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Diet of the Black Mountain Salamander  
(Desmognathus welteri) in Southeastern Kentucky

Salamanders play an important role in aquatic and terres-
trial ecosystems in eastern North America. Semi-aquatic sala-
manders are known to account for the majority of the vertebrate 
biomass in certain low-order stream ecosystems (Hairston 1987; 
Petranka and Murray 2001) where they efficiently assimilate 
energy and nutrients into biomass, converting 60% of the food 
they consume into growth and reproduction (Hairston 1987). 
Furthermore, stream salamanders often feed in both aquatic 
and terrestrial habitats, essentially linking aquatic and terrestrial 
food webs. Because of their substantial biomass and foraging 
breadth, stream salamanders can regulate both freshwater and 
terrestrial macroinvertebrate communities through top-down 
effects in food webs, which in turn influence ecosystem func-
tions such as detritus processing and nutrient cycling (Keitzer 
and Goforth 2013). 

To better understand the influence of semi-aquatic stream 
salamanders on ecosystem functions, assessments of their di-
ets are needed (Davic 1991; Vanni 2002; Davic and Welsh 2004). 
Dietary studies provide information on species foraging habits 
and the role of habitat-specific subsidies, which can then be 
used to assist species-specific conservation practices. However, 
information is lacking on the adult diets of 57% (24 out of 42) of 
eastern North American semi-aquatic plethodontid species (but 
see Carr 1940; Weichert 1945; Barbour and Lancaster 1946; Hair-
ston 1949; Chaney 1958; Anderson and Martino 1966; Huheey 
and Brandon 1973; Peck 1974; Burton 1976; Sites 1978; Tilley 
et al. 1978; Krzysik 1979; McMillan and Semlitsch 1980; Camp 
and Lovell 1989; Davic 1991; Petranka 1998; Juterbock and Fe-
lix 2005). Additionally, few dietary studies have identified prey 
beyond the level of order. Although order-level information can 
be useful, a higher resolution is more appropriate to assess the 
importance values of aquatic and terrestrial prey subsidies in 
the overall diet since natural histories can vary widely within 
the same order or family. Importance values and percent oc-
currences provide greater informative power and can allow for 
thorough and statistical comparisons of diet between species, 
seasons, or age classes (Holomuzki 1980; Davic 1991). Impor-
tance values mainly consider the volume of the prey, but fre-
quency of prey incidence is also included, giving an estimate of 
the prey items that potentially provide the greatest amount of 
resources to the predator. However, this index can overestimate 
the importance of large prey (i.e., a large prey item consumed by 
a single individual) or underestimate the importance of small 
prey items (i.e., many small prey items consumed by most of 
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the individuals). Occurrence percentages can elucidate overall 
importance based on the frequency of consumption and per-
cent of individuals consuming that prey item. Therefore, the use 
of both measures (e.g., diet importance values and occurrence 
percentages) ultimately provides a comprehensive analysis of 
the volumetrically and numerically important dietary items. 

The Black Mountain Salamander, Desmognathus welteri, is a 
large, semi-aquatic lungless salamander with a biphasic life his-
tory. This species occurs in the central Appalachian Mountains 
ranging across northeast Tennessee, western Virginia, south-
ern West Virginia, and southeastern Kentucky (Redmond 1980; 
Juterbock 1984; Petranka 1998; Felix and Pauley 2006). Within the 
central Appalachian Mountains, D. welteri is considered one of 
the more aquatic members of this genus. Individuals are typi-
cally found underneath large partially submerged rocks within 
streams but have also been observed on stream banks (Petranka 
1998; Felix 2001). The diet of larval D. welteri is unknown across 
its range, and adult diet is only known from West Virginia (Felix 
and Pauley 2006). Therefore, descriptions of D. welteri diet from 
Tennessee, Virginia, and Kentucky are lacking (Juterbock and Fe-
lix 2005; Felix and Pauley 2006). 

We examined the prey compositions of larval and adult 
D. welteri in southeastern Kentucky. Our objectives were to 1) 
non-lethally stomach flush salamanders and identify stomach 
contents to the highest possible taxonomic resolution, 2) report 
the first description of larval D. welteri diet, 3) determine the 
importance of aquatic and terrestrial subsidies in the larval and 
adult diet of this stream-associated salamander, and 4) compare 
our findings to D. welteri from West Virginia and to other species 
of Desmognathus. 

