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Surprising cryptic cavefish diversity 
in a long-studied karst cave 
ecosystem of northern Alabama
Matthew L. Niemiller1,2, Jonathan W. Armbruster3, Michael W. Sandel4,5, Eric C. Maxwell1, 
Orran M. Bierstein6, C. Lael Anderson1, Jacob Schaefer1, Coral I. Quering1, Amata Hinkle1, 
Matt Candeias7, K. Denise Kendall Niemiller1,2 & Pamela B. Hart5

Subterranean ecosystems host highly specialized and often cryptic biodiversity, yet even 
intensively studied landscapes may conceal deeply divergent vertebrate lineages. Here we describe 
Demogorgonichthys arcanus gen. et sp. nov., a new genus and species of cave-obligate fish discovered 
in Bobcat Cave, a long-monitored karst system on Redstone Arsenal in northern Alabama, USA. 
Phylogenetic analyses based on mitochondrial nd2, complete mitochondrial genomes, and the nuclear 
gene rhodopsin place D. arcanus within Amblyopsidae but reveal deep divergence from all described 
genera, including extensive lineage-specific degeneration of a vision-related gene. Notably, D. arcanus 
occurs in syntopy with the Southern Cavefish (Typhlichthys subterraneus) despite lacking a close 
phylogenetic relationship, providing evidence for multiple independent evolutionary origins of cave 
adaptation within a single groundwater system. This discovery highlights persistent detection bias 
in groundwater ecosystems and demonstrates that cryptic vertebrate diversity can persist even in 
well-characterized environments. Extreme endemism and restriction to a single cave–aquifer system 
further underscore the vulnerability of subterranean biodiversity and the importance of integrating 
evolutionary and conservation perspectives.

Keywords  Cave adaptation, Conservation biology, Groundwater, Karst aquifer, Speciation, Subterranean 
biodiversity

Extreme environments impose strong physiological and ecological constraints that limit organismal persistence, 
yet life has repeatedly colonized habitats once thought to be inhospitable. Across the Tree of Life, organisms occur 
in environments characterized by extreme temperatures, pressures, chemical toxicity, hypoxia, and resource 
limitation, often exhibiting remarkable evolutionary innovations that permit survival under these conditions1–6. 
These systems have increasingly emerged as focal points for biological discovery, yielding disproportionate 
insights into adaptation, resilience, and cryptic biodiversity, including the continued discovery of undescribed 
taxa even in regions considered well explored7–11.

Among vertebrates, teleost fishes represent one of the most evolutionarily versatile lineages to occupy extreme 
environments. As the most diverse group of vertebrates, teleosts have colonized nearly all aquatic habitats on Earth, 
including the deep sea12,13, polar waters14,15, sulfidic springs4,16, and subterranean ecosystems17–21. Subterranean 
habitats impose particularly severe constraints, including perpetual darkness, lack of primary productivity, and 
reliance on allochthonous nutrient inputs11,17–19,22,23. Despite these challenges, cave- and groundwater-dwelling 
fishes have evolved repeatedly across teleost lineages, with representatives documented from more than ten 
orders worldwide18,20,24,25. In several regions, including eastern North America, subterranean systems have been 
colonized multiple times independently21,26–29, sometimes even within the same cave or aquifer system20,30–32.

North America harbors one of the world’s most intensively studied cavefish faunas, specifically within 
the family Amblyopsidae. This family includes surface-dwelling, facultative cave-associated, and obligate 
subterranean species distributed primarily across the Interior Low Plateau and Ozarks karst regions of the 
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eastern United States30,33,34. Amblyopsids have long served as model organisms for studies of cave adaptation, 
sensory evolution, and regressive traits17,21,22,27,29,30,35–38, and their taxonomy, phylogenetic relationships, and 
systematics are comparatively well resolved relative to many other subterranean vertebrate groups9,21,27,29,32,38–41. 
As a result, the discovery of novel amblyopsid diversity, particularly at the generic level, has been assumed to be 
increasingly unlikely in this region.

Here, we describe a new genus and species of cave-obligate amblyopsid cavefish discovered in a cave within 
the Tennessee River Valley of northern Alabama: Demogorgonichthys arcanus gen. et sp. nov., the Demon 
Cavefish. This species was first documented at Bobcat Cave (Alabama Cave Survey no. AMD1283), located 
on Redstone Arsenal near Huntsville, Madison County, Alabama, USA, during biological surveys conducted 
in February 2025. Remarkably, D. arcanus gen. et sp. nov.  occurs in syntopy with the Southern Cavefish 
(Typhlichthys subterraneus), another obligate subterranean amblyopsid, yet phylogenetic analyses demonstrate 
that the two taxa are not sister lineages. This co-occurrence represents an independent evolutionary origin of 
cave adaptation within the same subterranean system, underscoring the complexity of colonization history and 
lineage persistence in karst aquifers.

The discovery of Demogorgonichthys arcanus gen. et sp. nov. from a cave that has been visited repeatedly 
and from a landscape widely regarded as biologically well characterized highlights the persistence of hidden 
vertebrate diversity even in intensively studied regions. More broadly, this finding challenges assumptions about 
biological survey completeness in subterranean ecosystems and emphasizes the role of access-restricted lands, 
including military installations, as inadvertent refugia for undescribed biodiversity. Through morphological and 
molecular analyses, we describe the diagnostic features, phylogenetic placement, and ecological context of this 
new genus and species, and discuss its implications for cavefish evolution, biogeography, and conservation in 
eastern North America.

Results
Class Actinopterygii Klein, 1885

Superorder Paracanthopterygii Greenwood et al., 1966
Order Percopsiformes Berg, 1940
Family Amblyopsidae Bonaparte, 1846.
Demogorgonichthys Hart, Niemiller, Sandel, & Armbruster, gen. nov.
https://www.​zoobank.org/​FE7064B2-4A2​6-4160-9465​-215A2355DC1A
Figure 1 (middle of top and bottom), Fig. 2 (map and live photos), Fig. 3A–C
Diagnosis. Character differences are summarized in Supplementary Table 1. Demogorgonichthys can be 

separated from all Amblyopsidae except Speoplatyrhinus by the absence of branching in all fin rays (although 
it appears Typhlichthys may gain branches later in development); from Chologaster and Forbesichthys by the 
complete lack of eyes; from Chologaster, Forbesichthys, and Typhlichthys by a lack of melanophores (note that 
Typhlichthys will develop melanophores when exposed to light (Figs. 1 and 3); and from Typhlichthys by the 
absence of a supraopercular sensory papilla (vs. presence of papilla as long, thin, tubular structure just dorsal 
to opercle (SOS in Fig. 4); this structure may not be visible in poorly preserved specimens); presence of a single 
dorsal opercular neuromast column that is slightly anterior but almost contiguous with the medial opercular 
neuromast column (vs. antero- and posterodorsal opercular neuromast columns that are widely separated 
from the medial opercular neuromast column (Fig. 4B vs. A); a pronounced nuchal hump (vs. nuchal region 
straight to dorsal fin; Fig. 3), lower jaws approximately equal (vs. lower jaw slightly longer visible as a definite 
lip protuberance), and lower jaws running almost parallel with sides of snout and most medial portions well 
separated (vs. lower jaws angled medially such that they touch or nearly touch at approximate level of jaw angle 
and then separating slightly before end of snout; Fig. 4D vs. C).

