
INTRODUCTION 

It is commonly observed, throughout at least the 
moist temperate zone, that there are persistent wet spots 
located in slight depressions. Some of these are in reality 
quite ephemeral, occurring only in wet seasons. Vernal 
pools are perhaps the best known of these. But there are 
many small wet spots, commonly occurring in forests, 
that are both too small and too permanent in order to 
qualify as vernal pools. A word to describe these sites is 
“seep” although it is most frequently used in American 
usage in conjunction with petroleum. 

While the seep habitat and its inhabitants have been 
occasionally noted for decades (see Hubricht and Mack-
in 1940 for an early example), the first contribution fo-
cused on this habitat was that of the Croatian biologist 
Milan Meštrov (1962). Writing in French, he defined a 
habitat he called the hypotelminorheic as 

“Il est constitué par les sols humides des montagnes, 
riches en matières organiques et traverses par des filets 
d’eau courante. “It is constituted of humid soils in the 
mountains, rich in organic matter and traversed by mov-
ing water” (authors’ translation). 

He pointed out that this habitat harbored a fauna 
dominated by species showing typical morphological 
traits associated with subterranean life, especially lack 
of pigment and eyes, and that it might be an important 
invasion route of species into other subterranean habi-
tats. The hypotelminorheic habitat has often been in-
cluded in lists of subterranean habitats (e.g., Delamare 
Deboutteville 1971, Botosaneanu 1986), but without 
comment or elaboration. It fits uneasily into any classifi-
cation scheme of subterranean habitats and seems often 
be included only for the sake of completeness, or even as 
an example of terminological excess (Chapman 1993). 

In this paper we argue that the hypotelminorheic 
habitats are in fact a type of seep—permanent wet plac-
es, that they are an important part of the freshwater land-
scape, and that they may play an important role in the 
invasion of subterranean habitats by surface-dwelling 
ancestors. We argue that the habitat is distinct in three 
important ways:
1. Hypotelminorheic habitats share unique physical 

features, especially their size and their poor drain-
age.

2. Hypotelminorheic habitats share a distinct set of 
chemical characteristics, when compared to other 
small bodies of water.

3. Hypotelminorheic habitats either harbor species 
unique to the habitat and with affinities to species in 
other subterranean habitat or share species with other 
subterranean habitats. 
We also point out its potential evolutionary impor-

tance as a pathway of invasion into other, deeper subter-
ranean habitats. 

MATERIAL AND METHODS

Study Sites

George Washington Memorial Parkway (GWMP) is 
a wooded urban park that is part of the U.S. national 
park system in the Washington, D.C. metropolitan area. 
GWMP borders the Potomac River on the southern shore 
from above the Fall Line in the Piedmont physiographic 
province to the Coastal Plain. In the Piedmont, the un-
derlying rock is igneous. Runoff from residential areas 
and busy streets enters the parks. A total of 37 putative 
hypotelminorheic sites from Difficult Run to Pimmitt 
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Run were sampled, most of them four times (summer, 
fall, winter, and spring) throughout the year.

Nanos Mountain is a large massif in the Dinaric 
Mountains of Slovenia, underlain by flysch and lime-
stone. It rises 1313 m above sea level. Largely forested, 
there are a few small villages on the slopes of Nanos. 
Numerous hiking paths criss-cross the mountain. A total 
of six seeps in two areas of Nanos were sampled, near 
the villages of Razdrto and Strane.

Medvednica Mountain is an isolated mount in north-
western Croatia with a variable geology, composed of 
flysch, limestone, and metamorphic rocks. The highest 
peak Sljeme lies 1035 m a.s.l. The sampling site is 927 
m a.s.l., underlain by green schist. It is of particular his-
torical importance because it was the first site studied 
by Meštrov (1962) and the first site to be called a hypo-
telminorheic habitat (see also Lattinger 1988).

