed models to account for potential 
non-independence among traps placed in the same pond. To 
gauge the relative effect of trap type on the capture probability 
of each organism group, we generated an odds ratio (r) and 95% 
confidence intervals by trap type for each group, indicating the 
relative likelihood of each trap type capturing the target organism.

To assess trap durability, we calculated the total number of 
traps that sustained damage during the season and noted all 
instances where damage to traps forced us to discard data.

reSultS

About one third of sampling occasions yielded at least one 
larval amphibian (Table 1). Crayfish were the most commonly 
captured organism overall for both hoop and minnow traps. Trap 
type did not affect capture probability for Blanchard’s Cricket 
Frogs (P = 0.793), Gray Treefrogs (P = 0.286), Spring Peepers (P = 
0.164), Boreal Chorus Frogs (P = 0.252), Plains Leopard Frogs (P 
= 0.879), sunfish (P = 0.530), or bluntnose minnows (P = 0.068; 
Fig. 2). However, trap type significantly affected the capture 
probability of American Bullfrogs, which were more likely to be 
captured in hoop traps than minnow traps (P = 0.007, r = 1.804, 
95% CI = 1.178–2.763). Minnow traps were significantly more 
likely to capture Largemouth Bass (P = 0.001, r = 3.69, 95% CI = 
1.690–8.063) and crayfish (P < 0.001, r = 8.841, 95% CI = 5.314–
14.706).

During the course of the trapping season, we had to repair 
13 of the hoop traps (60%) at least once due to large tears in the 
mesh material (Fig. 1D), and in many cases the traps needed 
to be repaired multiple times during the season. Overall, we 
experienced at least 23 instances of severe damage to hoop traps 
that required discarding data from trap occasions. In a few cases 
(N = 3), hoop traps were irreparable and became unusable for the 
remainder of the study. We more commonly encountered small 
tears (< 3 cm long) near the zipper, at the corners, and around 
the funnel openings. These smaller tears could often be repaired 
in the field, though we found it time-consuming to do so. Hoop 
traps were also prone to damaged zippers, which could not be 
replaced or repaired without substantial effort. The zippers of 
three traps (14%) were damaged beyond repair. Only five hoop 
traps (21%) remained undamaged over the course of this study. 
In total, we had to discard about 4% of the data collected by the 
hoop traps due to trap malfunctions and damage. We did not 
experience similar damage or malfunctions with the minnow 
traps. Sometimes the metal spring closure of the minnow traps 
became deformed, leading to problems in securely sealing the 
two halves of the minnow traps. However, the spring closures 
could generally be repaired easily in the field.

diSCuSSion

Surveys of larvae are an essential component of amphibian 
conservation and research. Managers and scientists need 
suitable tools for conducting inventories of amphibians and 
their aquatic predators. When selecting the type of aquatic 
funnel trap, practical considerations (e.g., cost, durability, and 
ease of use) must be weighed against ecological considerations 
(e.g., behavior of target organism and effect of trap design on 
detection probability). Our results indicate that important 
tradeoffs exist in the durability and efficacy of two commonly 
used aquatic funnel traps.

Overall, trap type did not have a significant effect on 
the capture probability of most amphibian species but did 
affect capture probability of two potential predators. Of the 
amphibians, only American Bullfrog larvae were more likely 
to be caught in hoop traps. On the other hand, while trap type 
did not affect capture likelihood of sunfishes, one of the most 
widespread predators of pond-breeding amphibians in the 
Central US, minnow traps were significantly more likely to 
capture both Largemouth Bass and crayfish. Importantly, there 
was substantial variability around the odds ratio estimates for 

Fig. 3. A Blanchard’s Cricket Frog tadpole (Acris blanchardi) that was 
captured in a modified steel mesh minnow trap. The tadpole mea-
sured approximately 4 mm wide and 15 mm long.
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Largemouth Bass and crayfish capture. This suggests that while 
minnow traps were more likely to capture these organisms, other 
factors, such as trap placement or population density, also affect 
trap performance.

These results have complex, yet potentially substantial, 
implications for amphibian inventories. Trap selection could 
be particularly important when traps that efficiently capture 
predators are chosen. These traps could lead to biased larval 
occupancy or abundance estimates if they under-sample 
amphibian larvae, either because larvae avoid entering traps 
containing predators, or because predators eat captured larvae. 
In this study, although capture probabilities did not differ 
substantially between trap types for most amphibian species 
we examined, minnow traps were significantly more likely to 
capture largemouth bass and crayfish. Minnow traps may not be 
as effective for capturing larvae of amphibian species deterred 
by the presence of either of these two organisms. It was beyond 
the scope of this study to explicitly test this hypothesis. However, 
amphibians have been shown to exhibit strong responses to 
both the presence of predators (e.g., Skelly and Werner 1990; 
Skelly 1992) and chemical cues (Petranka et al. 1987). Therefore, 
further study of the effect of trap type on amphibian-predator 
interactions is warranted.

