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Abstract.—Headstarting efforts are thought to be critical in supplementing populations of the at-risk Gopher Frog
(Rana capito); however, recent efforts have occasionally resulted in juveniles with developmental abnormalities.
In response, we developed a scoring system to collect quantitative data on the presence and severity of these
developmental abnormalities. Our objective was to describe and validate the abnormality scoring system so
that it can be used by all Gopher Frog headstarting facilities. The scoring system covers five primary conditions
encompassing commonly observed abnormalities. Two groups of participants with different levels of prior
experience working with Gopher Frogs assigned scores to a set of images presented to them for each condition. We
used intra-class correlation coefficients (ICC) to test the scoring system for inter- and intra-rater agreement as well
as agreement with the benchmark standard (established by the authors). We found high ICC values for inter-rater
agreement, intra-rater agreement, and agreement to the benchmark standard indicating either excellent or good
reliability for all five conditions and for all raters when grouped together. These findings support the reliability
and validity of the proposed developmental abnormality scoring system. Gopher Frog headstarting facilities can
implement this scoring system to assist in tracking the frequency and severity of abnormalities observed in future
headstarting efforts. We hope that by creating a reliable scoring system for Gopher Frogs, it can provide an overall
framework and serve as a valuable resource to evaluate abnormalities across any amphibian species.
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INTRODUCTION

The Gopher Frog (Rana capito) is a medium-sized
terrestrial anuran that is native to the southeastern
U.S. Coastal Plain (Conant and Collins 1991;
Palis and Fischer 1997; Enge et al. 2014). Gopher
Frogs are associated with the Longleaf Pine (Pinus
palustris) ecosystem where adult frogs spend most
of the year in upland habitat (Humphries and Sisson
2012) relying on vital refugia such as stump holes and
Gopher Tortoise (Gopherus polyphemus; Franz 1986)
or small mammal burrows (Lee 1968; Richter et al.
2001; Roznik et al. 2009). Gopher Frogs typically
breed in isolated open-canopied ephemeral wetlands
free of predatory fish (Bailey 1991; Enge et al. 2014).
The Longleaf Pine ecosystem is considered critically
endangered and has been reduced by more than
98% from its historic extent (Noss and Scott 1995),
contributing to the decline of many associated wildlife
species, including several threatened or endangered
species (Noss and Scott 1995; Means 2006). As is
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the case with many amphibian and reptile species that
rely on the Longleaf Pine ecosystem (Dodd 1995),
the Gopher Frog has experienced steady population
declines throughout its range that can be primarily
attributed to habitat loss of suitable breeding ponds
and terrestrial uplands (Jensen and Richter 2005).
The Gopher Frog is a species of conservation
concern throughout its range as they are currently
listed as Vulnerable in Florida, Imperiled in Alabama,
Georgia, and North Carolina, and Critically Imperiled
in South Carolina and Tennessee (Nature Serve.
2023. NatureServe Network Biodiversity Location
Data. NatureServe, Arlington, Virginia. Available
from https://explorer.natureserve.org/ [Accessed 8
September 2023]).

In response to widespread Gopher Frog declines,
headstarting programs have been implemented as
a conservation strategy to assist with population
augmentation and reintroduction efforts. Currently,
headstarting efforts support many amphibian species
of conservation concern across the globe, and the
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number of programs continues to increase (Harding et
al. 2016). Headstarting involves collecting eggs from
the wild, rearing the larvae in outdoor mesocosms,
and subsequently releasing the newly metamorphosed
frogs back into natural habitats. The goal of Gopher
Frog headstarting efforts is to produce and contribute
to viable self-sustaining populations in the wild.
Headstarting is expected to facilitate population
persistence by protecting the vulnerable larval
stage and increasing the probability of survival to
metamorphosis (Dodd 2005). The number of Gopher
Frog headstarting programs has expanded over the
decade. Currently, several institutions and federal
agencies in Georgia, North Carolina, and South
Carolina have established headstarting programs.
These concerted conservation efforts are thought
to be critical for long-term population persistence
across the native range of the species. Yet, Gopher
Frog headstarting efforts have occasionally resulted
in frogs emerging with a suite of developmental
abnormalities (McFall et al. 2023). The cause of
these developmental abnormalities is currently
undetermined and under investigation.

