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Abstract—Chiggers are the larval form of trombiculid and leeuwenhoekiid mites that parasitize terrestrial
vertebrates. With one exception, species of chiggers that infest amphibians burrow under the skin to encapsulate
and feed. They are detected by the naked eye as moving red or orange dots, swollen nodules, lesions, or pustules.
Alabama, USA, has only one previous report of a chigger infested salamander. We examined 45 Northern Slimy
Salamanders (Plethodon glutinosus) from five localities in Jefferson or Shelby counties, Alabama and counted the
number of chiggers in infested individuals. We found salamanders infested with mites at four of five localities, and
we identified the mite as Hannemania cf. dunni. The overall prevalence of infestation among the five localities was
66.7%, the average abundance was 11.8 +£ 2.1 (SE) and the mean intensity of infestation was 17.6 + 2.6 (range, 1-52),
which is the highest intensity reported in the Plethodon glutinosus complex. We found no relationship between
body size (snout-vent length, distance between limbs or weight) and infestation levels. Mites were not distributed
equally across body regions; rather, the limbs and feet had more mites than either the tail or body. We found
relatively fewer mites on the head, throat, and cloacal regions. Our report represents a new host and the second
record of this chigger for Alabama. Infestation reportedly negatively affects salamanders through physical damage

to the limbs and body, reduces reproductive success, and may increase susceptibility to disease.
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INTRODUCTION

Chiggers are the six-legged larval form of trombiculid
and leeuwenhoekiid mites that parasitize terrestrial
vertebrates worldwide (Sambon 1928; Hyland 1961;
Loomis and Wrenn 1984; Shatrov and Kudryashova
2008). Chigger mites have a complex life cycle
consisting of egg, deutovum (inactive larval stage), larva
(parasitic, six-legged chigger stage), nymphochrysalis
(inactive nymphal stage), nymph (free-living, eight-
legged), imagochrysalis (inactive), and adult (free-
living, eight-legged; Hyland 1950; Wharton and Fuller
1952; Sasa 1961). Chigger mite larvae require only
one host, and after feeding (engorgement) they drop off
the host to continue their life cycle in soil, leaf litter,
grasses, decaying logs, tree snags, or bark (Ewing 1944;
Loomis 1956). In most groups of vertebrate hosts,
chiggers typically engorge in just a few days (Wharton
and Fuller 1952; Mullen and OConnor 2009); however,
in amphibians, chiggers often remain partially or
completely embedded in the dermis for months, even
after feeding (Ewing 1926a; Hyland 1961). Nymphs
and adults are not parasitic; rather, they prey on other
small arthropods and their eggs (Lipovsky 1951; Hyland
1961; Mullen and OConnor 2009).

Copyright © 2019. Kristin A. Bakkegard
All Rights Reserved.

In North America, mites from two genera,
Hannemania and Eutrombicula, parasitize amphibians
(Paredes-Leon et al. 2008; Walters et al. 2011). All
of the approximately 27 species of Hannemania are
amphibian specialists (Silva-de la Fuente et al. 2016);
whereas, Eutrombicula is more speciose and parasitizes
all vertebrate groups (Wrenn and Loomis 1984; Mertins
etal. 2011; Walters et al. 2011). Eutrombiculan chiggers
are familiar to herpetologists as they are easily seen
between the scales of snakes, in the axilla of lizards
(Ewing 1921; Benton 1987), or attached to the skin of
turtles (Ewing 1926b, Jenkins 1948). They are also
responsible for the characteristic itching and red welts
that afflict many field biologists (Ewing 1921; Jenkins
1948; Bennett et al. 2014). In amphibians, larval
Eutrombicula sp. stay attached on the surface of the skin
and are visible as small orange or red dots (Torrence et
al. 2007; Mertins et al. 2011). In contrast, Hannemania
sp. use specialized chelicerae to burrow into the skin of
amphibians where they feed and encapsulate (Sambon
1928; Crossley 1960; Hyland 1961). The capsule that
surrounds the chigger is formed by the dermis and located
in the stratum spongiosum (Hyland 1961; Grover et al.
1975). Feeding times are shorter than encapsulation
times, which vary from at least three months to over a
year in anurans (Ewing 1926a; Loomis 1956; Hyland
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Ficure 1. Collection localities for Northern Slimy Salamanders
(Plethodon glutinosus) in Jefferson and Shelby counties, Alabama,
USA. We derived the map from Google Maps.