Environmental Parameters

Sites were characterized by several physical param-
eters—(1) apparent size of the area drained by the seep, 
(2) characteristics of the underlying substrate, and (3) 
degree of decomposition of leaves (color and relative 
skeletonization). The presence of a clay layer in many 
sites was determined by a screw auger soil corer. The 
cores were visually examined. 

A hand-held manually operated peristaltic pump was 
used to collect water samples for chemical analysis in 
order to minimize contact with air. Basic chemical pa-
rameters—O2, conductivity, pH, temperature, nitrate, 
and nitrite concentrations were measured at 37 putative 
seeps in George Washington Memorial Parkway, using a 
YSI 550 MPS for all but nitrate and nitrite, which were 
measured using a Hach kit colorimetric test.. For most 
of these seeps, measurements were taken at four times—
July and August of 2003, March and April of 2004, Feb-
ruary and March of 2005, and August and September 
of 2005. Some were dry or with insufficient water for 
measurement at particular dates so 117 of 148 readings 
were taken. Measurements were taken At Nanos Moun-
tain, all but nitrite concentrations were measured at 6 pu-
tative seeps in March 2006. At Medvednica Mountain, 
all but nitrate and nitrite concentrations were measured 
at a hypotelminorheic site in March and June 2006.

Fauna Samples

Seeps have proven to be difficult to sample, and in 
particular, repeated visits to the same seep often yield 
new species and often result in the failure to recollect 
previously collected species (false negatives). In order 
to minimize the problem of false negatives, we concen-
trated sampling in spring when flows are greatest, and 
we took multiple samples. Our basic technique was hand 
sampling; we spent a minimum of 30 person minutes 

looking for animals. In Nanos and in a few GWMP sites 
we supplemented hand sampling with baiting with either 
raw shrimp or yogurt in a miniature crayfish trap, cre-
ated by modifying a 500 ml water bottle. We cut off the 
top and inverted it into the base, inserted the bait, and 
sealed the trap with duct tape. 

Data Analysis

We compared environmental parameters of sites 
with and without stygobiotic amphipods using box and 
whisker plots and t-tests. For GWMP we used discri-
minant analysis to derive an equation for predicting the 
presence of stygobiotic amphipods. JMP® 5.1 (SAS In-
stitute, 2003) was used for statistical testing. 

RESULTS

Physical Characterization

Based on our collective sampling experience we 
identified six features common to those sites with stygo-
biotic fauna. A hypotelminorheic habitat is:
1. a persistent wet spot, a kind of perched aquifer; 
2. fed by subsurface water in a slight depression in an 

area of low to moderate slope;
3. rich in organic matter;
4. underlain by a clay layer typically 5 to 50 cm be-

neath the surface; 
5. with a drainage area typically of less than 10,000 m2; 

and
6. with a characteristic dark color derived from decay-

ing leaves which are usually not skeletonized.
The slight depression (#2 above) may be caused by 

the erosional force of water leaving the seep or it may be 
that the depression predates the seep. The presence of a 
clay layer (#4 above) is a critical element of the habitat. 
Without it, the size of the wet spot would be much re-
duced. Although it is quite possible that clay layers occur 
at greater depths, it is apparently only effective, at least at 
small scales, if it is shallow (less than 50 cm in our experi-
ence). The requirement that the size of the basin is very 
small (#5 above) may not be strictly necessary. However, 
depressions become wetlands as size increases. In GWMP 
there were several wetlands of sizes of approximately 1 
hectare that, from their setting were likely to have been 
underlain by clay. We had no efficient way of sampling 
for invertebrates (our attempts at baiting were unsuccess-
ful) and so couldn’t include them. At Nanos Mountain 
and Medvednica Mountain we did not encounter this 
problem. Skeletonization of leaves (#6 above) indicated 
the presence of surface-dwelling amphipods (see below) 
and their dominance. The absence of skeletonization of 
leaves typically indicated the dominance of stygobionts. 

A sketch of a typical hypotelminorheic habitat is 
shown in Figure 1, and a photograph of a seep from 
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Medvednica, the site of Meštrov’s original work, is 
shown in Figure 2. 

