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Abstract: Wetland condition assessment is often performed by land managers, federal and local gov-
ernments, and conservation organizations to document current condition and potentially take action to
protect or restore valuable wetland resources. These condition assessments often include data collection or
surveys of biotic communities such as vegetation, macroinvertebrate, and amphibian communities. Assess-
ment tools for gauging quality of these communities are needed to allow scientists to understand overall
condition. To facilitate a better understanding of amphibian communities found in wetlands and associ-
ated habitat quality, we created ratings of anthropogenic disturbance sensitivity for wetland and aquatic
amphibian species in North Carolina. With adequate surveys of amphibian communities, these ratings can
be input into an index of amphibian wetland habitat quality for North Carolina wetlands, the Amphibian
Quality Assessment Index (AQAI). Comparison of the AQAI against amphibian species richness in a 3-yr
study in 16 wetlands showed the two indices to be correlated but not strongly so. The AQAI has the advan-
tage of providing additional habitat quality information beyond indices based solely on species richness
and abundance.

Key Words: amphibian; wetland; aquatic; habitat; assessment; coefficient of conservatism; C-value;
North Carolina.

Because wetlands and aquatic habitats are protected
under the federal Clean Water Act and state/local rules,
they frequently must be evaluated or monitored for qual-
ity, to ensure adequate protection of the resource, via
management or mitigation. Evaluating biotic communi-
ties in wetland and aquatic habitats can yield impor-
tant insights into habitat function and condition. Am-
phibians have been used as indicators of water quality
(Veselka 2008), restoration success (Walls et al. 2014a;
Walls et al. 2014b; Gianopulos et al. 2016), and wetland
hydrology (Waddle 2006). One method of using amphib-
ians as indicators is the Amphibian Quality Assessment
Index (AQAI), which is based on ratings of each amphib-
ian species’ sensitivity to anthropogenic disturbance and
the broadness of its niche (Gianopulos et al. 2016). The
Ohio Environmental Protection Agency currently uses an
AQAI as part of its wetland assessment program andmit-
igation success assessment (Micacchion 2004, 2011). In

this paper, we present newly developed ratings for North
Carolina’s (NC) wetland-dependent and aquatic amphib-
ian species, to facilitate calculation of the AQAI in NC
and possibly serve as a model for other states.
The AQAI uses the formula for the Floristic Qual-

ity Assessment Index (FQAI), which was first devel-
oped in the 1960s and employs the use of Coefficients
of Conservatism (C-values) as estimates of sensitivity
to anthropogenically driven perturbations (Swink and
Wilhelm 1979; Wilhelm and Ladd 1988; Andreas and
Lichvar 1995; Taft et al. 1997). C-values are developed
by experts, usually by consensus, on a scale from 0 to 10
for each species. High C-values are associated with species
restricted to high quality, undegraded habitats; low C-
values represent species found in a broad range of habi-
tats, usually with a strong tolerance for anthropogenic
disturbance (Table 1). The FQAI, which incorporates C-
values along with number of species in an area, has been
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Table 1. Criteria for assignment of Coefficients of Conservatism (C values) to amphibian species.

C value Criterion

0–1 Species adapted to severe anthropogenic habitat alteration. These species can colonize areas with high degrees of anthropogenic
alteration. (Experts would have no confidence that a specimen brought into a collection was collected from a remnant or high-quality
natural area. Zero reserved for non-native species.)

2–3 Species associated with somewhat more stable, though degraded, environments.
4–6 Species with a high consistency of occurrence within given community types. They may persist with light/moderate alteration but may

decline with increase in intensity/duration/frequency of this alteration.
7–8 Species associated mostly with well-established natural areas, but that can be found persisting where the habitat has been somewhat

degraded.
9–10 Species considered to be restricted to high-quality natural areas, including those which show high frequencies of natural disturbance,

such as flooding or fire. These species exhibit a high degree of fidelity to a narrow range of habitat requirements. (Experts would have
nearly 100% confidence that a sample brought into a collection was collected from a remnant or high-quality natural area.)

found to be a robust indicator of wetland condition in
natural systems (Bourdaghs et al. 2006; Matthews et al.
2015).
The AQAI is derived using the following formula:

AQAI = C
√
N

where C = mean C-value for all amphibian species and
N = total number of amphibian species.