1961; Welbourn and Loomis 1975).We did not find any
records of encapsulation times for caudate hosts.

Larval Hannemania are seen by the naked eye as
orange-colored lesions, swollen nodules, or vesicles
that can be on any part of the body, but primarily are
on the feet and ventral surfaces of the body (Sladky et
al. 2000; Malone and Paredes-Leon 2005; Brown et
al. 2006). An infested host may also have deformed
limbs or be missing digits (Connior et al. 2016). While
collecting Northern Slimy Salamanders (Plethodon
glutinosus) for another study, we noticed that some
were infested with chiggers. Hribar and Tyler (1989)
first reported chigger infested amphibians in Alabama,
USA. Here, we provide the second record of chiggers
in any amphibian in Alabama. We report variation in
parasitism by locality and body region and assess the
relationship between body size and infestation.

MATERIALS AND METHODS

We collected 45 Northern Slimy Salamanders
(Plethodon glutinosus) in June and July 2013 by
searching underneath natural cover objects and in rock
crevices in mixed hardwood-pine forests at five localities
in Jefferson and Shelby counties in north-central
Alabama, USA (Fig. 1). We placed each salamander
into individual small plastic bags, transported them to
the laboratory, and housed each in individual plastic
containers with moist paper towels. We used digital

calipers to measure snout-vent length (SVL, tip of the
snout to the posterior end of the cloaca) and distance
between limbs (DBL, axilla to the anterior connection
of the hind limb to the body) to the nearest 0.01 mm.
We weighed each salamander to the nearest 0.01 g
using a digital scale. We examined each salamander
for chiggers and classified any as infested if they had
lesions of orange to reddish pustules, swollen nodules,
or vesicles (Sladky et al. 2000; Connior et al. 2016). We
counted the number of chiggers on each of the following
body regions: head and throat, body (dorsal and ventral
surfaces), forelimbs and feet, hindlimbs and feet, cloaca,
and tail. We also noted any missing digits, as mites have
been found to deform the feet of parasitized salamanders
(Connior et al. 2016). We released salamanders at their
capture locations within a month.

We excised three mites from the tissues of a deceased
salamander, stored them in 75% ethanol, briefly air
dried them and then placed them directly into Hoyers
Solution on standard (75 x 25 mm) microscope slides,
applying a 12 mm coverslip. We dried the slides in a
drying oven at 50° C for two weeks, then ringed with
Glyptal (GC Electronics, Rockford, Illinois, USA).
We identified the mites to genus using Brennan and
Goff (1977), supplemented by Ewing (1931), Radford
(1942), and Loomis (1956). We used Sambon (1928)
and Hyland (1956) for species determination, consulting
Goff et al. (1982) for the terminology used in chigger
identification.

We used the definitions in Bush et al. (1997) to quan-
tify parasite populations (prevalence, abundance, inten-
sity) and visualized the distribution of chigger infesta-
tion using a histogram. Prevalence (number of infested
hosts / number of examined hosts) and abundance (num-
ber of chiggers / total number of hosts) include infested
and uninfested salamanders; whereas, intensity (number
of chiggers / number of infested hosts) only includes in-
fested salamanders. We tested the hypothesis that body
size (as defined by SVL, DBL, and weight) predicts in-
festation status by conducting a logistic regression of
SVL, DBL, and body weight against infestation status
(0 if uninfested, 1 if infested) in R (R Core Team 2017).
We followed this with a test of the hypothesis that our
measures of body size (SVL, DBL, body weight) predict
the extent of mite infestation for salamanders infested
with chiggers. To accomplish this, we regressed over-
all counts of chiggers against the three previously de-
scribed predictor variables using a Poisson generalized
linear model in R. We used a Poisson regression be-
cause of its suitability in circumstances in which the re-
sponse variable is count data (O’Hara and Kotze 2010).
The coefficient of determination, %, was calculated us-
ing the rsq package in R (Zhang 2018). We next tested
the hypothesis that different body regions experienced
differential degrees of infestation with a nonparametric
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Ficure 2. Chiggers (Hannemania cf. dunni) infesting Northern
Slimy Salamanders (Plethodon glutinosus) from north-central
Alabama, USA, burrowing into (A) the epidermis and (B) causing
loss of digits. (Photographed by Kristin A. Bakkegard).