Demogorgonichthys is most similar to Speoplatyrhinus and can be separated by rostral flaring (i.e., duckbill 
shape) less pronounced (snout nearly as flat with the distance from the tip of snout to the point of the narrowest 
point of the snout about the same length as the distance from the narrowest point of the snout to the supraoccipital 
vs. much longer); by having a convex hump immediately posterior to supraoccipital (vs. dorsal surface gradually 
increasing to dorsal fin), the lack of a posterodorsal column of neuromasts on the opercle (vs. presence), a near 
contiguous anterodorsal and medial column of neuromasts on the opercle (vs. well separated), and little overlap 
of the anterodorsal and medial columns (vs. the two columns overlapping across greater than 30% of their 
lengths). Embedded scales on Demogorgonichthys increase in size from dorsal to midline, while scales remain 
relatively the same size in Typhlichthys species and Speoplatyrhinus.

Molecular diagnosis. Mean uncorrected pairwise genetic distance between the Demogorgonichthys gen. nov. 
mitogenome and other amblyopsid genera is 11.0% relative to Typhlichthys, 10.9% to Speoplatyrhinus, 12.3% to 
Amblyopsis, 14.5% to Troglichthys, 13.4% to Forbesichthys, and 17.7% to Chologaster. All sequenced individuals 
of Demogorgonichthys gen. nov. possess unique mitochondrial nd5 and nuclear rhodopsin haplotypes among 
amblyopsids. The nd5 locus is characterized by a 3-bp deletion near the 3’ terminus. Rhodopsin is characterized 
by a 284-bp deletion that results in a frameshift and multiple premature stop codons, as well as an additional 
12-bp deletion not observed in other stygobiotic amblyopsids.

Type species. Demogorgonichthys arcanus sp. nov.
Etymology. Demogorgon is the name of an underworld phantom demon in Greek mythology, and is 

additionally, the name of the Demon Prince in the role-playing game “Dungeons and Dragons” and a monster in 
the Netflix® television series “Stranger Things,” where the creature can be found in the Upside-Down, a cave-like 
version of the real world. Ichthys is Greek for fish; gender masculine.

Distribution. This genus is known from only a single cave system on the north side of the Tennessee River 
Valley in southwestern Madison County, Alabama, within the Highland Rim section of the Interior Low Plateau 
physiographic province (Fig. 2A).
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Demogorgonichthys arcanus Hart, Niemiller, Sandel, & Armbruster, sp. nov.
https://zoob​ank.org/11F5​14EF-D422-40​FA-B0AA-3C5​D5DE087A7

Fig. 1.  Comparative images of amblyopsid cavefishes in northern Alabama. Profile views of the full body 
(TOP) and dorsal views of the head (BOTTOM) of Typhlichthys subterraneus and Demogorgonichthys arcanus 
gen. et sp. nov. from Bobcat Cave, Madison County, Alabama, and Speoplatyrhinus poulsoni from Key Cave, 
Lauderdale County, Alabama. Photographs by M.L. Niemiller.
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Type material. Holotype: UAIC 52236.01, 42.1 mm standard length (SL), Bobcat Cave, Redstone Arsenal, 
Madison County, Alabama, USA, Alabama Cave Survey (ACS) no. AMD1283, 34.6686°, -86.7130°, 10 February 
2025, E.C. Maxwell, C.L. Anderson, M. Candeias, and M.L. Niemiller.

Paratypes. AUM 89691, 1, 36.8 mm SL, same collection information as holotype; AUM 89692, 1, 27.7 mm 
SL and UAIC 52237.01, 26.9 mm SL, same locality as holotype, 10 July 2025, E.C. Maxwell and C.L. Anderson.

Diagnosis. Same as genus.
Description. Measurements in Table 1. Lacking visible eyes and pigment. Snout concave dorsally then rising 

to supraoccipital and convex to dorsal fin with marked hump; highest point approximately midway between 
supraoccipital and dorsal fin. Body concave from dorsal-fin origin to caudal fin. Ventral surface of head angled 
ventrally to the end of head. Abdomen largely flat, unless distended by food. Caudal peduncle concave, very short; 
caudal peduncle narrowest approximately halfway between dorsal and caudal fins. Snout widest approximately 
at end of maxilla and then tapering before widening to opercle. Opercle strongly convex such that the widest 
point of head well anterior to opercular opening; head and body width decreasing evenly from maximum width 
in middle of opercles to caudal fin.

Body fully scaled, but scales deeply embedded in skin making counts impractical. All fins consist only of 
unbranched rays. Dorsal fin largely rounded posteriorly with ix(3*) or x(1) rays. Pectoral fin long and pointed, 
longest ray almost reaching dorsal fin, with xiv rays. Pelvic fin absent. Anal fin rounded, beginning approximately 
opposite mid-dorsal, with ix rays. Dorsal and anal fins extending approximately equally posteriorly. Caudal fin 
rounded with vi (1) or vii (3*) upper rays and vii lower rays; caudal-fin procurrent rays extending just slightly 
anterior of caudal fin; no dorsal adipose ridge present (Typhlichthys often with dorsal surface of caudal peduncle 
raised as fleshy ridge).

Anterior nostril extended as tube, length of tube approximately three quarters width. Posterior nostril teardrop-
shaped approximately two times length of first nostril tube from first nostril. Gape extending approximately 
opposite posterior nostril. Maxilla extending about one quarter length of gape beyond gape. Jaws approximately 
equal. Mouth slightly upturned. From ventral view, mandible mostly parallel with head, coming closest to one 
another at narrowest point of snout, and then distance widening anteriorly until jaws curve medially at end of. 
Gills attached to isthmus anteriorly, not broadly connected to one another. Vent located just posterior to isthmus 
and slightly posterior to where contralateral branchiostegals meet at midline. All individuals examined with the 
vent in anterior position, approximately halfway through opercular opening in adults.

Lateralis system present as exposed neuromasts that form lines on head, body, and caudal fin (Figs. 1, 3 and 
4). Neuromasts relatively short. Lateralis system of body not readily apparent but consisting of several vertical 

Fig. 2.  Distribution map, photos in life of Demogorgonichthys arcanus gen. et sp. nov. and habitat. Distribution 
of D. arcanus gen. et sp. nov. from the type locality—Bobcat Cave—and occurrences of Typhlichthys 
subterraneus in the Huntsville metropolitan area in north-central Alabama (A). The boundary of Redstone 
Arsenal is shown in red hatching. Photos of Demogorgonichthys arcanus sp. nov. in situ on 5 February 2025 at 
Bobcat Cave (B and D). Pools in the Shrimp Room at Bobcat Cave where D. arcanus sp. nov. was discovered 
(C). Photographs by M.L. Niemiller (B and D) and A. Hinkle (C).
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Fig. 4.  Head, dorsolateral and ventral views of (A,C). Typhlichthys subterraneus, AUM 89701 and (B,D). 
Demogorgonichthys arcanus, gen. et sp. nov., paratype, AUM 89691. ADON – anterodorsal opercular 
neuromasts, DON – dorsal opercular neuromasts, LON – longitudinal opercular neuromasts, ME – 
mandible edge, MON – medial opercular neuromasts, PDON – posterodorsal opercular neuromasts, SOS – 
supraopercular sensory papilla. Scale = 2.5 mm.