In 2021, we reared Gopher Frogs at the Savannah
River Ecology Laboratory of the University of
Georgia, USA, and 99% of them emerged with a
wide range of developmental abnormalities (McFall
et al. 2023). The most common developmental
abnormalities  observed included cutaneous
hypopigmentation, microphthalmia, brachygnathia,
edema, and exposed gill slits (McFall et al. 2023).
After observing these abnormalities in 2021, we were
able to confirm that researchers from multiple facilities
involved in headstarting efforts have previously
observed similar developmental abnormalities in
Gopher Frogs (John Maerz and Dustin Smith, pers.
comm.) along with two closely related species,
Crawfish Frogs (Rana areolatus; Stiles etal. 2016) and
Dusky Gopher Frogs (Rana sevosus; Joe Pechmann,
pers. comm.). While developmental abnormalities
have occasionally been observed in previous Gopher
Frog headstarting events, we observed abnormalities
that were more prevalent and severe than previous
observations (McFall et al. 2023). Yet, researchers
have not collected any quantitative data on the
developmental abnormalities observed in previous
headstarting events. Thus, we developed a scoring
system to collect quantitative data on the prevalence
and severity of the developmental abnormalities.
Moving forward, it is critical to collect consistent
quantitative data across headstarting facilities to

monitor abnormalities and compare data. Ideally, we
need a validated scoring system that can be used by
individuals with and without experience in amphibian
husbandry, as headstarting efforts involve teams of
individuals with different backgrounds.

Scoring or rating systems have been used by a
wide range of disciplines including human health
and medicine, veterinary medicine or zoo animal
husbandry, and ecological and conservation studies
with a variety of applications. Scoring systems
have been used to quantify specific animal health or
welfare-relevant variables, such as body condition
(Joblon et al. 2014; Jayson et al. 2018), disease
(McGuirk and Peek 2014) or overall health monitoring
(Wells et al. 2004; Ali et al. 2016), injuries or lesions
(Hubert et al. 1999; Nielsen et al. 2010; Foddai et
al. 2012; Chan and Karczmarski 2019; Lovallo et
al. 2021), lameness (Garner et al. 2002; Flower and
Weary 2006), alopecia of captive animals (Honess et
al. 2005; Bechard et al. 2011), and pain assessments
(Fitzpatrick et al. 2006; Evangelista et al. 2019;
Evangelista and Steagall 2021). Scoring systems
based primarily on visual assessments provide a non-
destructive method to assess body condition, which
can be particularly important for rare or endangered
species where destructive methods or extensive
handling times are undesirable or prohibited (e.g.,
Thomson et al. 2009; Clements and Sanchez
2015; Jayson et al. 2018). A scoring system that is
practical, non-intrusive, repeatable, and inexpensive
can serve as a valuable tool to monitor the health of
an individual. Prior to widespread use, it is necessary
to assure reliability (i.e., the overall reproducibility of
the scores) and validity (i.e., the ability of the scale to
measure what it is intended to measure) of the scoring
system.

The purpose of our study was to describe and
test the reliability and validity of our proposed
Gopher Frog developmental abnormality scoring
system. To do this, we assessed the agreement of the
score definitions within and among two groups of
participants that varied in expertise. While developed
with Gopher Frogs in mind, our hope included
creating a reliable scoring system that can provide
a framework to quantitively evaluate developmental
abnormalities across any amphibian species.

MATERIALS AND METHODS

Gopher Frog headstarting—We collected partial
Gopher Frog egg masses on 5 March 2021 from
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TasBLE 1. Definitions, descriptions, and photographic examples for the finalized scoring model of cutaneous hypopigmentation for Gopher
Frogs (Rana capito). Photographs were cropped and lightened as needed to enhance contrast. (Photographed by Christian Swartzbaugh).

Score Description

Example Photographs: Lateral View

Dorsal View

No abnormalities present.
0 Skin appears to have
developed normally.

Affected skin (clear/gray

1 pigmentation) appears to
only surround the front
limb.