Methods

Field-Site Description.—We analyzed stomach contents 
of adult D. welteri collected in a single stream, Island Branch 
(37.08685°N, 82.98363°W; WGS 84) within the forest of Eastern 
Kentucky University’s Lilley Cornett Woods Appalachian Eco-
logical Research Station (LCW) in the Cumberland Plateau in 
Letcher County, Kentucky. Island Branch is a first-order, 2–3 m 
wide stream, located in mature second growth, mixed meso-
phytic forest at 380 m elevation. See Martin and Shepherd (1973) 
and Martin (1975) for a list of vegetation at LCW. We also ana-
lyzed the stomach contents of larval D. welteri collected at Island 
Branch and at a second locality, Bucklick stream (37.46458°N, 
83.13268°W; WGS 84) in Breathitt County, Kentucky. Bucklick lies 
approximately 40 km NNE of Island Branch and is also a first-or-
der, 2–3 m wide stream, located in mature second growth, mixed 
mesophytic forest at 278 m elevation. The vegetation at Bucklick 
is functionally similar to that at Island Branch. 

Amphibian Sampling.—We located salamanders by overturn-
ing partially submerged rocks in the stream channel and rocks, 
logs, and leaf litter along the stream margin. Upon capture, sala-
manders were placed in plastic containers with a small amount 
of stream water. We anesthetized all salamanders in the field in a 
solution of 1g Maximum Strength Orajel®/1 liter of aged tap wa-
ter (Cecala et al. 2007). Snout–vent length (SVL: from the tip of 
the snout to the posterior portion of the vent) was measured to 
the nearest 0.01 mm with a digital caliper. We used a non-lethal 
gastric lavage technique (Fraser 1976; Hantak et al. 2016) with Ni-
pro® 3 mL syringes with 22 gauge needles and 1.3 mm OD PTFE 
tubing (Zeus Inc., catalog number AWG24) and flushed stomachs 
with stream water. Salamanders were then placed in a recovery 
container of aged tap water until they could right themselves and 

respond to tapping. No mortality occurred during the gastric la-
vage. Salamanders were returned to their approximate location 
of capture within 1.5 h. All sampling was conducted during the 
early evening (1700–1900 h) from April–June in 2016 and 2017. 
Unpublished capture, mark, recapture data from JMH suggests 
there are no negative effects of recapture and stomach flushing 
on the foraging or prey consumption of plethodontid stream 
salamanders. 

Analysis.—Stomach contents were identified to family and 
genus, if possible, using a dissecting microscope along with 
appropriate keys and guides (Peckarsky 1990; Merritt and 
Cummins 1996; Fisher and Cover 2007; Bradley 2012; Evans 
2014). Additionally, presumed habitat of origin (aquatic or 
terrestrial) and invertebrate life stage (larval or adult) were 
reported, if applicable. Individual prey items were then grouped 
into larger sections, referred from here as prey groups, based on 
order/class, life stage, and presumed origin. Samples were placed 
into individually labeled vials containing 70% ethanol. Vials are 
stored in the Branson Museum collection at Eastern Kentucky 
University, Richmond, Kentucky. 

We measured length and width of each prey item to the nearest 
0.01 mm using a digital caliper and estimated prey volumes as a 
prolate spheroid using the equation (Dunham 1983):

Prey Volume (v
x
) = (4π/3) (length/2) (width/2)2

Dietary niche breadth, representing the variety of prey 
types that D. welteri consumed, was estimated by calculating a 
Shannon diversity index. Importance values, ranging from 0 to 1, 
were calculated and used to compare the overall importance of a 
particular prey group/type to the overall diet of D. welteri (Powell 
et al. 1990; Anderson and Mathis 1999). To calculate importance 
values (I

x
) for the prey groups/types, we used the equation:

I
x 
= [(n

x
/N) + (v

x
/V) + (f

x
/F)] /3

Where n
x, 

v
x, 

and f
x 

represent the number of a prey type, 
the volume of the prey type, and frequency or the number of 
stomachs containing that prey typwe, respectively, and N, V, and 
F represent their sums across all prey types (Hantak et al. 2016). 