The Fauna

For comparative purposes we only report on amphi-
pods, by far the dominant macro-invertebrate in all three 
study areas. The number of amphipod species in hypo-
telminorheic habitats is remarkable—4 in Nanos Moun-
tain, 4 in Medvednica Mountain, and 5 in George Wash-
ington Memorial Parkway (Table 1). At least 2 species 
in each sampling area are stygobionts. The stygobionts 
are all troglomorphic—eyeless and pigmentless. An in-
dividual hypotelminorheic habitat may harbor between 
two and three stygobiotic amphipods. 

Chemical Characteristics

The hypotelminorheic habitat has chemical differ-
ences from other subsurface habitats. Preliminary data on 
water chemistry of nine seeps on Nanos Mountain typifies 
these differences (Table 2). Seeps were divided into three 
groups based on physical and biological differences—
1. Seeps without an underlying clay layer and therefore 

not a hypotelminorheic habitat;
2. Seeps with an underlying clay layer and harboring 

a mixture of stygophilic (Gammarus and Synurella) 
and stygobiotic amphipods (Niphargus); and

3. Seeps with an underlying clay layer and harboring 
only stygobiotic amphipods

Measurements were taken March 13, 2006 when the 
air temperature was approximately 0o C. Hypotelminor-
heic sites showed higher temperatures, higher concen-
trations dissolved oxygen, lower pH, and in the case of 
the stygobiont-dominated site, higher conductivity. In 
general these differences, with the possible exception of 
oxygen, suggest that water at the hypotelminorheic sites 
had been underground longer since their values were 
closer to long-term means for the area. 

At the site on Medvednica Mountain Synurella am-
bulans Müller was a dominant amphipod in March (the 
end of winter) while in June Niphargus tauri medvedni-
cae S. Karaman outnumbered Synurella after the heavy 
rains of spring.

At GWMP sites, putative hypotelminorheic sites 
were compared to hyporheic sites in nearby streams (Ta-
ble 3). Relative to hyporheic sites, putative hypotelmi-
norheic sites had lower temperatures, higher dissolved 
oxygen concentrations, lower pH, and lower nitrate. 
Differences in nitrate suggest that putative hypotelmi-
norheic sites are less susceptible to nitrate increases as 
the result of application of nitrate fertilizer in the area. 
Conductivity showed no consistent difference between 
the two habitats. 

The putative hypotelminorheic sites were not cored 
to determine if there was a clay layer, but they were 
further divided on the basis of the presence or absence 
of stygobiotic amphipods in the genus Stygobromus. In 
this case, hypotelminorheic sites with Stygobromus had 
a lower temperature, higher conductivity, higher dis-
solved oxygen, lower pH, and lower nitrate levels. All 
of these parameters showed statistically significant dif-

Fig. 1 - Sketch map of hypotelminorheic. The exit streamlet from the seep is shown with a dotted line to indicate that it is inter-
mittent.
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ferences (p<0.05) between Stygobromus and non-Sty-
gobromus hypotelminorheic sites except conductivity 
(p~.08). These differences are in line with those found 
at the Nanos sites except that temperature is lower. 

This is not surprising since in both cases temperatures 
of “stygobiont-positive” sites was closer to the average 
annual (=subterranean) temperature than the “nega-
tive” sites. 

Fig. 2 - Hypotelminorheic habitat on Medvednica Mountain. A. Sketch of the habitat. B. Photograph of site.

A

B
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The chemical differences are distinct enough that the 
following discriminant function separated most stygobi-
ont-positive from stygobiont-negative sites: 

-10.8 + 0.182 (Temperature) – 0.001 (Conductivity) 
+ .011 (Dissolved Oxygen) + 1.17 (pH) + 0.427 (Nitrate) 
had a mean value of -1.295 for Stygobromus sites and 
+0.604 for non-Stygobromus sites. Correct group meas-
urement was predicted 100 percent of the time for Stygo-
bromus sites (i.e., they always had a negative discriminant 
score) and 87 percent of the time for non-Stygobromus 
sites (i.e., 87 percent of them had a positive discriminant 
score). Standardized coefficients (where the means and 

variance are scaled to 0 and 1, respectively) allow for a 
comparison of the relative importance of the different 
chemical parameters in separating the habitats:

0.826 (Temperature) – 0.106 (Conductivity) + .028 
(Dissolved Oxygen) + 0.601 (pH) + 0.408 (Nitrate).