Kruskal-Wallis test performed in R using untransformed
mite counts per body region of infestation for infested
salamanders. We followed this with Nemenyi's non-
parametric pairwise rank test using the PMCMRplus
package in R (Zar 1999; Pohlert 2018) to identify which
regions differed. Ties were randomly broken prior to
analysis, which allowed us to correct for multiple testing
using a Bonferroni correction. We subsequently visual-
ized the distribution of mites across the body using box-
plots. Results were considered significant if P < 0.05.

RESsuLTS

We identified the mites (Fig. 2) as Hannemania
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FiGure 3. Distribution of abundance and intensity of infestation by
Hannemania cf. dunni in Northern Slimy Salamanders (Plethodon
glutinosus) from north-central Alabama, USA. Prevalence of
infestation is 66.7%, median abundance is six chiggers and the
median intensity is 14 chiggers.
cf. dunni (Acari: Leeuwenhoekiidae). We found
salamanders parasitized with chiggers at four of five
localities (Table 1), with none of the five salamanders
captured at Red Mountain Park parasitized by mites.
Total prevalence of infestation for salamanders (n = 45)
from all five localities was 66.7%. Mean abundance
was 11.8 + 2.1 (standard error) and the mean intensity of
infestation was 17.6 £ 2.6 (range, 1-52) with variation
among localities and body region (Table 1, Table 2).
Not all salamanders were infested by chiggers, and the
data were not normally distributed; consequently, we
followed the recommendation of Bush et al. (1997)
and also report a median abundance (six chiggers) and
intensity (14 chiggers; Fig. 3). The logistic regression
revealed no relationship between SVL, DBL, or body
weight and infestation status (Fig. 4A, C, E). Likewise,
the Poisson regression revealed that the same three
measures of body size do not predict the extent of
infestation (Fig. 4B, D, F). Chiggers were not evenly
distributed over the body (H =69.04, df =5, P <0.001).
Severity of infestation is greatest in limbs and feet,
lowest on the head/throat and cloaca, and intermediate
on the tail and body (Fig. 5, Table 3). We did not observe

TaBLE 1. Sample size (n), percentage prevalence, mean abundance (+ 1 standard error), mean intensity (+ 1 standard error), and range of
intensity, of parasite populations of Northern Slimy Salamanders (Plethodon glutinosus) infested with Hannemania cf. dunni by locality.
The first four localities are in Jefferson County, Alabama, USA. Oak Mountain State Park is in Shelby County, Alabama, USA, and
salamanders were collected at four different areas within the park. The abbreviation n indicates the number of salamanders examined for

chiggers by locality and SE is standard error.

Locality n Prevalence (%) Mean Abundance Mean Intensity Range of Intensity
Moss Rock 6 100.0 22.0+6.8 22.0+6.8 5-52

Red Mountain Park 5 0.0 0 0 0
Trussville 9 11.1 0.22+£0.22 2 2

Turkey Creck 1 100.0 44 44 44

Oak Mountain State Park 24 91.7 14.6 +£2.6 16.0+2.7 1-47

Totals 45 66.7 11.8+2.1 17.6 £2.6 1-52
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Ficure 4. Relationships between body size measurements and chigger (Hannemania cf. dunni) infestation on Northern Slimy
Salamanders (Plethodon glutinosus) collected in north-central Alabama, USA. Logistic regressions showing the relationship between
body size and probability of infestation is plotted in A, C, and E; Poisson regressions showing the relationship between body size and

extent of infestation is in B, D, and F.

any chiggers in or near nasolabial grooves. Only four
salamanders were missing digits; three had lost a digit
from a front foot and one was missing a digit from a
front and hind foot.