We additionally calculated the frequency of occurrence (FO), 
or the percentage of salamanders that ate a particular prey type, 
which was calculated as:

FO = (S*100)/N

where S is the number of stomachs with that prey type and N 
is the total number of stomachs sampled. The relative occurrence 
(RO), or the percentage of each prey type’s occurrence relative to 
all of the prey items, was then calculated as:

RO = (P*100)/T

where P is total number of occurrences for that prey type 
and T is the total number of prey items recovered (Loveridge 
and Macdonald 2003). Empty stomachs were not included in the 
importance and percent occurrence analyses.

Results

We stomach flushed 66 adult D. welteri (mean ± SD SVL 
= 59.97 ± 17.07 mm; range = 30.21–85.10 mm). Overall, 63 of 
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the 66 sampled individuals contained at least one prey item 
in their stomachs. We recovered a total of 239 prey items, and 
on average, individuals contained 3.6 ± 2.5 prey items in their 
stomachs. Overall, we found 109 distinct prey types from 31 
invertebrate prey groups (Table 1, Fig. 1A), and 73 prey types 

were identified to the level of family or genus (Table 2). The 
five most numerically important prey, which made up 56% of 
the total diet, were adult dipterans (flies), adult coleopterans 
(beetles), larval lepidopterans (moths and butterflies), formicids 
(ants), and collembolans (springtails; Table 1). The five most 

Fig. 1. Prey groups found in adult Desmognathus welteri (N = 66) in southeastern Kentucky. Percent occurrences (A) and mean volume (B) 
of each prey type. The prey groups are split into terrestrial and aquatic based on their presumed origin as designated by the presence of the 
dashed line (modified from Felix and Pauley 2006).
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volumetrically important prey, which made up 33% of total 
diet, were larval caudates (salamanders), larval lepidopterans, 
adult coleopterans, adult dipterans, and formicids (Fig. 1B). 
The average volume of prey items per salamander was 75.46 ± 
143.58 mm3. Overall, approximately 19% of the prey items were 
aquatic in origin, and 81% were terrestrial. For niche breadth, we 
estimated a mean diversity (H') of 4.33. 

Beetles represented the greatest prey diversity; specimens 
were identified to nine families and 13 genera (Table 2). Beetles 
from the family Staphylinidae (rove beetles) belonged to five 
genera and made up 20% of all terrestrial adult beetles. Dipterans 
were second to the coleopterans, with individuals from 10 
families. Ants were identified to seven genera and hemipterans 
(true bugs) to five families.

Only four (two from Island Branch and two from Bucklick) 
larval D. welteri (mean ± SD SVL = 23.31 ± 1.20 mm; range = 
22.21–25.01 mm) were captured and stomach flushed. Thirteen 

prey items were recovered and identified to nine prey types from 
five prey groups (listed in order of importance): larval dipter-
ans (Chironomidae, midge flies; 0.886), larval ephemeropter-
ans (Ameletidae, combmouthed minnow mayflies; 0.264), adult 
dipterans (Cecidomyiidae, gull midges; 0.234), formicids (Lasius 
sp.; 0.160), and terrestrial hemipterans (Aphididae; 0.123). Larval 
chironomids were found in all of the salamanders and made up 
65% of all prey items. Gull midges were found in half the larval 
salamanders and made up 15% of the prey. Overall, aquatic prey 
made up 69% of the larval diet. 

Discussion 

This is the first study to: 1) describe the diet of larval and adult 
D. welteri in Kentucky; 2) identify D. welteri diet to family and 
genus; and 3) calculate individual importance values. Our results 
demonstrate that the adult diet of D. welteri in Kentucky is mostly 
composed of terrestrial invertebrates, with adult dipterans and 
coleopterans being both the most volumetrically important 
and frequently consumed prey. In this study, we reported the 
importance values for 31 prey groups to adult D. welteri from 
a population in Kentucky to the taxonomic level of family and 
genus, which were previously lacking in the literature. Overall, D. 
welteri is a generalist feeder, although terrestrial prey accounted 
for the majority of items consumed. We reported a breadth 
niche diversity (H') of 4.33. To our knowledge, this is the first 
reported dietary niche breadth for a semi-aquatic plethodontid 
salamander. However, mean Shannon diversities ranging from 
1.40 to 2.54, have been reported for Plethodon cinereus (Eastern 
Red-backed Salamander), which may be reflective of foraging 
exclusively within terrestrial environments (Anthony et al. 2008; 
Hantak et al. 2016). 