2 Affected skin (clear/gray
pigmentation) appears to
surround the front limb,
run down the lateral
surface, and may continue
onto the dorsal surface.

a wetland in Barnwell County, South Carolina,
USA. We reared tadpoles in outdoor mesocosms
at the Savannah River Ecology Laboratory
(SREL) of the University of Georgia until they
reached metamorphosis as part of an experimental
headstarting program. Once tadpoles began to
metamorphose, we saw clear signs of developmental
abnormalities. Initially, it was unclear if a pathogen
may have been involved and thus, we implemented
proper biosafety protocols and treated all individuals
as if they had an unknown disease. Additionally, the
South Carolina Department of Natural Resources
determined that the frogs were unsuitable for release.
To better understand the abnormalities and how they
progressed, we transferred recently metamorphosed
frogs to the SREL animal care facility and reared
them in individual 0.47 L (16-ounce) Pro-Kal® deli
containers (Fabri-Kal Corp., Kalamazoo, Michigan,
USA) with a layer of moist Spagmoss (Besgrow
Limited, Bishopdale, Churchchrist, New Zealand).
Soon after (about 1-2 mo post tail resorption), we
transferred frogs to 25.55 L (27-quart) latchable
containers (Sterilite Corp., Townsend, Massachusetts,
USA) with soil substrate and artificial burrows for
several additional months to further understand the
progression of the abnormalities and the effects on
survival (McFall et al. 2023).

Scoring system.—To categorize and quantitatively
evaluate the observed developmental abnormalities in
the Gopher Frog metamorphs, we developed a scoring
system to record presence/absence and severity of
the different conditions. The scoring system covered
five primary conditions: cutaneous hypopigmentation
(Table 1), microphthalmia (Table 2), gill retention
(Table 3), edema (Table 4), and brachygnathia
(Table 5). Brachygnathia, edema, and gill retention
conditions had bimodal outcomes (presence or
absence), while cutaneous hypopigmentation and
microphthalmia conditions included degrees of
severity. We evaluated brachygnathia, edema, and
gill retention conditions as bimodal outcomes as
we did not observe a range in severity levels. We
scored newly metamorphosed individuals upon tail
resorption and re-scored periodically.

Photographic documentation.—Once we ob-
served the first frog that metamorphosed with
developmental abnormalities, we began scoring and
photographing all subsequent emerging frogs. We
used an LG G7 ThinQ (LG Electronics Inc., Seoul
150-721, South Korea) with a Xenvo Clarus 15x
Macro Lens (Xenvo, Matawan, New Jersey, USA)
attachment and took four photographs per frog:
(1) left side; (2) right side; (3) dorsal view; and (4)
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TaBLE 2. Definitions, descriptions, and photographic examples
for the finalized scoring model of microphthalmia for Gopher
Frogs (Rana capito). Photographs were cropped and lightened as
needed to enhance contrast. (Photographed by Christian Swartz-
baugh).

TaBLE 3. Definitions, descriptions, and photographic examples
for the finalized scoring model of gill retention for Gopher Frogs
(Rana capito). Photographs were cropped and lightened as needed
to enhance contrast. (Photographed by Christian Swartzbaugh).

Score Description Example Photographs Score Description Example Photographs
No abnormalities
i)reilsent. dEyel appgars No abnormalities present.
0 0 av% evqu? I No open slits/wounds and
forma g fa n lfhu y 0 no visible external gills are
elr(n eﬁge rom the present directly above the
SKull front limbs.

Eye partially emerged
from skull. Eye may
1 be concealed by a thin
layer of skin but is
still partially visible.

Eye is not emerged
from the skull.

2 Eye appears to be
completely absent/
not visible.

ventral view. To capture all four photographs, one
person properly handled and repositioned the frog
while another person took each desired photograph.