 

Fig. 3.  Holotype of Demogorgonichthys arcanus gen et sp. nov., UAIC 52236.01, in dorsal (A), lateral (B), and 
ventral (C) views and Typhlichthys subterraneus, AUM 89701 in lateral view (D). Scale = 1 cm.
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columns of neuromasts; more apparent anteriorly. Neuromasts continue in two rows onto caudal fin on either 
side of midline and separated by 4(1) or 5(3*) rays. Neuromasts of head more readily apparent, with individual 
papillae length about equal to the width. Superficial neuromasts of dorsal portion of snout consisting of two short 
longitudinal rows between anterior nostrils; two transverse rows between nostrils; transverse row approximately 
dorsal from jaw angle; few transverse patches on occiput; and short longitudinal row approximately on parietal. 
Lateral surface of head with series of roughly vertical columns of neuromasts along snout angled anterodorsally; 
opercular neuromasts consist of two vertical lines (dorsal opercular neuromast column and median opercular 
neuromast column; Fig. 4B), almost contiguous, one dorsal and one ventral. Longitudinal row of superficial 
neuromasts running medially along mandible with some vertical lines running to mouth. One large vertical line 
of neuromasts running from mandible to dorsal surface of snout followed by two other vertical lines alongside 
of head and some patches of longitudinal lines in front of opercle.

Coloration in life. No melanophores present (Figs. 1 and 2B and D). Body white to light or electric blue; some 
red visible from blood under opercle and from gut. Scales with centers whiter and grayish edges between them.

Coloration in preservative. Body eggshell, skull translucent with muscles visible below skin (Fig.  3). 
Posterodorsal portion of neurocranium light tan in areas not covered by muscle. Brain and olfactory tract visible 
as white structures through cranium. Rays of fins white and membranes transparent.

Etymology. The specific epithet arcanus (Latin adjective meaning hidden, secret, or mysterious) refers to 
the long-undetected existence of this cavefish despite decades of intensive biological study at the type locality, 
as well as its occurrence within a subterranean environment largely concealed from human observation. The 
name further alludes to the species’ probable primary occupancy of the underlying karst aquifer rather than 
the accessible cave passages themselves, emphasizing its cryptic nature. The recommended common name is 
Demon Cavefish.

Distribution. Demogorgonichthys arcanus sp. nov. is currently known only from the type locality, Bobcat 
Cave, on Redstone Arsenal in southwestern Madison County, Alabama, USA (Fig. 2A). Bobcat Cave has a small 
entrance that opens within a low knoll near the western boundary of the installation. The cave is developed in 
the Tuscumbia Limestone and consists of a short entrance passage that slopes downward into a network of low 
(approximately 1–2 m high), water-filled tunnels interconnected by narrow crawlways42.

The mapped length of Bobcat Cave is approximately 454 m, with much of the cave floor covered by thick mud 
and limited exposed bedrock. The largest chamber, known as the Shrimp Room, is approximately 60 m in length 
and up to 30.5 m wide (Fig. 2C). Hydrologic conditions within the cave are highly dynamic42–45. Water levels 
may fluctuate rapidly by as much as 3.9 m in response to heavy precipitation events, during which floodwaters 
inundate all but the entrance area. During drought conditions, standing water is reduced to a series of isolated 
pools, primarily within the Shrimp Room.

Dye-tracing studies conducted in the vicinity of Bobcat Cave indicate that the recharge basin is shallow 
and localized, potentially less than 1  km2, likely restricted to areas immediately west of Indian Creek, with 
most recharge derived from shallow groundwater flowing primarily in a northward direction43–46. The rapid 
hydrologic response of the cave to precipitation events suggests strong connectivity between surface runoff 
and the subterranean system44–46. Trace metals, including cadmium, chromium, and lead, have been detected 
at elevated concentrations in water samples from Bobcat Cave over the past two decades43,44,46,47, potentially 

Measurement Holotype Mean SD Min Max

SL (mm) 42.1  33.4  7.4 26.9 42.1

Head length 34.9 35.9 0.9 34.9 37.0

Head width 15.6 15.3 0.3 14.9 15.6

Head depth 13.5 13.1 1.2 11.4 14.4

Snout breadth 13.0 13.0 1.1 11.7 14.4

Snout depth 5.7 5.6 0.1 5.4 5.7

Body width 8.6 8.7 0.2 8.5 8.8

Body depth 14.5 14.6 0.3 14.2 14.8

Predorsal length 58.3 59.9 1.2 58.3 61.2

Preanal length 58.8 58.5 1.3 56.7 59.8

Prepectoral length 37.0 36.0 1.8 33.4 37.1

Vent to anal fin 30.5 33.3 2.7 30.5 36.4

Longest dorsal ray 25.0 24.9 2.0 22.7 27.5

Pectoral fin length 19.7 19.5 1.1 17.9 20.4

Longest anal ray 26.2 25.5 2.0 23.3 27.9

Caudal length 22.5 25.9 3.9 22.5 30.2

Caudal peduncle depth 7.5 7.8 0.3 7.5 8.2

Upper jaw length 13.3 13.4 0.1 13.3 13.6

Table 1.  Morphometrics of the four specimens of Demogorgonichthys arcanus. Values except standard length 
(SL) given as %SL.
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reflecting historical groundwater contamination. The cave occurs within a former industrial area of Redstone 
Arsenal associated with the disposal of excess conventional and chemical munitions.

Several additional cave systems in the surrounding region support populations of Typhlichthys (Fig. 2A), 
yet D. arcanus has not been detected at these sites despite repeated surveys. While previous dye-tracing studies 
suggest a shallow and localized recharge basin for Bobcat Cave, genetic evidence from co-occurring subterranean 
taxa indicates the possibility of broader regional hydrologic connectivity9,48–50. Based on currently available 
information, we estimate the extent of occurrence (EOO) and area of occupancy (AOO) for D. arcanus to be 
2 km2 and 4 km2, respectively. Given that the species is presently known from a single cave system and that 
the recharge basin has not been comprehensively delineated, all geographic range metrics represent minimum 
estimates and are expected to be refined as additional hydrologic and biological surveys are conducted.

Habitat. Demogorgonichthys arcanus has been observed in quiet, silt- to mud-bottomed pools within Bobcat 
Cave (Fig. 2C). Water levels within the cave are highly dynamic and fluctuate in response to recent precipitation 
events. Individuals have been observed in water depths ranging from approximately 5 cm to 1.5 m. Water quality 
data for Bobcat Cave are derived from monthly measurements collected between October 2019 and July 202247. 
During this period, water temperature ranged from 14.0 to 16.0 °C (median 15.0 °C), dissolved oxygen from 3.3 
to 9.4 mg/L (median 5.3 mg/L), pH from 6.9 to 8.2 (median 7.4), and specific conductance from 171 to 386 µS/
cm (median 267 µS/cm).

Ecology and life history. Most aspects of the ecology and life history of Demogorgonichthys arcanus remain 
unknown. Based on count data from four surveys conducted in 2025 (Supplementary Table 2), the abundance 
of D. arcanus within Bobcat Cave appears comparable to that of the syntopic Southern Cavefish (Typhlichthys 
subterraneus), with an approximate ratio of 1:1.12. Across these surveys, we observed 8–18 individuals 
(mean = 12.3) of D. arcanus and 6–19 individuals (mean = 13.8) of T. subterraneus. Estimating long-term 
population trends is complicated by the historical conflation of the two species in previous cavefish censuses. 
However, if a similar ratio has persisted historically, up to approximately 25 individuals of D. arcanus may have 
been present during some surveys conducted since the early 1990s42–44,51,52, suggesting relative population 
stability over the past four decades.