In the adult D. welteri in this study, dipterans were the 
most important prey group and we identified dipterans to 10 
different families, seven of which are considered aquatic. Yet, 
terrestrial dipterans (adults and larvae) were three times more 
important and occurred 3.5 times more often than aquatic 
dipterans within D. welteri stomachs. Dipterans have also been 
previously reported as important prey groups for other large 
adult semi-aquatic Desmognathus (Minton 1972; Krzysik 1979; 
Mills 1996; Felix and Pauley 2006). Of the studies that identified 
dipterans to family in several Desmognathus species, adult and 
larval Tipulidae (crane flies), adult and larval chironomids, larval 
Tabanidae (horse flies), and adult Mycetophilidae (fungus gnats) 
have been reported (Carr 1940; Barbour and Lancaster 1946; 
Chaney 1958; Davic 1991; Camp and Tilley 2005). In our study, 
two adult tipulids were detected, whereas larval tipulids were 
absent from stomach contents of D. welteri. Tipulids comprise 
the largest family of Diptera, with some 1,500 species recorded 
in North America (Stone 1965). Bourne (2015) only detected 
15 individual tipulids over four sampling periods in a stream 
within the old-growth forest at LCW (Big Everidge), which is 
adjacent (2000 m) to Island Branch. Therefore, the lower tipulid 
availability/stomach presence observed in the D. welteri from 
this study is likely related to regional availability or microhabitat 
differences. 

Coleopterans have also been reported as one of the most 
important prey groups in other large adult semi-aquatic 
Desmognathus (Minton 1972; Krzysik 1979; Mills 1996; Felix and 
Pauley 2006). Of the studies that identified coleopterans to family 
in several Desmognathus species, adult Buprestidae (wood-
boring beetles), adult Hydrophilidae (water scavenger beetles), 

Table 1. Importance values (I
x
), frequency of occurrence (FO), and 

relative occurrence (RO) for 31 terrestrial and aquatic prey groups 
from adult Desmognathus welteri in southeastern Kentucky. Values 
are listed in decreasing order of I

x
, FO, and then RO for terrestrial and 

aquatic prey. 

Prey Group	 I
x
	 FO	 RO	 Level

Terrestrial				  

	 Diptera (adult)	 0.295	 80.01	 22.36	 Order

	 Coleoptera (adult) 	 0.279	 28.79	 10.07	 Order

	 Lepidoptera (larval)	 0.123	 15.87	 6.26	 Order

	 Formicidae	 0.107	 25.40	 11.34	 Family

	 Collembola	 0.072	 15.87	 5.41	 Subclass

	 Hemiptera 	 0.067	 19.70	 5.41	 Order

	 Acari	 0.067	 15.87	 4.14	 Subclass

	 Diplopoda	 0.044	 6.35	 1.59	 Class

	 Nematoda	 0.037	 7.94	 2.87	 Phylum

	 Diptera (larval) 	 0.036	 9.09	 2.44	 -

	 Orthoptera 	 0.027	 1.59	 0.32	 Order

	 Chilopoda	 0.025	 3.03	 3.07	 Class

	 Apocrita	 0.020	 4.76	 1.17	 Family

	 Plecoptera (adult)	 0.015	 1.52	 0.32	 Order

	 Araneae	 0.014	 3.17	 0.75	 Order

	 Opiliones 	 0.011	 1.59	 0.32	 Order

	 Pseudoscorpiones	 0.008	 1.59	 0.75	 Order

	 Mollusca 	 0.007	 1.52	 0.32	 Phylum

	 Coleoptera (larval) 	 0.007	 1.52	 0.32	 -

Aquatic 				  

	 Caudata (larval)	 0.125	 3.17	 0.75	 Order

	 Diptera (larval) 	 0.076	 18.18	 4.98	 -

	 Hemiptera 	 0.050	 12.12	 3.29	 -

	 Crustacea	 0.050	 7.94	 2.44	 Subphylum

	 Plecoptera (larval)	 0.044	 10.61	 2.87	 -

	 Coleoptera (larval) 	 0.040	 4.55	 2.44	 -

	 Diptera (adult)	 0.034	 6.35	 1.70	

	 Decapoda	 0.017	 1.52	 0.32	 Order

	 Ephemeroptera (larval)	 0.015	 3.03	 0.75	 -

	 Odonata (larval)	 0.014	 3.17	 0.75	 Order

	 Mollusca 	 0.014	 3.03	 0.75	 -

	 Coleoptera (adult) 	 0.008	 1.52	 0.42	 -
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Table 2. Importance values (I
x
), frequency of occurrence (FO), and relative occurrence (RO) for the family/genera level taxa from 31 prey groups 

for adult Desmognathus welteri in southeastern Kentucky. Values are listed in decreasing order of I
x
, FO, and then RO for each prey type or 

family/order. Aquatic prey are denoted with an (a).
 