Thus, temperature and pH are the two most impor-
tant parameters for the separation of the two habitats.

Although water in the hypotelminorheic seems to be 
similar to other subterranean waters in the region, it is 
not especially similar from region to region, as Table 4 
makes clear. There is no universal chemical definition 
for hypotelminorheic water.

Table 1 - Amphipod species found in the three study areas.

Family Species Ecological Classification
George Washington Memorial Parkway, USA
Crangonyctidae Stygobromus tenuis potomacus (Holsinger) stygobiont

Stygobromus pizzinnii (Shoemaker) stygobiont
Stygobromus n.sp. stygobiont
Crangonyx shoemakeri (Hubricht & Mackin) stygophile

Gammaridae Gammarus fasciatus Say surface/stygophile
Nanos Mountain, Slovenia
Niphargidae Niphargus cf. stygius stygobiont

Niphargus cf. tamaninii stygobiont
Crangonyctidae Synurella ambulans Müller stygophile
Gammaridae Gammarus sp. surface/stygophile
Medvednica Mountain, Croatia
Niphargidae Niphargus tauri medvednicae S. Karaman stygophile

Niphargus stygius licanus1 S. Karaman stygobiont
Niphargus foreli1 Humbert stygobiont

Crangonyctidae Synurella ambulans Müller stygophile
1 Niphargus stygius licanus and N. foreli were reported by Meštrov (1964) but they were not found in 2006. Based on geographic 
considerations, the identification of N. foreli is probably in error.

Table 2 - Comparison of chemical parameters for seeps without clay, hypotelminorheic sites dominated by stygobiotic Niphargus, 
and those dominated by stygophiles on Nanos Mountain, Slovenia.

Parameter Seeps without clay Hypotelminorheic not dominated  
by Niphargus

Hypotelminorheic dominated  
by Niphargus

Temperature (°C) Mean 3.2 4.7 7.50
Range 0.3-6.9 3.0-5.4

 n 4 4 1
Conductivity (μS/cm) Mean 348 314 468

Range 203-433 292-373
 n 4 4 1
D.O. (mg/L) Mean 1.9 3.9 8.2

Range 3-5.6
 n 1 3 1
pH Mean 7.50 7.4 7

Range 6.8-8.1 7.4-7.5
 n 4 4 1
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DISCUSSION

A huge debt is owed to Meštrov (1962, 1964) for 
identifying the importance of the hypotelminorheic. 
No doubt others have sampled this habitat but it was 
Meštrov who understood its importance. Indeed, the 
lack of an appropriate name makes it difficult to find 
other studies of this habitat. Most of the points discussed 
here were raised by him nearly five decades earlier. We 
can only speculate that a combination of language and 
the introduction of yet another term for a subterranean 
habitat hid its importance. 

One other term deserves mention in the context of 
the hypotelminorheic—helocrenes—a term familiar to 
most European fresh water biologists but largely un-
known in North America. According to Steinmann’s 
typology of springs (Steinmann 1915), sites which are 
characterized by diffuse seepage, forming spring-fed 
marshes are called helocrenes. There is a fundamental 
difference between helocrenes and the hypotelminor-
heic with respect to size and position. In helocrenes, 
water flows over a large amount of clay and they are 
connected to headwaters. In hypotelminorheic zones, 
waters seeps out through gravel, sand, humus, etc. in 
an area which is not necessarily connected to head-
waters. 