Individuals as small as 8 mm standard length were observed in late December 2025, indicating the presence 
of multiple size classes and potentially signaling reproductive episodes in late autumn/early winter. The diet of 
D. arcanus is unknown but is likely similar to that of Typhlichthys, which feeds on live copepods, amphipods, 
isopods, cladocerans, and small crayfishes17,30. We observed a juvenile attempting to feed on stygobiotic 
copepods in a shallow, isolated pool on 30 December 2025. The cavefish attempted to snap at three copepods that 
swam within 0.5 cm or touched its head. Documented predators are unknown but may include larger stygobiotic 
crayfishes (Cambarus speleocoopi and Orconectes australis), stygophilic crayfishes (Cambarus tenebrosus), 
other cavefishes (including T. subterraneus and conspecifics), and Tennessee Cave Salamanders (Gyrinophilus 
palleucus). Community associates of D. arcanus at Bobcat Cave include Typhlichthys subterraneus (lineages E 
and F), Gyrinophilus palleucus, Palaemonias alabamae, Orconectes australis, Cambarus speleocoopi, Cambarus 
tenebrosus, Stygobromus sp., and stygobiotic cyclopoid copepods.

Conservation. Based on its extremely restricted distribution, confinement to a single subterranean system, 
and small estimated geographic range, Demogorgonichthys arcanus is considered highly vulnerable to extinction. 
Using the NatureServe conservation status framework, the species qualifies for a global rank of G1 (Critically 
Imperiled). Under the IUCN Red List framework, D. arcanus meets thresholds for Critically Endangered 
(CR) under criterion B, based on an estimated extent of occurrence (EOO) of approximately 2 km2 and area 
of occupancy (AOO) of approximately 4  km2, coupled with occurrence at a single location. The species is 
restricted to a single cave system and its associated aquifer, rendering it vulnerable to localized threats affecting 
groundwater quantity and quality. Hydrologic connectivity to surface runoff, documented fluctuations in water 
levels, and the presence of elevated trace metals in cave waters indicate potential exposure to environmental 
stressors. These assessments should be regarded as preliminary and conservative, pending further delineation of 
the recharge basin and additional surveys to better characterize the species’ distribution and population status.

Remarks. Bobcat Cave was discovered in the early 1970s and rapidly gained biological significance following 
the discovery of the largest known population of the federally endangered Alabama Cave Shrimp (Palaemonias 
alabamae) during a mapping expedition conducted by the Huntsville Grotto of the National Speleological Society 
in 197342,43. Since 1990, the cave has been the focus of long-term biological and hydrological monitoring, including 
nearly monthly water-quality measurements and shrimp population censuses conducted by the Geological 
Survey of Alabama and partners42–44,47,51–54, as well as numerous additional biological investigations9,32,48–50,55,56. 
Despite this sustained attention and long history of biological study, the cavefish described herein had not been 
previously documented.

Morphological distinctiveness
In many ways, Demogorgonichthys arcanus is intermediate in morphology between Typhlichthys and 
Speoplatyrhinus in that its snout is elongated and compressed compared to Typhlichthys but not to the same 
extent as Speoplatyrhinus. Demogorgonichthys does differ in shape in that the region between the supraoccipital 
and dorsal fin is elevated with the highest point roughly halfway (vs. slightly raised in Typhlichthys and a gradual 
slope to the dorsal fin in Speoplatyrhinus). Demogorgonichthys also has relatively smaller and less numerous 
superficial neuromasts. For example, both Typhlichthys and Speoplatyrhinus have three columns of neuromasts on 
the opercle, an antero- and posterodorsal column and medial column with the space roughly equal between the 
three columns (Fig. 4). Typhlichthys and Speoplatyrhinus also each have a largely longitudinal row of neuromasts 
that proceed from the ventral edge of the posterodorsal column with the longitudinal row at a right angle and well 
separated in Typhlichthys and at an obtuse angle and almost connected in Speoplatyrhinus Demogorgonichthys 
lacks the posterodorsal column of neuromasts, the medial row is almost contiguous with the anterodorsal 
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column, and the longitudinal row is reduced (although also angled ventrally). In addition, the anterodorsal 
column only slightly overlaps the medial column in Typhlichthys and barely overlaps in Demogorgonichthys while 
there is over 30% overlap of each column in Speoplatyrhinus. Typhlichthys has a unique, tubular sensory structure 
just dorsal to the opercular opening, Speoplatyrhinus has a small column of neuromasts in the same region, and 
Demogorgonichthys lacks any obvious structures.

Osteology. Demogorgonichthys and Speoplatyrhinus have much taller orbital processes of the anguloarticular 
and dentary than Typhlichthys with the interspace between the two narrow in Demogorgonichthys (approximately 
the width of the coronoid process of the articular; similar to that of Typhlichthys) and wide in Speoplatyrhinus 
(approximately three times wider than the width of the coronoid process of the articular and even wider than 
that of the dentary) (Fig. 5, Supplementary Fig. 1, Supplementary Video 1–3). The severe constriction of the 
snout in Speoplatyrhinus causes the mesial laminae of the anguloarticulars to overlap at the midline (vs. a gap 
between them in other amblyopsids; Supplementary Fig.  2). The quadrate condyle to the anguloarticular is 
unique in Demogorgonichthys in that there are two bumps that are visible in ventral view; these bumps appear 
to be more developed in Demogorgonichthys (although this may be an artifact of scanning) and are angled at a 
90° or less angle to one another vs. a strongly obtuse angle in Speoplatyrhinus and Typhlichthys (Supplementary 
Fig. 2, Supplementary Video 1–3).

Armbruster et al.37 describe a lengthening of the anterodorsal arm of the hyomandibula, and this portion 
contains a large, longitudinally oval opening (Fig.  5, Supplementary Fig.  3). The anterodorsal arm of the 
hyomandibula is particularly narrow in Demogorgonichthys with the width of the arm narrower than the length 
of the opening (vs. about the same width as the length of the opening in Speoplatyrhinus and wider than the 
length of the opening in Typhlichthys). The dorsal lamina above the opening is narrowest in Demogorgonichthys 
and widest in Speoplatyrhinus. In addition, when viewed anteriorly, the hyomandibula has a medial, ventrally 
oriented process and a laterally directed process (Supplementary Fig.  4). The lateral process is wider in 
Demogorgonichthys and Speoplatyrhinus with it widest in Demogorgonichthys. The lateral process is oriented 
almost completely lateral in Demogorgonichthys and Typhlichthys and ventrolaterally in Speoplatyrhinus.

Armbruster et al.37 describe the mesethmoid as being elongate in Speoplatyrhinus and Typhlichthys with 
the length greatest in Speoplatyrhinus. Although the computed tomography (CT) imagery does not allow 
for resolution of the posterior border of the mesethmoid with confidence, it appears to be as elongate as in 
Speoplatyrhinus. The mesethmoid flares anteriorly into a roughly rectangular shape, and there are a couple of 
differences here in Demogorgonichthys (Supplementary Fig. 2). In Speoplatyrhinus and Typhlichthys, there is a 
lateral concavity in the anterior portion of the mesethmoid with the anterior edge wider than the posterior; 
however, the anterior portion of the mesethmoid tapers anteriorly in Demogorgonichthys and is widest posteriorly. 
Also, in Speoplatyrhinus and Typhlichthys, the anterior portion of the neurocranium and the mesethmoid taper 
to the anterior portion of the mesethmoid while there is a constriction posterior to the anterior portion of the 
mesethmoid in Demogorgonichthys at about the posterior edge of the mesethmoid and then the mesethmoid 
begins to flare laterally before the enlarged anterior portion of the mesethmoid.