Prey Type	 I

x
	 FO	 RO	 Prey Type	 I

x
	 FO	 RO

Diptera (Adult)				    Formicidae	
	 Mycetophilidae	 0.145	 28.57	 11.86	   		  Aphaenogaster sp.	 0.035	 7.94	 2.12
	 Sciaridae	 0.075	 17.46	 4.66	   		  Pheidole sp.	 0.026	 4.76	 2.97
	 Cecidomyiidae	 0.060	 12.69	 4.66	      		  Lasius sp.	 0.024	 4.76	 2.12
	 Tipulidae (a)	 0.026	 4.76	 1.27	   		  Formica sp.	 0.022	 1.59	 2.54
	 Unidentified 	 0.015	 3.18	 1.27			   Camponotus sp.	 0.019	 3.18	 0.85
	 Dolichopodidae (a)	 0.008	 1.59	 0.42	   		  Crematogaster sp.	 0.008	 1.59	 0.42
Diptera (Larval)				         		  Cryptopone gilva	 0.007	 1.59	 0.42
  	 Dolichopodidae (a)	 0.028	 6.35	 1.69	 Collembola			 
  	 Chironomidae (a)	 0.022	 4.76	 1.69	   	 Isotomidae 	 0.051	 11.11	 4.24
  	 Cecidomyiidae 	 0.022	 4.76	 1.69	   	 Symphypleona 	 0.014	 3.18	 1.85
  	 Dixidae (a)	 0.014	 3.18	 0.85		  Entomobryidae	 0.007	 1.59	 0.42  
	 Tabanidae	 0.007	 1.59	 0.42	 Acari
  	 Mycetophilidae	 0.007	 1.59	 0.42	   	 Mesostigmata
  	 Thaumaleidae (a)	 0.007	 1.59	 0.42	   		  Parasitadae	 0.034	 7.94	 2.12
  	 Ceratopogonidae (a)	 0.007	 1.59	 0.42	   	 Oribatida
Coleoptera (Adult)				      		  Nothrus sp.	 0.013	 3.18	 0.85
  	 Staphylinidae					     Unidentified 	 0.010	 3.18	 0.85
		  Sepedophilus sp.	 0.014	 3.18	 0.85	      	 Galumnoidea	 0.007	 1.56	 0.42
		  Quedius sp.	 0.016	 3.18	 0.85	 Plecoptera (Adult)
		  Unidentified	 0.010	 1.59	 0.42	      	 Perlidae (a)	 0.015	 1.59	 0.42
		  Palaminus sp.	 0.007	 1.59	 0.42	 Plecoptera (Larval)
		  Erichsonius sp.	 0.007	 1.59	 0.42	     	 Leuctridae (a)	 0.029	 6.35	 1.69
		  Hoplandria sp.	 0.007	 1.59	 0.42	     	 Unidentified (a)	 0.015	 3.18	 1.27
	 Elateridae				    Crustacea
     		  Conoderus sp.	 0.017	 3.18	 0.85		  Isopoda	
     		  Anchastus sp.	 0.008	 1.59	 0.42	   		  Ligidium eldrodii (a)	 0.050	 7.94	 3.54
     		  Unidentified 	 0.008	 1.59	 0.42	 Diplopoda
  	 Curculionidae				      	 Spirostreptida
     		  Stethobaris sp.	 0.008	 1.59	 0.42			   Cambala sp.	 0.017	 3.18	 0.85  
		  Bagous sp.	 0.007	 1.59	 0.42	   	 Chordeumatida	 0.016	 1.59	 0.42   
		  Hexarthum ulkei	 0.007	 1.59	 0.42	       	 Polydesmida
  	 Carabidae				      		  Polydesmus sp.	 0.012	 1.59	 0.42  
		  Pterostichus sp.	 0.022	 1.59	 0.42	 Orthoptera      
  	 Dryopidae				      	 Acrididae	 0.027	 1.59	 0.42
     		  Helichus sp. (a)	 0.008	 1.59	 0.42	 Chilopoda
  	 Nitulidae	 0.008	 1.59	 0.42		  Scolopendromorpha			 
  	 Cerambycidae	 0.008	 1.59	 0.42	   		  Scolopocryptops sexspinosus	 0.016	 1.59	 0.42
  	 Tenebrionidae	 0.007	 1.59	 0.42		  Geophilomorpha	 0.009	 1.59	 0.42  
	 Unidentified	 0.007	 1.59	 0.42	 Mollusca
Coleoptera (Larval)					     Hydrobiidae (a)	 0.014	 3.18	 0.85
	 Hydrophilidae(a)	 0.020	 4.76	 2.27		  Gastropoda 	 0.007	 1.59	 0.42
	 Psephenidae				    Apocrita
		  Ectopria sp. (a)	 0.020	 3.18	 2.27		  Sphecidae	 0.014	 3.18	 0.85
	 Carabidae 	 0.007	 1.59	 0.42		  Ichneumonidae	 0.007	 1.59	 0.42
Caudata (Larval)				    Decapoda
	 Plethodontidae					     Cambaridae
		  Desmognathus welteri (a)	 0.125	 3.18	 0.85			   Cambarus sp. (a)	 0.017	 1.59	 0.42
Lepidoptera (Larval)				    Odonata (Larval)
	 Geometridae	 0.089	 12.69	 4.24		  Aeshnidae	 0.014	 3.18	 0.85
	 Hesperiidae	 0.035	 3.18	 2.12	 Araneae
Hemiptera					     Araneidae	 0.014	 3.18	 0.85
	 Aphididae	 0.060	 12.69	 5.09	 Ephemeroptera (Larval)
	 Hebridae (a)	 0.036	 7.94	 2.54		  Ephemeroptera (a)	 0.008	 1.59	 0.42
	 Saldidae (a)	 0.007	 1.59	 0.42		  Ameletidae (a)	 0.007	 1.59	 0.42
	 Cicadellidae	 0.007	 1.59	 0.42
	 Veliidae (a)	 0.007	 1.59	 0.42
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adult Scarabaeidae (scarab beetles), and adult Staphylinidae 
(rove beetles) have been reported (Barbour and Lancaster 1946; 
Chaney 1958; Sites 1978). In D. welteri from our study, buprestids 
and scarabs were not found in stomach contents, whereas, 
larval hydrophilids were the most frequently detected aquatic 
coleopteran. Similarly to Sites (1978), we found staphylinids to 
be the most abundant coleopteran in the diet of D. welteri. The 
staphylinids represent the largest coleopteran family in North 
America with 4,400 species (Evans 2014). Many genera are known 
to occur preferentially along the banks of streams or among the 
nearby vegetation (Evans 2014). 