What we have done is to define more clearly the 
habitat both from a physical and chemical perspective. 
When so defined, it is a shallow subsurface subteran-
nean habitat with a stygobiotic fauna (Table 1) that rivals 
and even exceeds that of many caves. Even though it 
is small in spatial extent and not necessarily associated 
with habitats that are “mileux perméables en grand” in 
the classification of Botosaneanu (1986), even though he 
places it in the “mileux perméables en petit” category. 
Clearly the space between leaves is more similar to that 
of gravels in a cave stream than that of sand grains in an 
interstitial aquifer. 

The clay layer is an essential component of the hypo-
telminorheic. The clay layer serves as an aquiclude that 
allows retention of water. In periods of drought, the wa-
ter retained by the colloidal clay may also serve as a ref-
uge for the groundwater invertebrates. It is interesting to 
note that burrowing behavior in clay has been reported 
for two stygobiotic amphipods—Niphargus longicauda-
tus (Costa) (Ginet and Decu 1977, p.285) and Crango-
nyx antennatus Packard (Holsinger and Dickson 1977). 
Ginet and Decu also review the potential nutritional im-
portance of clay in subterranean habitats. 

The hypotelminorheic is also unusual among subter-
ranean habitats both in it closeness to the surface and the 
relatively high amount of organic matter present. We did 

Table 3 - Chemical parameters of hyporheic sites and hypotelminorheic sites with and without Stygobromus in George Washington 
Memorial Parkway.

Parameter  Hyporheic Hypotelminorheic sites without 
Stygobromus

Hypotelminorheic sites with Stygo-
bromus

Temperature (°C) Mean 19.93 17.19 11.77
S.E. 0.55 1.58 1.00

 n 93 66 16
Conductivity (μS/cm) Mean 309.01 281.62 479.57

S.E. 15.49 25.08 102.81
 n 68 37 14
D.O. (mg/L) Mean 5,53 5.81 7.89

S.E. 0.20 0.38 0.75
 n 93 65 16
pH Mean 7.10 6.64 6.25

S.E. 0.07 0.07 0.11
 n 93 64 16
Nitrate (ppm) Mean 1.93 1.54 0.67

S.E. 0.12 0.2 0.33
 n 56 44 9

Table 4 - Comparison of chemical parameters (means only) at three hypotelminorheic sites with stygobiotic amphipods.
Site Temperature (°C) pH Conductivity (μS/cm) Dissolved Oxygen (mg/l)
George Washington Memorial Parkway 16.1 6.56 336 6.22
Medvednica Mountain 7.3 7.14 384 9.37
Nanos Mountain 7.1 7.32 365 4.97
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not measure organic content but it is clear from observa-
tions that the habitats are have large amounts of decay-
ing leaves and the associated decay products. The high 
resource levels and the proximity to the surface make the 
hypotelminorheic potentially an important route of inva-
sion into more inhospitable habitats, as was suggested 
by Meštrov (1962). He cites an example of a hypotelmi-
norheic site near Moulis (France) that may have served 
as a dispersal corridor to nearby caves. The stygobiotic 
species we found in this study are both stygobiotic and 
troglomorphic, but their evolutionary position is unclear. 
Both Niphargus and Stygobromus are highly speciose 
genera, each with more than 200 stygobiotic species. No 
overall cladistic analysis is available for these genera 
(but see Fišer et al 2006) and we can merely point out 
that the position of hypotelminorheic species within a 
phylogeny is of considerable interest. If they are basal, 
then it is likely that the hypotelminorheic represents an 
important invasion pathway.

Finally, we note that some hypotelminorheic spe-
cies have highly restricted ranges. For example, lower 
Potomac River drainage near Washington, DC three 
hypotelminorheic species (Stygobromus hayi (Hubricht 
and Mackin), S. kenki Holsinger, and an undescribed 
species of Stygobromus) occupy fewer than 5 sites and 
have ranges with a maximum linear extent of less than 
5 km. S. hayi is on the U.S. endangered species list. The 
superficial nature of the habitat and the small ranges of 
many species makes them especially vulnerable.
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