Demogorgonichthys and Speoplatyrhinus share an increased size of the fifth epibranchial, which is visible from 
the posterior in the CT scans (Supplementary Fig. 4). Epibranchial 5 is bent in the middle forming a dorsal lamina 
that is especially large in Demogorgonichthys and Speoplatyrhinus. The laterally-directed ramus of epibranchial 
5 from this dorsal lamina is greater than half the width of the medially-directed ramus in Speoplatyrhinus and 
Typhlichthys and about quarter the width in Demogorgonichthys.

Phylogenetic placement and genetic divergence
The complete mitochondrial genome of Demogorgonichthys arcanus ranged from 17,794 to 17,795 bp, which 
is intermediate between Speoplatyrhinus poulsoni (17,901 bp) and Typhlichthys from Bobcat Cave (17,681 bp). 
Gene number, order, and orientation were conserved across all taxa and matched the inferred ancestral condition 
for Percopsiformes. Demogorgonichthys is further distinguished from all other percopsiforms by a 3-bp deletion 
near the 5′ terminus of the nd5 locus.

Maximum-likelihood analyses of the complete mitochondrial genomes recovered Demogorgonichthys 
arcanus as sister to (Speoplatyrhinus poulsoni + Typhlichthys subterraneus), although support for deeper 
nodes was low (Fig. 6). Using this topology, RelTime analyses estimated the time to the most recent common 
ancestor (TMRCA) of these three lineages at 11.6 ± 1.6 Ma (95% CI: 10.0–13.2 Ma). The estimated divergence 
between Speoplatyrhinus and Typhlichthys was 10.9 ± 1.7 Ma, overlapping the TMRCA of Demogorgonichthys. 
These divergence time estimates should be interpreted with caution, as they are derived from a relatively 
small mitogenomic dataset and are sensitive to assumptions regarding among-lineage rate variation and the 
calibration point applied; broader taxon sampling and additional fossil or biogeographic calibrations will be 
necessary to refine the temporal framework for amblyopsid diversification. Both the maximum likelihood (ML) 
mitogenome and nd2 phylogenetic analyses recovered Demogorgonichthys arcanus as a strongly supported, 
monophyletic lineage distinct from Typhlichthys (including individuals co-occurring at Bobcat Cave and 
other previously defined lineages) and Speoplatyrhinus poulsoni. Demogorgonichthys was recovered as sister 
to (Typhlichthys + Speoplatyrhinus) in the mitogenome phylogeny (Fig. 6), whereas relationships among these 
lineages were poorly resolved in the nd2 topology (Supplementary Fig. 5).

Mean uncorrected pairwise genetic distances (p-distances) among mitochondrial genomes ranged from 
8.7% between D. arcanus and S. poulsoni to 9.4% between D. arcanus and Typhlichthys from Bobcat Cave. At the 
mitochondrial nd2 locus, uncorrected p-distance was 10.8% between D. arcanus and syntopic Typhlichthys, and 
10.9% between D. arcanus and S. poulsoni. In contrast, divergence at the nuclear rhodopsin locus was lower, with 
p-distances of 1.4% between D. arcanus and Typhlichthys from Bobcat Cave and 1.3% between D. arcanus and 
S. poulsoni. Individuals of Typhlichthys from Bobcat Cave grouped within two previously defined mitochondrial 
lineages, whereas all D. arcanus individuals formed a single, deeply divergent lineage across loci.
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A single 572-bp rhodopsin haplotype was observed among the seven D. arcanus individuals sequenced. The 
coding region contained two deletions: a 284-bp deletion (94 amino acids) resulting in a frameshift, and a second 
12-bp deletion (4 amino acids). The larger deletion introduces a frameshift that generates three premature stop 
codons, yielding a truncated open reading frame (Fig. 6) and providing strong evidence for pseudogenization 

Fig. 5.  Lateral views of head CT scans of (A) Typhlichthys subterraneus, UAIC 04134, (B) Demogorgonichthys 
arcanus, gen. et sp. nov., paratype, AUM 89691, and (C) Speoplatyrhinus poulsoni, UAIC 11125. ADAY - 
anterodorsal arm of hyomandibula, B - branchiostegals, LA - lacrimal, M - maxilla, ME - mesethmoid, OAA 
- orbital process of anguloarticular, OD - orbital process of dentary, OP - opercle, PM - premaxilla, POP - 
preopercle, PT - posttemporal, SC - supracleithrum, SOP - subopercle.
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of the rhodopsin locus in this lineage, consistent with relaxation of selective constraint following colonization of 
an aphotic environment.

Discussion
Discovery in plain sight: hidden vertebrate diversity in a well-studied cave
The discovery of Demogorgonichthys arcanus is notable not just because it represents a new genus and species 
of North American cavefishes, but also because it was detected in a cave system that has been repeatedly visited 
and intensively monitored for decades. Bobcat Cave has been the focus of long-term biological and hydrological 
monitoring associated with the federally endangered Alabama Cave Shrimp (Palaemonias alabamae), including 
nearly monthly water-quality measurements and shrimp censuses since 199042–44,47,51–54, as well as numerous 
targeted biological investigations9,32,48–50,55,56. In many regions, such a sustained history of study would be 
expected to greatly reduce the likelihood of discovering additional vertebrate lineages, particularly within 
a family as well-characterized as the Amblyopsidae. The presence of an undescribed cavefish lineage under 
these circumstances underscores a persistent and underappreciated source of discovery bias in subterranean 
ecosystems: even when cave systems and other subterranean sites are well studied, detection probability for 
cryptic aquatic vertebrates can remain low.

Several non-mutually exclusive factors may explain why D. arcanus remained undocumented. First, the 
hydrologic regime of Bobcat Cave is highly dynamic, with rapid and substantial water-level fluctuations in 
response to precipitation and prolonged periods of reduced standing water during drought. Such variability 
likely affects both the spatial distribution and detectability of cavefishes, particularly if individuals spend much 
of their time in the underlying aquifer and enter human-accessible cave passages only under certain hydrologic 
conditions. Second, the cave’s extensive mud substrate and episodic turbidity can limit visibility and hinder 
effective visual surveys. Third, researchers have often minimized entry into and disturbance of aquatic habitats 
in Bobcat Cave to avoid impacts on the federally endangered Alabama Cave Shrimp, which can constrain capture 
effort and reduce opportunities to closely examine fishes encountered in pools and submerged passages. Finally, D. 
arcanus occurs in syntopy with Typhlichthys subterraneus, and historical monitoring efforts have treated cavefish 
observations as a single taxonomic unit. This is a common challenge in subterranean biodiversity surveys, where 
morphologically similar or behaviorally cryptic taxa may be conflated unless detailed morphological or genetic 
examination is undertaken7,57. Four previous collections (7 specimens in total) have been made of amblyopsids 
at Bobcat Cave: UAIC 45381.01 (1 specimen), UAIC 45378.01 (1), UAIC 49098.01 (3), and UAIC 14577.01 (2); 
all of which are Typhlichthys. Together, these considerations suggest that additional undescribed diversity may 
persist even in more intensely sampled karst regions, particularly in groundwater habitats with strong surface 
connectivity and challenging survey conditions.