In addition to dipterans and coleopterans, we found larval 
lepidopterans, formicids, and collembolans to make up a large 
portion of the adult D. welteri diet. Brown et al. (2003) found 
Hesperiidae (skippers) lepidopteran larva in D. monticola. In our 
study, hesperiid larvae were nearly three times less important and 
two times less frequent than Geometridae (loopers, inchworms, 
and spanworms) larvae. Geometrids are reported to have the 
greatest abundance and biomass in eastern North America 
(Wagner 2005), so a microhabitat or seasonal influence may 
explain the Brown et al. (2003) observation. Barbour and Lancaster 
(1946) identified ants from the genus Formica, to comprise a large 
portion of the Kentucky diet of D. fuscus. Whereas, in Kentucky D. 
welteri, individuals from the genus Aphaenogaster were the most 
important and frequently consumed. Similarly to our D. welteri, 
Sites (1978) found aphids to be the most abundant hemipteran in 
D. fuscus. However, it is uncertain if predation occurred on land 
or if the aphids fell into the stream from vegetation above (but 
see McEntire 2016). Adult water bugs (hemipterans) were found 
in highly aquatic D. folkersti from Georgia (Camp and Tilley 
2005). In our study, terrestrial hemipterans were 1.3 times more 
important than aquatic hemipterans, though a slightly greater 
diversity of aquatic hemipteran families was found. Because of 
the highly terrestrial ecologies and importance of ants, terrestrial 
hemipterans, and larval lepidopterans, D. welteri foraging likely 
occurs primarily along the riparian and vegetated bank areas in 
Island Branch, though it is possible that these subsidies fell into 
the stream channel from vegetation above. 