Participant recruitment.—We sought participants
from two categories defined by their level of expertise
in rearing amphibians. The first category, specialists,
consisted of professionals who were directly
involved in Gopher Frog research and/or headstarting
(including rearing tadpoles and/or releasing
metamorphs).  We excluded personnel directly
involved in this project, including the authors, as
participants in the evaluation. The second category,
graduate students, consisted of graduate students in
the life sciences at the University of Georgia who had
no previous experience with amphibian rearing and/
or research. We chose these participant groups to
determine if training or previous experience working
with Gopher Frogs is required to use this scoring
system because employees and interns at headstarting
facilities often have a background in the life sciences,
but no specific experience rearing amphibians.
We recruited participants by sending emails to 25
specialists and 46 graduate students (mailing list
of current graduate students affiliated with SREL).
Anyone who expressed interest in participating in

Open slits/wounds and/or
visible external gill present

1 directly above the front
limbs. A visible slit/gill may
be present on one or both
sides.

the study was sent a website link to a Google Drive
(Google Corporation, Mountain View, California,
USA) folder containing the evaluation materials.
In total, seven specialists and 11 graduate students
completed the evaluation.

Scoring evaluation.—We created a presentation
in Microsoft PowerPoint (Microsoft Corporation,
Redmond, Washington, USA) containing a series of
photographs of the conditions. The presentation was
broken down into five sections, one for each condition
(see Tables 1-5). For each condition, we selected 20
photographs (15 photographs were unique and five
were randomly selected repeats) for each defined
score. We used the 15 unique photographs to evaluate
the inter-rater agreement (i.e., the level of agreement
between evaluators for the score of each photograph)
and we used the five repeat photographs to evaluate
the intra-rater agreement (i.e., the level of agreement
amongst the same evaluator scoring the exact same
photograph). Before distributing the presentation,
we used a random number generator to randomize
the order of the conditions and photographs within
each condition. We edited each photograph in the
presentation as needed by cropping and enhancing the
brightness to focus on the corresponding condition.
We gave each participant the same presentation.
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TABLE 4. Definitions, descriptions, and photographic examples
for the finalized scoring model of edema for Gopher Frogs (Rana
capito). Photographs were cropped and lightened as needed to
enhance contrast. (Photographed by Christian Swartzbaugh).

TABLE 5. Definitions, descriptions, and photographic examples
for the finalized scoring model of brachygnathia for Gopher Frogs
(Rana capito). Photographs were cropped and lightened as need-
ed to enhance contrast. (Photographed by Christian Swartzbaugh).

Score Description Example Photographs Score Description Example Photographs
. No abnormalities present.
No abnormalities present. 0 Jaw appears to have

No bloating in any
portion of the body and/
or extremities.

Appears bloated in any
1 portion of the body and/
or extremities.

After agreeing to participate, an evaluator received
an instruction document. We asked participants to
read through the instruction document and contact the
primary author in case of questions. The instruction
document included a description of the scoring
system, example photographs of individual Gopher
Frogs with and without developmental abnormalities,
and instructions for how to complete the evaluation.
Once evaluators read through the instructions,
we asked them to close the instruction document
and begin the evaluation. Per the instructions, we
requested that the evaluators maximize the brightness
of their computer screen to reduce variation between
viewing the photographs on different computers. Each
of the evaluators assigned a score to each photograph
in the presentation and submitted the scores via a
Google Form (Google Corporation, Mountain View,
California, USA) that was provided. We requested
that the evaluators not discuss their results with any
other participant.

Statistical analysis.—To assess the validity
and reliability of our scoring system, we evaluated
agreement in three ways: (1) inter-rater agreement
(i.e., agreement of the score assigned to the same
photograph between different raters); (2) intra-rater

developed normally.

Reduced lower mandible

1 causing a
noticeable gap between the
upper and lower jaw.