Fig. 6.  Maximum-likelihood chronogram inferred from amblyopsid mitogenomes, including the new species 
(highlighted in red) under the General Time Reversible substitution model using IQ-TREE as implemented 
in the CIPRES Science Gateway. Divergence times were estimated using the RelTime method in MEGA. The 
log-likelihood of the inferred ML tree was − 111,253.57. Bootstrap node support shown above and to the left of 
nodes. Outgroup taxa are not shown. Alignment of the vision gene rhodopsin is shown to the right highlighting 
the positions of putative loss-of-function mutations including deletions, insertions, and premature stop 
codons.
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Multiple independent evolutionary origins of cave adaptation within a single karst cave 
system
A striking result of this study is the co-occurrence of Demogorgonichthys arcanus with Typhlichthys subterraneus 
at Bobcat Cave despite the absence of a sister-group relationship between these taxa. Although syntopy of 
stygobiotic fishes has been documented elsewhere20,30–32, such cases remain uncommon within North American 
amblyopsids and carry important implications for understanding the evolutionary assembly of subterranean 
communities. The presence of two deeply divergent amblyopsid lineages within a single cave system indicates 
that Bobcat Cave, or its associated aquifer network, has been colonized independently by at least two cave-
adapted lineages that have persisted together over ecological timescales.

Comparable instances of amblyopsid syntopy are known from Key Cave in Lauderdale County, Alabama, where 
Speoplatyrhinus poulsoni and T. subterraneus occur within the same cave system20,58, and from the Mammoth 
Cave system, where Amblyopsis spelaea and Typhlichthys co-occur17,20,30,33. However, in the Mammoth Cave 
system, the two species rarely occupy the same aquatic microhabitats. In contrast, D. arcanus and T. subterraneus 
occur in close syntopy within Bobcat Cave, demonstrating that independently derived cavefish lineages can not 
only colonize the same subterranean system but also overlap spatially at fine ecological scales.

At present, limited resolution among major amblyopsid lineages in the mitochondrial topology constrains 
stronger inference about deeper relationships among Demogorgonichthys, Typhlichthys, and Speoplatyrhinus. 
Nonetheless, the strong monophyly and deep genetic divergence of Demogorgonichthys support its recognition 
as a distinct evolutionary lineage. The unresolved placement of Demogorgonichthys relative to Typhlichthys 
and Speoplatyrhinus in the nd2 topology reflects well-recognized limitations of single-locus mitochondrial 
phylogenetics, which can be subject to stochastic lineage sorting, among-lineage rate heterogeneity, and 
insufficient phylogenetic signal at deeper divergence depths. The polytomous placement of D. arcanus in the nd2 
topology thus reflects genuine uncertainty in the divergence order of these lineages rather than evidence against 
its distinctiveness.

We acknowledge that the current phylogenetic framework relies primarily on mitochondrial markers, and 
that the rapid divergence of these lineages in the late Miocene means incomplete lineage sorting cannot be 
excluded as a contributor to topological uncertainty. Although rhodopsin was analyzed as a nuclear marker, its 
utility for resolving deeper relationships is limited by the extensive structural degeneration documented in D. 
arcanus. As such, rhodopsin is best interpreted here as evidence for unique visual system degeneration rather than 
as a primary phylogenetic marker. Phylogenomic analyses incorporating multiple conserved nuclear loci will be 
essential for definitively resolving the placement of Demogorgonichthys within Amblyopsidae, testing whether the 
mitogenomic topology reflects the true species tree, and differentiating between alternative historical scenarios, 
including whether Demogorgonichthys represents an ancient relict lineage within the Interior Low Plateau karst 
region or an early divergence associated with regional karst evolution in the Tennessee River Valley. Whole-
genome sequencing data are currently being generated for Demogorgonichthys arcanus and other amblyopsid 
taxa as part of an ongoing study, and these data will provide the phylogenomic resolution needed to fully address 
remaining uncertainty in deeper amblyopsid relationships. A formal description of this lineage now provides a 
stable taxonomic foundation for that forthcoming work.

Evolutionary distinctiveness and convergent cave adaptation
The morphology of Demogorgonichthys arcanus exhibits classic hallmarks of obligate subterranean life, including 
complete loss of externally visible eyes, depigmentation, and elaboration of mechanosensory systems, all 
traits that have evolved repeatedly and convergently in cavefishes worldwide17–20,59–61. Despite these shared 
troglomorphic features, Demogorgonichthys is readily distinguished from Typhlichthys and Speoplatyrhinus by a 
suite of cranial, jaw, neuromast, and fin characters. This mosaic of convergence and lineage-specific divergence 
underscores that cave adaptation in amblyopsids is not expressed as a single morphological endpoint, but rather 
reflects multiple evolutionary solutions shaped by ancestry and ecological context.

The temporal framework inferred from mitogenomic data suggests that Demogorgonichthys, Speoplatyrhinus, 
and Typhlichthys diverged during a relatively narrow interval in the Miocene, consistent with a rapid 
diversification of amblyopsid cavefishes rather than a protracted, stepwise accumulation of lineages. Comparable 
Miocene diversification time frames, including the split between Speoplatyrhinus and Typhlichthys, have been 
inferred in other amblyopsid studies21,27,29,40, and independent subterranean colonization events have been 
documented in other cave and groundwater vertebrates, including Texas Eurycea groundwater salamanders62,63 
and the Eurycea spelaea grotto salamander complex of the Ozark Highlands64. Together, these patterns point 
to a shared evolutionary history shaped by regional geological and climatic change. The middle–late Miocene 
transition was characterized by increasing climatic seasonality and landscape restructuring65,66, processes that 
likely destabilized surface habitats while favoring the persistence of groundwater refugia. Under this scenario, 
repeated invasions of subterranean environments by surface ancestors may have been facilitated by expanding 
karst connectivity and ecological release within caves and aquifers.

The nuclear vision-related gene rhodopsin provides an independent molecular perspective on this 
evolutionary history. Although D. arcanus lacks externally visible eyes, its rhodopsin coding region is still present 
but exhibits extensive structural disruption, including a large deletion that causes a frameshift and multiple 
premature stop codons, as well as an additional deletion not observed in other amblyopsid cavefishes examined 
to date (Fig. 6). Degeneration of vision-related genes has been documented repeatedly in cave-adapted fishes 
and is widely interpreted as a consequence of relaxed selective constraint following colonization of aphotic 
environments21,27,29,40,67–71.

Importantly, the specific mutational pattern observed in D. arcanus differs from that reported in co-occurring 
Typhlichthys and other amblyopsid genera, suggesting that rhodopsin degeneration in Demogorgonichthys did not 
arise from a shared ancestral pseudogenization event. Instead, these molecular patterns are consistent with an 
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independent evolutionary trajectory following subterranean colonization. When viewed alongside pronounced 
morphological differentiation and deep mitochondrial divergence, the rhodopsin results reinforce the inference 
that multiple amblyopsid lineages have independently adapted to life underground within the same karst system.

Together, these findings demonstrate how subterranean environments can act simultaneously as arenas for 
strong phenotypic convergence and as long-term evolutionary filters that preserve deep genetic independence 
among co-occurring lineages. This dual role helps explain the surprising persistence of cryptic diversity in karst 
aquifers and highlights the complexity of evolutionary processes shaping groundwater communities.