In this study, we also provide the first description of larval 
D. welteri diet. Larval Desmognathus diet studies are scarce (but 
see Wilder 1913; Martof and Scott 1957; Burton 1976, Davic 1991; 
Mills 1996). Previous research on Desmognathus larvae report 
that larval dipterans, especially chironomids, were common in 
the diets across all the study areas (Martof and Scott 1957; Burton 
1976; Mills 1996). Larval Plecoptera (stoneflies) and Trichoptera 
(caddisflies) have also been found in larval Desmognathus, and 
each made up approximately one-sixth of the diets (Martof and 
Scott 1957; Mills 1996). Larval ephemeropterans comprised 
more than half of the diet in D. marmoratus (Martof and Scott 
1957), whereas, they only comprised 7% in D. welteri from our 
study. Davic (1991) reported terrestrial prey items made up 18% 
of the larval diet of D. quadramaculatus from North Carolina. 
In D. welteri from our study area, 30% of the prey importance 
and occurrence were terrestrial, suggesting the importance of 
terrestrial prey to the larvae of this species likely through the 
input of terrestrial prey falling along the shallow banks, as they 
are unlikely to leave the stream to forage. 

The diet composition of adult D. welteri in Kentucky appears 
to be somewhat similar to samples collected in West Virginia 
(Felix and Pauley 2006) from April to October 2010. However, 
statistical comparisons are difficult because West Virginia prey 
items were only identified to order/class and individual aquatic 

and terrestrial designations were not listed. The most frequently 
consumed prey in West Virginia populations were adult coleop-
terans, adult dipterans, hymenopterans (winged, i.e. bees and 
wasps), larval lepidopterans, and formicids, respectively. Felix 
and Pauley (2006) found winged hymenopterans (Apocrita) and 
adult coleopterans approximately seven and two times more fre-
quently than in our individuals, respectively. Whereas, we found 
adult dipterans nearly two times more often than findings from 
West Virginia. Furthermore caudates, Chilopoda (centipedes), 
Diplopoda (millipedes), Mollusca (snails), Opiliones (harvest-
men), Odonata (dragonflies and damselflies), pseudoscorpions, 
and nematodes were found in the stomachs of individuals from 
Kentucky, but were absent in West Virginia individuals. Larval 
dipterans and plecopterans were found nearly two times more 
frequently in salamanders from West Virginia than Kentucky (Fe-
lix and Pauley 2006). Additionally, larval Mecoptera, Neuroptera 
(net-winged insects), and trichopterans were found in salaman-
ders from West Virginia but were absent in Kentucky individuals. 
Felix and Pauley (2006) reported 4.7 prey per stomach and noted 
70% of the West Virginia D. welteri diet was assumed to have a 
terrestrial origin. In our study, salamanders had an average of 3.6 
prey per stomach, and 81% of the prey were assumed to have a 
terrestrial origin. Overall, our general foraging results are compa-
rable to those reported by Felix and Pauley (2006), though differ-
ences may be due to their extended sampling from July through 
October. It is therefore likely that adult foraging in both Kentucky 
and West Virginia occurs primarily in riparian areas or along 
stream banks. 

Terrestrial prey are known to be important for many 
Desmognathus: Felix and Pauley (2006) found 84% of the prey in 
D. monticola diet to be terrestrial, Sites (1978) reported 85% were 
terrestrial in D. fuscus, Davic (1991) reported 65% of the highly 
aquatic D. quadramaculatus diet was terrestrial, and Shipman et 
al. (1999) noted terrestrial prey to makeup the majority of the diet 
of D. brimleyorum. Previous studies have reported higher levels 
of terrestrial prey subsidies than in our study (Felix and Pauley 
2006, Sites 1978, and Shipman et al. 1999). However, errors from 
batch-grouping associated with order-level identification and a 
lack of aquatic/terrestrial designations (i.e., the high diversity of 
dipterans, coleopterans, and hemipterans) may have produced 
higher terrestrial prey counts than actually present in the 
stomach contents. However, due to the prominence of terrestrial 
prey in the diet of D. welteri and their potential role in nutrient 
transfer between the terrestrial and aquatic environment, 
riparian buffers around headwater streams that provide foraging 
habitat, with an abundant and diverse invertebrate community, 
appear necessary to sustain Desmognathus populations.
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Further Evidence for Undocumented Freshwater  
Turtles on Flores Island, Indonesia