In addition to considering ecological factors when choosing 
trap types, it is important to consider how specific elements of 
trap construction affect performance. Steel minnow traps are 
considered to be poorly suited to trapping small amphibian 
larvae due to their large mesh size (6 mm) ( Fronzuto and Verrell 
2000; Buech and Egeland 2002; Ghioca and Smith 2007). We 
found that by lining the interior of the traps with 1-mm fiberglass 
window screening we could capture early stage and small-
bodied amphibian larvae (such as Blanchard’s Cricket Frog 
tadpoles; Fig. 3) that would likely have escaped from unmodified 
minnow traps. Gray Treefrogs, Boreal Chorus Frogs, and Spring 
Peepers also have small larvae and were captured at similar rates 
by hoop traps and modified minnow traps. Based on our work, 
we recommend these modified steel minnow traps as durable 
alternatives to collapsible hoop traps for capturing small larvae.

Another important design element is the diameter of the 
internal funnel opening. At 6.4 cm in diameter, the funnel 
openings of the hoop traps were over twice as wide as those of 
the minnow traps (2.5 cm). Hoop traps were over 1.8 times more 
likely than minnow traps to capture American Bullfrog larvae, 
which were the largest larvae we captured. Others have also 
found that hoop traps with larger openings perform better for 
larger species. Willson et al. (2005) found that mesh hoop traps 
were somewhat more likely to capture the largest species in their 
study (Agkistrodon piscivorus and Amphiuma means) and also 
attributed this pattern to the larger funnel openings of the mesh 
traps. However, polyethylene hoop traps are not the only option 
for sampling large species. The more durable steel minnow 
traps can be purchased with larger openings or their openings 
can be enlarged to improve their efficacy for capturing larger 
amphibians (Adams et al. 1997).

Among the primary advantages of hoop traps are their 
lightweight design and collapsibility, which make them 
particularly attractive to those working in remote field conditions 
(Adams et al. 1997). We can attest that in terms of weight and 
portability, hoop traps were superior. At 550 g, minnow traps 
were nearly twice as heavy as the 227 g hoop traps. Furthermore, 
when collapsed, the hoop traps are less than 2.5 cm tall. In this 
form, multiple traps were easily transported to remote sites in 

a backpack. The convenience of collapsible mesh hoop traps is 
apparent.

However, their fragility presents a serious drawback and 
can lead to lost data and time. Modified steel minnow traps 
greatly outperformed polyethylene mesh hoop traps in terms 
of durability. Like Willson et al. (2005) and Palis et al. (2007), we 
found that mesh hoop traps were prone to damage and required 
frequent repairs. In most cases, we suspect that the damage was 
caused by Common Snapping Turtles or Raccoons. These species 
range across much of North America, so this problem may be 
widespread. Additional organisms (e.g., American Alligators 
[Alligator mississipiensis]) could also be problematic in some 
regions. Although we expect that steel minnow traps would be 
more robust to most types of damage, neither trap is likely to 
withstand substantial impact from large animals.

A final logistical consideration is the safety of field personnel. 
Lining the interiors of the minnow traps with window screening 
obscures their contents, which then cannot be easily identified 
without opening the traps. We sometimes encountered Northern 
Watersnakes (Nerodia sipedon) basking on or caught in the traps. 
This bycatch was infrequent and caused minimal disruption to 
our field procedures, but in other regions, venomous aquatic 
snakes (e.g., Water Moccasins [Agkistrodon piscivorus] in the 
southeastern US) could be more hazardous. Researchers working 
in areas with dangerous organisms may need to consider how 
the design, materials, and modification of these two traps affect 
personnel safety.

In application, the relative weight carried by these and 
other differences will depend on context-specific goals and 
constraints. For example, although we found that hoop traps 
were significantly more likely to capture American Bullfrog 
larvae, this difference is unlikely to have a substantial impact 
on the results of studies conducted in regions where bullfrogs 
are native and common. However, in the western United States, 
invasive American Bullfrogs are a growing threat to native 
amphibians (Adams and Pearl 2007). In this context, wildlife 
agencies and researchers tasked with monitoring their invasion 
may find the increased capture probability associated with hoop 
traps to be a more substantial advantage.

Overall, we recommend the use of both hoop and minnow 
traps when conducting complete inventories of amphibian 
larvae and their predators, given that each trap type offers its 
own advantages and disadvantages. However, hoop traps were 
expensive, prone to failure, and comparable to minnow traps 
in capture probability for most organisms. As such, our results 
suggest that steel minnow traps lined with fine mesh will meet 
researchers’ needs in many contexts.
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Modified Salamander Stick to Facilitate Accurate  
Measurement of Small Individuals

Collection of morphometric data is an important component 
in amphibian research, because age-class, body-condition, 
and demographics yield important insights into populations 
(Deichmann et al. 2008; Peterman et al. 2008). Snout–vent length 
(SVL) is one important morphometric measurement that can 
help deduce age, sex, and when combined with weight, body 
condition (Kupfer 2007). Thus, accurate measurement of SVL can 
be critical for obtaining reliable inferences about populations 
and individuals. For field studies, optimal devices that facilitate 
accurate measurements would not require anesthetization of 
individuals prior to measurements, would minimize handling 
time, minimize pathogen transmission potential, and be 
portable and lightweight.
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