The authors include a panel of five expert herpetolo-
gists who assigned amphibian C-values to NC’s wetland
and aquatic amphibian species. This panel has decades of
experience surveying for amphibians in NC and included
two co-authors of Amphibians and Reptiles of the Car-
olinas and Virginia, Second Edition (Beane et al. 2010):
Jeff Beane (Collections Manager for Herpetology, NC
State Museum of Natural Sciences) and Alvin Braswell;
Jeff Hall (Partners in Amphibian & Reptile Conservation
Biologist); Jeff Humphries (Wildlife Diversity Biologist/
Herpetologist); and Nathan Shepard (Eastern Region
Field Biologist). To assign C-values, the panel referred
to NC Natural Heritage Program records and lack of
recent records, NC State Museum of Natural Sciences
records/lack of records resulting from program surveys,
the NC Wildlife Action Plan (NC Wildlife Resources
Commission 2015), the latest Scientific Council Report
from the Nongame Wildlife Advisory Committee of the
NCWildlife Resources Commission (Dorcas et al. 2009),
and our collective field observations (or lack of observa-
tions in areas where species historically were found) dat-
ing back to the 1960s in NC.
The panel evaluated each species in the context of what

that species indicated about the quality of wetland or
aquatic habitat. Criteria for amphibian C-value assign-
ments were similar to those used for FQAI plant species
assignments (Table 1). Low C-values were assigned to
amphibian species that can tolerate a broad range of
environmental conditions, including impacted habitats
such as suburban lawns and stormwater retention ponds.
These species are habitat generalists and not significantly
affected by anthropogenic habitat alterations. Higher
C-values were assigned to species with narrow habitat
requirements and those not found in areas altered by hu-

man activities. While there is a loose correlation between
rarity and high C-value, we did not consider rarity alone
to be an indicator of a species’ tolerance of alteration and
therefore rarity was not used as the sole determinant of
C-values.
We assigned mean C-values by consensus (Table 2). To

do so, we first discussed each species and then individ-
ually assigned C-values, from which means were calcu-
lated. Any disagreement in mean assignment was met by
further discussion until consensus was reached. For 67
of 71 species considered, our individual C-values were
within one point of each other. We agreed completely on
C-values for 34 species. The greatest ranges in individual
C-value assignments were 2.0–2.5 points, as given for four
species: Mabee’s salamander (Ambystoma mabeei), com-
mon mudpuppy (Necturus maculosus), southern chorus
frog (Pseudacris nigrita), and carpenter frog (Rana [Litho-
bates] virgatipes). No non-native amphibian species have
been detected reproducing in the wild in North Carolina,
so no species received a C-value of zero.
The C-value database and AQAI can be useful for iden-

tifying wetland and aquatic habitats of high conservation
value, following sites through time, and gauging ecologi-
cal condition. Wetlands with particularly sensitive species
can be assumed to be of higher quality or in better condi-
tion than those with only the more tolerant species. How-
ever, the absence of a particular species requires cautious
interpretation, because absence hasmany potential causes
(e.g., wetland degradation, migration barriers, population
dynamics, species rarity). Because wetland amphibian as-
semblages can be highly dynamic from year to year
(Hecnar and M’Closkey 1996), especially within
ephemeral wetlands, studies should combine results
over multiple years after the manner of Pechmann et al.
(2001) and Gonzalez (2004). The impacts of natural
variations in species detection can be lessened through
long-term sampling efforts at multiple locations and with
a combination of visual and auditory data collection.
The NC Division of Water Resources and the NC

Wildlife Resources Commission utilized this AQAI in a
recent 3-yr project to better understand amphibian com-
munities in natural and restored wetlands, to improve
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Table 3. Mean amphibian quality assessment index (AQAI) values and species richness for each study wetland over three sampling years; sites
were ranked from one to 16, from highest AQAI to lowest. Ref = reference.