DiscussioN
Several species of chigger mites (Hannemania

sp.) parasitize terrestrial and semiaquatic species of
amphibians across the U.S. and Mexico (Paredes-Leon

et al. 2008; Walters et al. 2011; Connior et al. 2016),
and salamanders from three families are known hosts
of one or more species of these mites (e.g., H. dunni,
H. eltoni, H. hegeneri, or H. monticola; Hyland 1961,
Walters et al. 2011; Silva-de la Fuente et al. 2016).
Parasitism of salamanders by species of Hannemania
in Alabama, however, is either rare or seldom reported.
For example, the only record of H. dunni parasitizing
a species of salamander in Alabama is that of Hribar
and Tyler (1989) who documented parasitism of the
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FiGure 5. Distribution of chiggers (Hannemania cf. dunni) by body
region for parasitized Northern Slimy Salamanders (Plethodon
glutinosus) collected in north-central Alabama, USA. Significant
differences (P < 0.05) by Nemenyi's non-parametric pairwise rank
test is indicated with capital letters corresponding to letters below
variable names. Corresponding P-values are in Table 3.

Southern Two-lined Salamander (Eurycea cirrigera)
in the southeastern Piedmont physiographic region
of Alabama. Thus, our report of Hannemania dunni
parasitizing the Northern Slimy Salamander represents
both a new host record for Alabama and a new
physiographic region (Valley and Ridge). Furthermore,
our report represents the southern-most location of a
species of Hannemania chiggers parasitizing a member
of the Slimy Salamander species complex. Salamanders
of the Plethodon glutinosus complex (Highton et al.
1989) parasitized by Hannemania (dunni, hegeneri, or
unknown species) have been reported from Arkansas,
USA (Duncan and Highton 1979; McAllister et al.
2002), Illinois, USA (Landewe 1960), North Carolina,
USA (Mann 1932; Rankin 1937; Westfall et al. 2008),
and Oklahoma, USA (Duncan and Highton 1979).
Plethodon glutinosus is host to only one other species
of chigger mite, Eutrombicula lipovskyana, for which
only one chigger was found on one salamander
(Landewe 1960), indicating an uncommon occurrence.
Our study does not eliminate the possibility that some
of our salamanders could be infested by other species
of Hannemania. Nearby records with the chigger
identified to species are from Georgia, USA (H. eltoni,
H. hegeneri; Crossley and Proctor 1971), and Florida,
USA (H. hegeneri; Hyland 1956; McAllister et al. 2015).

We report the highest mean intensity of infestation
by Hannemania sp. in the P. glutinosus complex, and the
third highest mean intensity (17.6 chiggers/individual)
for any salamander species in the USA. The next
highest mean intensity was reported by Landewe (1960)

TaBLE 2. Chigger location by body region (based on the total
number of chiggers (n = 529) and the percentage of Hannemania
cf. dunni infested Northern Slimy Salamanders (Plethodon
glutinosus) by body region calculated with all salamanders in the
sample (n = 45) and only those parasitized by mites (n = 30).

All
Mites by salamanders  Parasitized

Body region region (%) (%) only (%)
Head and throat 2.6 222 333
Body (dorsal and 159 42.2 63.3
ventral sides)

Forelimbs/feet 28.5 62.2 93.3
Hindlimbs/feet 35.0 62.2 93.3
Tail (dorsal and 13.8 51.1 76.4
ventral sides)

Cloaca 4.2 24.4 36.7

with seven H. hegeneri/salamander (range, 1 to 22) and
by Mann (1932) with 6.4 Hannemania sp./salamander.
It is unclear whether Rankin (1937) was reporting
abundance (includes non-parasitized salamanders) or
intensity (infested only), but he reported 3.2 parasites/
host. Westfall et al. (2008) reported an abundance of 0.5
chiggers/salamander and Duncan and Highton (1979)
and McAllister et al. (2002) provide only prevalence
of infestation, which were less than 10%. The two
species of salamander with higher mean intensities than
ours were Desmognathus brimleyorum (21 chiggers
per infested salamander) and Plethodon ouachitae (20
chiggers on average; Winter et al. 1986). Interestingly,
Winter et al. (1986) found no infestation in any species
from the P. glutinosus complex. Pope and Pope (1951),
Duncan and Highton (1979), Anthony et al. (1994),
and Connior et al. (2016) all report finding few to no
infested individuals of P glutinosus complex even
when sympatric species had high infestation rates. This
phenomenon is not limited to the P. glutinosus complex
(Hribar and Tyler 1989; Regester 2001) but also occurs in