Conservation implications: extreme endemism in a dynamic and vulnerable groundwater 
system
From a conservation perspective, D. arcanus exemplifies the vulnerability of narrowly endemic groundwater 
vertebrates occupying small, hydrologically dynamic karst systems. The species is currently known from a single 
cave and its associated aquifer and is inferred to occupy a highly restricted geographic range. These conditions 
support a NatureServe global rank of G1 (Critically Imperiled) and meet IUCN thresholds for Critically 
Endangered under criterion B, based on a very small extent of occurrence and area of occupancy coupled with 
occurrence at a single site. As with many described stygobiotic taxa72–74, these designations reflect both genuine 
biological risk and substantial uncertainty regarding the full spatial extent of occupied habitat.

Although Bobcat Cave lies within a restricted-access military installation that likely limits direct 
anthropogenic disturbance within the cave itself, the primary threats to D. arcanus operate at the scale of 
groundwater processes extending beyond the human-accessible cave passages. Hydrologic studies demonstrate 
strong and rapid connectivity between surface runoff and the cave’s groundwater, resulting in pronounced water-
level fluctuations following precipitation events44–46. Such connectivity increases susceptibility to surface-derived 
stressors, including contamination, sediment inputs, and altered hydrologic regimes within the recharge basin. 
The repeated detection of elevated concentrations of trace metals, including cadmium, chromium, and lead, 
over multiple decades suggests potential legacy contamination associated with historical industrial activities on 
Redstone Arsenal43,44,46,47. While the biological effects of these contaminants on D. arcanus remain unknown, 
chronic exposure may pose sublethal or long-term risks typical of groundwater-dependent fauna.

In addition to chronic groundwater stressors, stochastic events such as extreme flooding or prolonged drought 
may further constrain habitat availability and impose demographic bottlenecks in species with small population 
sizes and limited distributions75,76. These risks highlight a common paradox in subterranean conservation: 
occurrence on protected or access-restricted lands can reduce some immediate threats, such as disturbance 
from recreational caving, yet does not eliminate vulnerability arising from processes operating at the aquifer 
scale. Continued water-quality monitoring and biological surveys at Bobcat Cave, combined with protection of 
surface recharge areas and maintenance of existing access controls, are therefore likely to be critical for the long-
term persistence of D. arcanus. Further hydrologic delineation and targeted biological surveys will be necessary 
to refine conservation priorities and management strategies.

Future directions
Several lines of investigation would substantially refine understanding of the evolution and conservation status 
of Demogorgonichthys arcanus. First, fine-scale delineation of the recharge basin and hydrologic connectivity 
of Bobcat Cave is needed to define the likely spatial extent of the population and to identify priority areas for 
groundwater protection. Second, targeted surveys of nearby cave and groundwater habitat, particularly using 
eDNA approaches, may reveal additional occurrences or confirm strict endemism. Third, phylogenomic analyses 
with broader sampling across amblyopsid lineages may resolve deeper relationships and enable divergence-time 
estimation, thereby placing Demogorgonichthys within the temporal framework of karst landscape evolution in 
the Interior Low Plateau karst region. Finally, monitoring programs at Bobcat Cave should explicitly distinguish 
Demogorgonichthys from Typhlichthys to generate species-specific abundance datasets and better evaluate 
population trends through time.

Conclusions
The discovery of Demogorgonichthys arcanus demonstrates that substantial vertebrate diversity can remain 
undocumented even within intensively studied karst systems and long-monitored landscapes. The occurrence 
of this lineage in syntopy with Typhlichthys subterraneus, despite deep mitochondrial divergence and lineage-
specific degeneration of the vision gene rhodopsin, provides strong evidence that subterranean fish communities 
can assemble through multiple independent colonization events within a single groundwater system. Together, 
these findings reveal how caves and aquifers promote extreme phenotypic convergence while preserving 
deep evolutionary independence among co-occurring lineages. From a conservation perspective, D. arcanus 
exemplifies the vulnerability of narrowly endemic groundwater vertebrates and reinforces the importance of 
protecting karst aquifers and recharge areas, even where long-term monitoring and restricted access are already 
in place.

Methods
Survey approach and specimen collection
We conducted comprehensive biological inventories of terrestrial and aquatic fauna at Bobcat Cave on nine 
occasions between 2019 and 2025: 26 November 2019, 6 October 2020, 13 September 2023, 22 February 2024, 
5 February 2025, 10 February 2025, 18 April 2025, 10 July 2025, and 30 December 2025. These visits were 
conducted in conjunction with other ongoing research and monitoring efforts on Redstone Arsenal.
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Surveys consisted of time-constrained visual encounter surveys (VESs) of all human-accessible passages 
within the cave, using headlamps and handheld dive lights to illuminate aquatic habitats. Survey effort focused 
on visually scanning pools, submerged passage margins, and structural features while minimizing physical 
disturbance. During surveys conducted in 2025, cavefishes were captured using handheld dip nets. Captured 
individuals were transported alive to the surface in water-filled 500-mL Nalgene bottles for processing. Following 
examination and tissue sampling (see below), specimens were either preserved or released as appropriate under 
permit conditions.

Morphological analyses
Collection codes are AUM for the Auburn University Museum of Natural History and UAIC for the University 
of Alabama Ichthyological Collection. Morphometric measurements followed Cooper and Kuehne77 and 
Chakrabarty et al.78. Measurements were taken to the nearest 0.1 mm using digital calipers and include: standard 
length (SL; tip of snout to posterior margin of hypurals), head length (tip of snout to posterior edge of opercle), 
head width (measured across posterior margins of opercles), snout breadth (head width at its narrowest point), 
snout depth (vertical depth at the narrowest constriction of the snout), body width (width at dorsal-fin origin), 
body depth (depth at dorsal-fin origin), predorsal length (snout tip to dorsal-fin origin), preanal length (snout 
tip to anal-fin origin), prepectoral length (snout tip to insertion of the ventral pectoral-fin ray), vent-to-anal-fin 
distance (distance from center of vent to anal-fin origin), longest dorsal-fin ray (distance from dorsal-fin origin 
to maximum fin extent), pectoral-fin length (base of pectoral fin to maximum extent), longest anal-fin ray (anal-
fin origin to maximum extent), caudal length (base of caudal fin at midline to maximum extent of fin), caudal 
peduncle depth (measured at the narrowest point), and upper jaw length (tip of snout to posterior angle of the 
jaw).

Fin-ray counts are reported using lowercase Roman numerals to indicate that all rays are unbranched. For 
meristic characters exhibiting variation, ranges are provided along with the number of individuals exhibiting each 
count; an asterisk denotes the count observed in the holotype. Scale counts were not attempted, as amblyopsid 
scales are deeply embedded, irregularly arranged, and do not form consistent rows, rendering counts unreliable.

Computed tomography of Demogorgonichthys was made at the Auburn University Center for Polymer and 
Advanced Composites with a Zeiss Xradia 520 Versa micro-CT scanner. Bones were segmented with 3D Slicer79.