agreement (i.e., agreement of the score assigned to
the same photograph on two separate occasions by
the same rater); and (3) agreement to the benchmark
standard (i.e., agreement between the score of the
photograph assigned by the raters and the score
assigned by the authors that were considered the
benchmark standard). We used intra-class correlation
coefficients (ICC; Shrout and Fleiss 1979; McGraw
and Wong 1996) to assess inter- and intra-rater
agreement, as well as agreement to the benchmark
standard for all conditions and within groups (i.e.,
specialist or graduate students) and across all
participants. We assessed inter-rater agreement
for each of the conditions described in the scoring
system using a Two-way Random Effects ICC for
absolute agreement. For intra-rater agreement, we
used a Two-way Mixed Effects ICC for absolute
agreement.  For agreement to the benchmark
standard, we used a Two-way Mixed Effects ICC for
absolute agreement. In addition, we calculated the
proportion of the matched scores between the raters
and the benchmark standard across all raters for each
condition. The ICC estimates can be reported as a
single measure or the average of k measures, where
ICC single represents the score reliability of a single
rater and ICC average represents the mean value
of multiple raters (Koo and Li 2016). In general,
ICC average values tend to be higher than the more
conservative ICC single values (Hallgren 2012; Koo
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FiGuURE 1. (A) Inter-rater agreement and (B) intra-rater agreement for each condition described in the Gopher Frog (Rana capito) devel-
opmental abnormalities scoring system. Intra-class correlation coefficient (ICC) was used to assess the inter- and intra-rater agreement
using a two-way random effects ICC with absolute agreement (people rating: n = 11 for graduate student group, n = 7 for specialist group,
n = 18 for all people [i.e., all raters]). Estimates for ICC single measures and the 95% confidence intervals are presented. Interpreta-
tion of rating agreement was as follows: ICC < 0.5 = poor (pink), 0.5-0.75 = moderate (yellow), 0.75-0.9 = good (green), and > 0.90 =

excellent (blue).

and Li 2016). Both ICC single and average indicate
scale performance but depend upon the desired
application; thus, both estimates can be found in the
Supplemental Information file (Tables S1-S3) along
with their 95% confidence intervals (95% CI). In the
results of our study, we focus on presenting the ICC
single measures as it is a more accurate reflection
of how the scoring system will typically be used
(single rater, assigning a single score). We based our
interpretation of agreement of ICC single measures
on previously published guidelines as follows: (1)
ICC < 0.5 = poor; (2) 0.5-0.75 = moderate; (3) 0.75—
0.9 = good; and (4) > 0.90 = excellent (Koo and Li
2016). We followed previously published methods
and guidelines to select the appropriate ICC form
and reporting of ICC parameters for each test (Shrout
and Fleiss 1979; McGraw and Wong 1996; Koo and
Li 2016). ICCs are a commonly used statistic for
assessing rater reliability for ordinal, interval, and
ratio variables (Hallgren 2012); however, there is an
underlying assumption of normality. Thus, we tested
for violations of normality by visually examining
histograms displaying the distribution of these data
and determined that the normality assumption was not
violated as we did not observe any extreme skewness.

Additional statistical tests for normality were not
appropriate because these data are ordinal and often
bivariant. We performed all statistical analyses using
R open software (R Development Core Team 2022)
using the irr package (Gamer et al. 2012).

RESULTS

Inter-rater agreement was high (i.e., at or above an
ICC good level of agreement) across all conditions and
levels of expertise (Fig. 1; Supplemental Information
Table S1). Similarly, intra-rater agreement was
high across all conditions and levels of expertise
(Fig. 1; Supplemental Information Table S2). The
inter- and intra-rater level of agreement was similar
between the two levels of expertise across four of
the five conditions (cutaneous hypopigmentation,
microphthalmia, brachygnathia, and gill retention).
When evaluating edema, the graduate students had
a slightly higher level of both inter- and intra-rater
agreement compared to the specialists. There was a
high level of agreement between the score assigned
by the raters compared to the score determined by
the benchmark standard across all conditions and
all raters (Supplemental Information Table S3). The
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FIGURE 2. Accuracy of people (i.e., raters) assigning the abnormality scores for each condition described in the Gopher Frog (Rana
capito) developmental abnormalities scoring system. Accuracy based on the percentage of scores assigned by people (i.e., raters) that
matched the benchmark standard for each of the conditions: (A) cutaneous hypopigmentation for the initial scoring model (i.e., the origi-
nally proposed scoring model including the score categories of 0, 1, 2, 3), (B) cutaneous hypopigmentation for the simplified (i.e., final-
ized) scoring model (combining score categories of 2 and 3), (C) microphthalmia, (D) brachygnathia, (E) edema, and (F) gill retention.

percentage of occasions when the raters assigned the
same score as the benchmark standard was relatively
high (> 90%) across all scores for four out of the five
conditions (microphthalmia, brachygnathia, edema,
and gill retention; Fig. 2; Supplemental Information
Table S4). For cutaneous hypopigmentation, the
percentage of occasions when the raters assigned
the same score as the benchmark standard was
much more variable (percentage matched < 75%),
particularly for scores 2 and 3 (Fig. 2). Consequently,
we re-analyzed these data with the scores of 2 and 3
combined into a single category. With this simplified
scoring system for cutaneous hypopigmentation
with only categories 0, 1, and 2, the percentage of
occasions when the raters assigned the same score as
the benchmark standard increased to 89% (Fig. 2).