TaBLE 3. Pairwise P-values from Nemenyi’s non-parametric
pairwise rank sum test comparing counts of Hannemania cf. dunni
between body regions in Northern Slimy Salamanders (Plethodon
glutinosus) from north-central Alabama, USA. All P-values
were corrected for multiple testing using a Bonferroni correction;
comparisons correspond to those in Figure 5.

Fore- Hind-
Head/ limbs/ limbs/
Throat Feet Body Feet Cloaca
Forelimbs/ <0.001 B B B B
Feet
Body 0.001 0.647 - - -
Hindlimbs/ o001 0964 0176 - -
Feet
Cloaca 1 <0.001 0.002 <0.001 -
Tail 0.227 0.017 0.550 <0.001 0.241
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anurans (Ewing 1926a; Brandt 1936; Loomis 1956; Jung
et al. 2001). There is currently no good explanation for
why some amphibian species are infested while others
in the same habitat and locality are not. The maximum
number of Hannemania chiggers infesting a salamander
was 60 in P. ouachitae (Duncan and Highton 1979), but
the population mean (most likely reporting abundance)
was lower (5.9 + 9.5 standard deviation), so we interpret
this as a few individuals had a large number of chiggers,
which we also observed in this study.

We also found that chigger loads differed across body
regions with feet and legs having more than other body
locations, a result in agreement with Adler and Dennis
(1962), Regester (2001), and Westfall et al. (2008). We
also found no support for our hypothesis that body size
is associated with parasite load; rather, our data indicate
that salamanders of all sizes are, on average, infested
by the same number of chiggers. Regester (2001) and
Westfall et al. (2008) similarly found no relationship
between SVL and load or abundance. Whether there
is a threshold intensity associated with morbidity
and mortality or whether smaller salamanders would
show lower tolerance (sensu Simms 2000) than larger
ones is unknown. We found, similar to Westfall et al.
(2008), that infestation varies by locality. Attademo et
al. (2012), working in mideastern Argentina, showed
that a widespread frog species collected in agricultural
fields had higher prevalence and mean abundance
of Hannemania sp. than those from reference sites in
native forest from the same area. Thus, we recommend
further studies include, in addition to the microhabitat
variables suggested by Westfall et al. (2008), land-use
history as our sites experienced approximately 100 y of
anthropogenic use including logging, mining (iron ore),
steel production, and homesteading before becoming
parks or nature preserves.

We join Regester (2001) and Westfall et al. (2008) in
proposing further study on whetherinfestation by chiggers
affects survivorship, fitness, or contributes to population
decline. Chigger-parasitized salamanders are inferior
competitors for food and territories (Maksimowich
and Mathis 2000) and in addition to causing physical
damage to the skin through burrowing, encystment,
and emergence, they deform limbs, damage toes, and
in plethodontids, the nasolabial groove (Anthony et
al. 1994; Connior et al. 2016). Damaged appendages
and toes would decrease mobility, including climbing
behaviors (McEntire 2016; Button 2018). Chiggers also
modify the behavior of salamanders, especially those
that communicate via pheromones (Maksimowich and
Mathis 2001; Dalton and Mathis 2014), which could
reduce the mating success of individuals with a high
parasitic load. Additionally, mechanical damage to the
skin is certainly a pathway for a secondary bacterial or
fungal infections, especially considering the length of

time (at least one year) that Hannemania can remain
encysted. Whether chigger mites transmit pathogens in
amphibians, as they do in other vertebrates (including
humans), is currently unknown (Van der Geest et al.
2000), but is a possibility, and worthy of further study.
We encourage field biologists to continue reporting
encounters with chigger-parasitized amphibians in the
herpetological literature whenever possible.
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