Molecular analyses
DNA extraction, amplification, and sequencing. Genomic DNA was extracted from fin clips obtained from 
vouchered specimens and individuals released following processing using the Qiagen DNeasy® Blood and Tissue 
Kit (Qiagen, Germantown, Maryland, USA) according to the manufacturer’s protocols. We amplified a 1,041-bp 
fragment of the mitochondrial NADH dehydrogenase subunit 2 (nd2) locus using primers and PCR conditions 
described by Kocher et al.80 and employed in previous phylogenetic studies of amblyopsid fishes9,27,40,41,81. In 
addition, we amplified a 874-bp fragment of the nuclear vision-related gene rhodopsin, which consists of a single 
exon in teleost fishes82, using primers rho-1 (5′-​G​T​C​C​A​T​A​T​G​A​A​T​A​C​C​C​T​C​A​G​T​A​C​T​A​C​C-3′) and rho-2 (5′-​T​
C​T​T​T​C​C​G​C​A​G​C​A​C​A​A​C​G​T​G​G-3′) following protocols in Niemiller et al.27,40. PCR products were purified 
using ExoSAP-IT (Thermo Fisher Scientific, Waltham, Massachusetts, USA) and sequenced in both forward and 
reverse directions at Eurofins Genomics (Louisville, Kentucky, USA). Raw reads were trimmed, ambiguous base 
calls verified by inspection of electropherograms, and contigs assembled in Geneious Prime v2026.0.1 (https://
www.geneious.com). The mitochondrial nd2 locus provides high phylogenetic resolution at shallow to moderate 
divergence depths in amblyopsids, whereas rhodopsin offers an independent, biparentally inherited nuclear 
marker that has been widely used to investigate cavefish evolution and visual system degeneration27,40,68.

For a subset of representatives and selected outgroups, complete mitochondrial genome sequences 
were generated using two complementary approaches: (i) long-range PCR followed by Oxford Nanopore 
sequencing of whole-mitochondrial amplicons, and (ii) reference-guided assembly from subsampled Illumina 
whole-genome shotgun reads obtained from the NCBI Sequence Read Archive (SRA). Long-range PCR 
amplification and Nanopore sequencing followed methods described by Alley et al.83. Amplicons were prepared 
using manufacturer-recommended library preparation protocols and sequenced on Nanopore flow cells at 
Plasmidsaurus (Louisville, Kentucky, USA). Raw Nanopore reads were basecalled, quality filtered, and assembled 
into circular mitochondrial genomes using de novo assembly tools in Geneious Prime. Sequence metadata and 
assembly statistics for each sample are presented in Supplementary Data 1.

For Illumina-based assemblies, paired-end reads were downloaded from the SRA, randomly subsampled 
to enrich mitochondrial coverage while reducing nuclear background, and assembled using reference-guided 
mapping to complete mitochondrial genomes of closely related percopsiform taxa. Iterative read mapping with 
medium–high sensitivity parameters was used to improve assembly completeness and consensus accuracy. 
Assembly circularity was confirmed by overlap of terminal regions. All mitochondrial genome assemblies 
were validated by confirming gene order, absence of frameshifts or premature stop codons in protein-coding 
genes, and consistency with known vertebrate mitochondrial genome structure. To minimize incorporation 
of nuclear mitochondrial pseudogenes (NUMTs), assemblies were screened for anomalous coverage patterns, 
internal stop codons, and frameshifts. Accession numbers for all previously published sequences are provided 
in Supplementary Data 1.

Phylogenetic analyses. Previously published sequences representing other amblyopsid taxa, along with 
outgroup sequences of Aphredoderus sayanus and A. gibbosus, were downloaded from NCBI GenBank 
(Supplementary Data 1). Newly generated sequences were aligned with existing data using MUSCLE84 as 
implemented in MEGA v1285. All novel sequences generated in this study have been deposited in GenBank 
(Supplementary Data 1).
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Uncorrected pairwise sequence divergences (p-distances) were calculated for each locus in MEGA. Optimal 
models of nucleotide substitution were selected using jModelTest286 under the corrected Akaike Information 
Criterion (AICc), with separate partitions specified for first, second, and third codon positions for nd2. 
Maximum-likelihood (ML) gene genealogies were reconstructed for each locus using PhyML v3.387, and nodal 
support was assessed using 1,000 nonparametric bootstrap replicates. The mitogenome phylogeny was inferred 
under the General Time Reversible substitution model using IQ-TREE as implemented in the CIPRES Science 
Gateway. Divergence times were estimated using the RelTime method88 in MEGA, yielding an ultrametric 
timetree calibrated at the node representing the divergence of Percopsis from the rest of Percopsiformes. This 
split corresponds to the deepest internal split within the order 60 ± 3 Ma (95% CI = 54.12–64.88 Ma)27,40.

Conservation assessment
We conducted conservation status assessments for the newly described cavefish species using both the 
NatureServe and IUCN Red List frameworks. Both systems assign taxa to one of seven categories along a 
continuum of increasing extinction risk, based on standardized criteria incorporating geographic range size, 
population status, threats, and trends. NatureServe conservation status was evaluated using the NatureServe 
Rank Calculator v3.18689, following the methodology and criteria outlined in Master et al.90. This assessment 
integrates measures of rarity, population size, geographic restriction, environmental specificity, and vulnerability 
to threats to derive a global conservation rank. The IUCN Red List category was determined using RAMAS 
Red List v3.091 in accordance with the most recent IUCN Red List Categories and Criteria92. Assessments 
focused primarily on geographic range metrics and inferred threats, given the limited information available for 
population size and trends typical of newly described subterranean taxa. Geographic range size was quantified 
using the web-based program GeoCAT93. Extent of occurrence (EOO) was calculated as a minimum convex 
polygon encompassing all known localities, and area of occupancy (AOO) was estimated using a 2 × 2 km grid 
(4 km2) following IUCN-recommended standards89,92. Potential threats were identified and categorized using 
the standardized threat classification scheme of Salafsky et al.94. These threat assessments were used to inform 
both the NatureServe and IUCN evaluations.

Permits, animal care, and ethical compliance
All fieldwork and specimen collection were conducted in accordance with applicable federal, state, and 
institutional regulations. Access to Bobcat Cave and all biological surveys on Redstone Arsenal were authorized 
by the U.S. Army Garrison–Redstone Arsenal. Collection, handling, and tissue sampling of fishes were 
conducted under scientific collection permits issued by the Alabama Department of Conservation and Natural 
Resources (permit nos. 2025112916068680 and 2025112916268680). Animal handling protocols followed 
established ethical guidelines for the use of fishes in research and were approved by the Institutional Animal 
Care and Use Committee (IACUC) at The University of Alabama in Huntsville (protocol no. 2023.R03.Niemiller.
Subterranean).

Efforts were made to minimize stress, injury, and mortality during capture and processing. Individuals 
captured for morphological and genetic analyses were handled briefly, maintained in clean, aerated cave water 
during processing, and either preserved as voucher specimens or released at the site of capture following tissue 
sampling, as permitted. The number of individuals collected was minimized and limited to that necessary to 
document diagnostic morphological characters and obtain genetic material for phylogenetic analyses. Surveys 
and collections were conducted in a manner designed to minimize disturbance to cave habitats and associated 
fauna, including avoidance of unnecessary traversal through aquatic habitats and strict adherence to biosecurity 
protocols to reduce the risk of pathogen introduction or transfer among cave systems.

Data availability
All data generated or analysed in this study are included in this published article and/or its supplementary ma-
terials. All sequences used in the phylogenetic analyses are available in GenBank, with accession numbers listed 
in Supplementary Data 1. CT Scans are available through MorphoSource (Media 000828138, 000828143, and 
000830304).
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