DISCUSSION

Headstarting is a vital conservation tool for Gopher
Frogs, particularly as we enhance our understanding
of long-term population persistence and sensitivity to
the complex factors contributing to declines across
the range of the species, such as drought (Crawford et
al. 2022) and anthropogenic stressors (Paulukonis et

al. 2021). Conservation planning efforts are and will
continue to be a priority for many species, as 41% of
amphibian species globally are considered threatened
with extinction according to the International Union
for Conservation of Nature (IUCN) Red List of
Threatened Species (IUCN 2022). The Amphibian
Conservation Action Plan (ACAP) was developed
by the IUCN Species Survival Commission (IUCN/
SSC) Amphibian Specialist Group as a response
to global amphibian declines and specifically
highlights the immediate need to establish long-term
conservation programs (Gascon et al. 2007). Despite
the importance of conservation programs to many
amphibian species, there are significant knowledge
gaps related to amphibian husbandry, health, and
basic nutritional requirements that complicate the
success of these programs (Ferrie et al. 2014; Olea-
Popelka et al. 2014). In addition, to successfully
tackle the complex factors contributing to global
amphibian declines, a broad set of stakeholders
must be involved in amphibian conservation
efforts (Gascon et al. 2007). Yet, efforts involving
a range of stakeholders have resulted in different
technical approaches resulting in a general lack of
standardization in techniques, tools, measurement

123



Nelson et al.—Gopher Frog abnormality scoring system.

units, and protocols (Ferrie et al. 2014). This lack
of standardization represents a significant challenge
when attempting to compare and evaluate parameters
related to amphibian health for species involved in
conservation programs.

Previous efforts have proposed potential
standardized approaches and methods for several
aspects related to amphibian health (Olea-Popelka et
al. 2014). The developmental abnormalities observed
in Gopher Frog headstarting efforts exemplify many
of these complications and challenges. Currently,
Gopher Frog headstarting efforts are occurring
in Georgia, North Carolina, and South Carolina
and involve multiple stakeholders and agencies.
Personnel involved in Gopher Frog headstarting
efforts have observed developmental abnormalities
in captive-reared animals since at least 2017 and
anecdotal evidence suggests that the frequency has
since increased. Up until this point, no quantitative
data have been collected on the developmental
abnormalities observed in headstarting events.
Previous efforts to evaluate abnormality severity in
wild amphibians used a scoring system that involved
calculating the sum of the number of abnormalities
on each abnormal individual (Johnson et al. 2001).
Using this scoring model results in a single value
to represent the overall abnormality severity for the
individual but does not provide detailed information
about the severity of multiple abnormal conditions.
Currently, there is a lack of understanding con-
cerning the cause of the abnormalities occurring
in headstarting and whether they occur in the wild.
Thus, to improve efforts to track the potential impacts
of environmental conditions on the abnormalities we
observed, we wanted a scoring model that assessed
the severity of each abnormality.

By creating and implementing our own scoring
system, we were able to collect quantitative data to
compare the severity of abnormalities across rearing
tanks and document the progression of conditions
(McFall et al. 2023). This scoring system has not
been previously used by other facilities; thus, we
were unable to compare our data to those of other
facilities that also experienced abnormalities. Based
on the results of this study, we now have a reliable
and valid standardized scoring system that can be
widely used across headstarting facilities. This will
aid in our ability to track the presence and severity
of abnormalities across headstarting facilities and
throughout time. Widespread use of this scoring
system will provide researchers and conservation
practitioners with consistent data and information

that will aid further investigations into the potential
causes of the abnormalities. Additionally, collecting
quantitative data across Gopher Frog headstarting
facilities will provide valuable insights into the
potential role of captive rearing environments
in contributing to the observed developmental
abnormalities.