Site Type Site Name Mean AQAI Mean Species Richness

Open Canopy Ref 17 Frog Pond 13.5 9.7
Open Canopy Ref Brandon’s Pond 13.3 8.0
Enhanced Block T Pond 11.7 11.7
Enhanced Little Little Dismal Pond 11.1 8.7
Closed Canopy Ref Pulpwood Pond 11.0 8.7
Open Canopy Ref Tiger Pond 9.8 5.7
Enhanced Slate Circle 9.6 8.5
Open Canopy Ref Swain Pond 9.5 6.3
Re-established Juniper Bay 7.8 10.0
Enhanced Braswell Ponds 7.7 6.7
Closed Canopy Ref Gum Pond 6.6 8.3
Re-established Stone Farm 6.4 5.7
Closed Canopy Ref Cypress Pond 6.1 3.7
Re-established Dover Bay 5.9 5.5
Re-established Parker Farms 5.5 8.0
Closed Canopy Ref Block O Pond 2.5 1.3

mitigation design and restoration practices to benefit
these animal communities (Gianopulos et al. 2016). Six-
teen (16) wetlands were selected for study in the Coastal
Plain and Sandhills regions of NC, representing four
types: re-established wetlands, closed-canopy reference
wetlands, enhanced wetlands, and open-canopy reference
wetlands. Re-established wetlands had been historically
drained for silviculture or agriculture and were restored

by plugging ditches and planting wetland tree species.
Enhancement wetlands were historically open-canopy
systems, but fire suppression allowed trees to invade, so
trees were removed in an effort to improve aquatic an-
imal habitat. After re-establishment and enhancement,
amphibian sampling was performed consistently across
all sites and years with dipnetting, visual surveys, and
call recordings. The amphibian communities found in

FIG. 1. Amphibian quality assessment index (AQAI) values for amphibian communities in four types of wetland. Ref = reference. Data from
Gianopulos et al. (2016).
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FIG. 2. Values and site ranks on 16 wetland sites over a 3-yr study for amphibian quality assessment index (AQAI) versus species richness; dots
in top graph represent index values in a given year at a given site. Sites were ranked from one to 16, from highest AQAI to lowest. Data from
Gianopulos et al. (2016).

open canopy wetlands (reference and enhanced) were of
higher quality than those in closed canopy wetlands (Fig.
1). High C-value species such as the tiger salamander
(Ambystoma tigrinum), gopher frog (Rana [Lithobates]
capito), Pine Barrens treefrog (Hyla [Dryophytes] ander-
sonii), and barking treefrog (Hyla gratiosa [Dryophytes
gratiosus]) were only detected in the open canopy wet-
lands, indicating that restoring overgrownwetlands can be
advantageous for these specialized species, which are of
conservation interest.
Species richness and diversity indices are often used

to evaluate biotic communities, but these indices rely
solely on total numbers of species and abundances. A
major benefit to using an AQAI for amphibian commu-

nity evaluation is that it incorporates species level infor-
mation about habitat quality. While species richness was
positively related to AQAI in Gianopulos et al. (2016),
the sites with moderate to higher levels of amphibian
species richness showed a wide range of AQAI values
(Fig. 2). Site rankings based on AQAI did not always
agree with site rankings based on species richness, though
generally the two indices grouped open canopy wetlands
(enhanced and reference) together, with less consistency
among closed canopy wetlands (re-established and refer-
ence) (Fig. 2).
Incorporation of habitat quality information into the

AQAI makes the index potentially more useful or ac-
tionable than richness or diversity indices. Management
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actions are sometimes targeted toward benefiting higher
C-value species, which are often rare as a function of their
sensitivity to anthropogenic disturbance and particular
habitat requirements. Certain management activities such
as removing permanent water and eliminating fish could
make habitat less suitable for some low C-value species
like the American bullfrog (Rana catesbeiana [Lithobates
catesbeianus]) or pickerel frog (Rana [Lithobates] palus-
tris), but also result in an increasedAQAI bymaking habi-
tat more suitable for high C-value species who need fish-
free environments to successfully breed.
One disadvantage to distilling amphibian community

data into a single number, no matter what the index, is
that important information can be hidden, such as pat-
terns in the occurrence of unusual or protected species.
However, indices can be particularly useful when assess-
ing large numbers of sites or when needing to succinctly
describe certain aspects of sites. The AQAI offers the ben-
efit of indicating extra information about the quality of
aquatic habitat and surrounding uplands utilized by am-
phibians, beyond simple species presence and abundance.
Acknowledgments: We thank Virginia Daniel for ini-
tial research on coefficients of conservatism for use
in amphibian community analysis. We also thank two
anonymous reviewers for their input which improved the
manuscript.
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