A recent paper (Forth 2017) discusses ethnographic 
information indicating the presence of freshwater turtles in 
central and eastern parts of Flores, an eastern Indonesian 
island where freshwater chelonians have yet to be scientifically 
documented. From June to August 2017 I visited several of these 
regions again and visited new locations where I recorded further 
information which confirms earlier conclusions and provides 
additional support for the continuing occurrence of a native 
population of turtles, especially in Boru (East Flores Regency). 
Two members of the Sikkanese ethno-linguistic group, resident 
in the Sikka Regency immediately to the west of Flores Timur but 
not previously included in enquiries about freshwater chelonians, 
reported sightings of turtles at inland locations in the 1980s and 
2014, respectively. In addition, I recorded information on five 
sightings by eastern Lio people, resident immediately to the west 
of the Sikkanese, whose territory also forms part of the wider 
regency named Sikka. On this basis I conclude that freshwater 
turtles occurred on Flores Island until recent times and that there 
is a high probability a small population survives there still. 

All informants were male except for a Boru woman. As 
explained in Forth (2017), translation of color terms is necessarily 
approximate, and terms I gloss as “black” and “white” often refer 
to dark or light shades of other colors (e.g., dark gray and brown 
or light yellow and beige). Length estimates, which are also 
approximate, refer either to the carapace or the carapace plus 
extended head. Where months are mentioned they mostly fall 
within the wet season, from October–November to April–May.

Boru

Boru is an inland region located roughly equidistant from 
Flores’ north and south coasts (Fig. 1). Although most inhabitants 
have never seen a turtle, the creatures appear widely known to Boru 
people, who associate them with a series of small, interconnected 
lakes and a small river, the Wai Bilong, visited in June and again in 

August 2017. Turtles seem to have always been considered rare in 
Boru, but informants described the creatures as having been more 
common before the 1980s. Possible reasons mentioned for this 
change included: a decline in annual rainfall causing a reduction 
in damp or swampy land and a fall in water levels in the lakes and 
local streams; landslides and the blocking of springs and water 
courses following a major earthquake in December 1992; new use 
of commercial herbicides; use of poisons (made from herbicides) 
to kill fish, eels, and crustaceans; the practice of electric-shock 
fishing, starting in the 1980s; and a decline in the observance of 
traditional taboos (Forth 2017:308) on killing and eating freshwater 
turtles. Below I provide summaries of the most detailed accounts 
of Boru turtle sightings, beginning with the most recent. 

B. Noda, 57 years. Turtle last encountered and captured in 
October-November 2015 while hunting monitors from a raft on 
Se Ruha (“Deer Lake”). Length: 250 mm, the largest the informant 
had ever seen. Carapace: dark green, greenish black. Plastron: light 
with darker “lines” including a single vertical line from head to 
tail. Both carapace and plastron divided into “plates”. Head: partly 
black with yellow stripes on sides near the eyes, lower head lighter-
colored, and entire head generally resembled a snake’s. Tail: two 
finger joints long. Limbs generally “turned backwards” and each 
included five digits. Diet: stomach contents (when specimen 
butchered for consumption) comprised only “moss.”

H. Kéma, 61 years. One or two immature specimen(s) seen in a 
flooded garden near Lake Ruha in February or March 2011 or 2012. 
(Informant had previously seen turtles in Boru between 2003 and 
2006 in the wet season.) Length: somewhat larger than a hen’s egg. 
Carapace: brownish, in places dark brown or black. Head: “like a 
bird” with a “mouth, muzzle” like a snake’s.

J. Lilik (female), 43 years. Several specimens observed in 
flooded gardens near the lakes in November or December 1988 
or 1989. Lengths: from 200 to 250 mm. Carapace: dark brown 
and yellow, yellowish at edges. Plastron (seen when another 
person turned a specimen over): white with rectangular markings 
(scutes?). Head: black and brown with yellow stripes; top grayish, 
lower part white, yellowish; skin coloring generally described 
as “very attractive,” and the head as “like a cobra’s” (referring 
to the Javan spitting cobra Naja sputatrix, a snake well-known 
throughout Flores). Tail: very short.
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