We found clear support that our Gopher Frog
developmental abnormality scoring system can
be used by individuals with no prior experience
in amphibian husbandry. Overall, inter-rater
agreement was either excellent or good for four of
the five conditions. Evaluators were less consistent
in judging whether or not frogs had edema. When
evaluating edema, the graduate students had a
higher ICC single value indicating an excellent
level of agreement compared to the specialist who
had a good level of agreement. This is encouraging
because often seasonal technicians assisting with
headstarting efforts have less experience than
specialists in the field. Edema is difficult to evaluate
with a photograph compared to an in-person visual
examination, which may explain this differing level
of agreement between the graduate students and
specialists. Importantly, intra-rater agreement was
excellent or good across all conditions. This suggests
that the definitions proposed in the described scoring
system are clear and repeatable on an individual level.
Thus, implementation of this scoring system across
headstarting facilities should provide consistent
scoring within and across facilities.

The inter- and intra-rater agreements assess how
consistent the scores are within and between raters,
but they do not reflect accuracy (i.e., the scores
could be reliable between raters and among the
same rater but consistently wrong and not aligned
with the defined scoring system). By comparing the
agreement of the scores from each group with the
scores assigned by the authors that were considered
the benchmark standard, we were able to determine
the accuracy of the evaluators. Across most
conditions, the raters correctly scored the abnormality
more than 90% of the time. The exception was
for cutaneous hypopigmentation, where the raters
were correct 70% of the time. Initially, cutaneous
hypopigmentation had the most complex scoring
system with four possible categories (described
in Supplementary Information Table S5). When
we evaluated the inter- and intra-rater agreement
for cutaneous hypopigmentation, we examined
agreement with this original scoring model with the
four possible categories (scores 0, 1, 2, 3). While we
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found a high level of inter- and intra-rater agreement
for cutaneous hypopigmentation, this does not reflect
accuracy. When we compared the agreement of the
scores from the evaluators to the benchmark standard
for cutaneous hypopigmentation, raters were not able
to reliably distinguish between a score of 2 and 3.
When we re-analyzed the agreement between the
scores assigned by evaluators and the benchmark
standard with only three categories (scores 0, 1, 2),
accuracy improved. Thus, moving forward we have
combined categories 2 and 3 for a finalized validated
scoring system (described in Table 1).

The present study has a few limitations that
should be taken into account. First, the scoring
system was developed by evaluating live specimens
while this study evaluated the scoring system based
solely on image analysis. It is possible that an in-
person examination could lead to a different level of
agreement between evaluators. Though, it is unlikely
that we would have been able to represent the entire
range of the abnormalities in adequate numbers at
a single time for an in-person evaluation. For the
same rationale, other similar studies examining rater
agreement in scoring systems for injuries (Mejdell
et al. 2010), lesions (Foddai et al. 2012), or disease
symptoms (Webb et al. 2020) in different species have
also used images or videos rather than live specimen
in-person evaluations. Additionally, when the scoring
system was developed the condition scores included
a description of the location of the abnormality (i.e.,
left, right, or bilateral). The abnormalities were not
always symmetrical (e.g., microphthalmia may have
received a score of 0 on the left eye and a score of 2
on the right eye). To simplify this study, we chose
not to include this component in the evaluation of
the reliability of the scoring system. Though, we
recommend that the finalized scoring system include
an additional classification for the location and
symmetry of the abnormality.

In conclusion, this study provides support for
the validation of the Gopher Frog developmental
abnormality scoring system with high score
agreement across conditions and evaluators. We
recommend that facilities involved in headstarting
Gopher Frogs and other amphibians use this
developmental abnormality scoring system to track
the frequency and severity of the abnormalities
observed in future headstarting efforts. Wide use
of the developmental abnormality scoring system
will be a valuable tool for collecting standardized
data and will provide researchers with beneficial
information to further investigate potential causes

of the abnormalities. Additionally, we hope that this
will provide a framework for future management or
conservation efforts for other imperiled species that
may encounter the need to monitor similar health and
welfare characteristics.
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