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Distribution and Habitat Diversity of Subterranean
Amphipods in the Rocky Mountains of Colorado, U5 A,

James V. Ward"®
and John K. Holsinger®*

SUMMARY

Subterranean winphipads have been collected fram 35 locations on the eastern and western slo-
pes af the Continenal Divide m Colorade, AT helong 1o the exclusively subierranean geous Siv-
gebromus. Five species have been identificd, rwo of which are undescribed, Specimens have
heen collected fram (a) the hyporheic rone of rivers, (b interrapied sireams, o) springs, and {d)
seeps al glevations from 13972138 m as | Soprobromics occurs in several habitar types inointer-
rupred dramage basing incloding sources, seeps, and solared pools comaining Teat detritus, All
hahitaty conlained warers which were caol 1o cold with dissolved oaygen values ranging from 4.3
ppm 1o fully satorated. Mosl waters exhibited ol or mediom Bardness, although ane spring
cantaining an undescribed species of Stvpobrommuy had very hard waters (2003 ppm bound CCL)
and was mildly salioe (993 mgs | TOS) There s evidence thet the subterranean amphipods are
phresiohites which, only under special conditiens, esrablish relatively permanenr papultions in
cpigean habitats, Although (inde s kaown regarding ecelogy, rocgeography, or evern (axongmy
of the subierrgnean fauna of this region, stygobromid amphipoeds from the Cosdilleran of we-
stern Marth America are apparently represented by Pewer well defferentialed species per unil area
ihan rheir congeners from the geologically older Appalachan region ol easiern Morth America
where numeraus species are found 10 caves.

INTRODUCTION

The greai diversity of aquatic habitats in the western United States is associa-
ted with dramatic shifts in climate, geochemistry, and topography, often over
relatively short distances (Pennak, 1958). Srvgobromus, the only subterra-
nean amphipod genus ocourring in the far western United States, has been
previously reported from caves, lava tubes, wells, springs, and the profundal
zone of a Pleistocene relict lake (Holsinger, 19741, Holsinger emphasized the
highly insular distribution of subterranean species and predicted the disco-
very of a new species of Stvrobromus in the tugeed mountainous country of
this region,

Recent descriptions of three Cordilleran species (Ward, 1977) provided
the first records of subterranean amphipods in Colorado and brought to 21
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the total number of western species, Further studies in Colorado have resul-
ted in the discovery of two additional species, which will be described elsew-
here (Holsinger & Ward, in preparation), and extensions in range and habitat
type for the recently described S. Aolsingeri Ward,

It is the purpose of this paper (1) to describe the recorded distribution of
subterranean amphipods in Colorado, and {2) to describe the variety of habi-
tats, some of which are somewhat unusoal, which the various species occupy.

GEOGRAPHICAL DISTRIBUTION

Since 1974, numerous stvgobromid amphipods have been collected from
three general areas of Colorade (Fig. 1), Styeobromus coforadensis Ward
and 5. pennaki Ward, orniginally reported from the North Fork of the South
Platte River {(Ward, 1977}, have also been found to occur sympatrically in the
South Platte River proper,

Sixteen specimens of Stygpobromus (undescribed species By were collec-
ted from a saline spring at 19851 m elevation in an area of sedimentary rock
deposited by ancient Lake Uinta. This location in the Upper Colerado River
Basin is the only known accurrence of subterranean amphipods west of the
Continental Divide in Coloradao,

COLORADD

Fig. 1. Distribution of Stpgebromus in Colorada, LS. A&, Speces are indicated as {ollows: W
5. colarodensis, U 5 pearaki, ® 5 holungers, O undescribed sp. AL & undescribed
ap, B. Arabic numerals indicate the number of locatons Trom which specimens have
heen collected. Dotted line is the Continental Divide,
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Well over 600 specimens of two species of Stygobromus have been col-
lected from several habitat types at numerous locations (1597-2134 m a.s.l.)
in the area surroundimg Horsetooth Reservoir in northern Colerado (Fig, 2.
The seep on the hoghack ridge on the east side of the reservaoir is the type-
locality of 8§ hoisingeri, which has subsequently been found in relatively
inaceessible canyons on the next east-facing slope (Devil Gulch and Soldier
Canvon), and in an unnamed drainage system on the east-facing slope of

Kilgometars

o 1 &

Fig. 2. Dstribution of Sivgobromus in springs, seeps, and interrupted stream sysiems (dashed
lines) in the civinity of Horsetooth Reservair in northern Colorado. Symbols as in figu-
re |. Contour lines, fram a 1.5, Cealogical Survey map, are shown in the msel far
saﬂp feet (1768 m), 6200 feet (1A% m), 6630 femt (20012 m), and 7000 feer {2134 m) cle-
valions,
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Redstone Creek (Fig, 2 inset], Undescribed species A occurs sympatrically
with 8. holsingeri at a sile in the unnamed drainage basin, Conversely, while
aver 60 specimens of Stvgobrosius have been collected from springs at the
narth and sowth ends of Horsetooth Reservoir, all individuals have been
identified as undeseribed species A A one-vear study of the profundal ben.
thos of Horsetooth Reservoir (Edmonds & Ward, 1979) failed o vield amphi-
pods,

HABITAT RIVERSITY

Hiver fyporcheic, Initial collections of 5. coloradensis and 5. pennaki were
from the MNorth Fork just above the confluence of the South Plartte River
{Ward, 1977). Additional specimens have been taken from that lecation, and
both species have since been collected in the South Platte River above the
confluence. The two foathills locations (1835 m a.s.]. ) provide somewhar dil-
ferent envirommental conditions despite their contiguity {Ward, 1976}, North
Fork water is softer (15 vs 36 ppm bound CO.), with lower values of total
dissolved solids (67,6 vs 191.5 mg/1). The North Fork has well-developed ri-
parian vegelation with large inputs of allochthonous detritus, whereas the
South Platte River is primarily autotrophic with large standing crops of epili-
thic algae. However, thermal conditions were similar at both locations and
dissolved oxyzen values were always near saturation. Stygobromids were col-
lected immediately upstream from small islands at bath river locations, Al
though therg was rubble on the substrate surface, the amphipods occur in the
mterstices of granitic sand and gravel of the hyporheic zome (Table 1), In
April of 1977, the stveabromid densioy in the tep 30 cm ol substrate was esti-
mated to be 511 amphipods/m? at the South Plarte River location and
436/ m2 for the North Fork. Although amphipods (e.g,. Mipharees) are wide-
spread in hyporheic habitats in Curope, no other subterranean amphipods
have been reported from the hyporheic zone in North America,

Safime spring, In May 1977, 16 specimens of an undescribed species of
Stypobromus were collected from a small saline spring which emcerges from
the basze of a hill in western Colorado (Fig, 1), Water temperature at the time
of collection was 8°C; the water was very hard (203 ppm bound CO5), mildly
saline (913 mesl TDS), and athalassohaline, Subterrancan amphipods have
not been previously reported from saline springs in Morth America. The am-
phipads are apparently phreatobites since specimens were restricted to the
source and, in fact, were found only by digging deep into the source while
holding a net downsiream, Substrate consisted of flal rubble and gravel chips
compased of shale, marlstone, and sandstone.

Northern Coloracde habirats, Stygobromids have been collecied from
springhrook, seep, and interrupted siream habitats in northern Colorado
{Table 1, Fig, 2). The seep o the east of Horsetaoth Reservoir is complerely
isolated from other surface waters. It flows only periodically and then for on-
Iv a few meters. The bedrock is sandstone with some conglomerate. The am-
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Tahle L. Habital tvpe and dominain substrate far Srepobramus in Colorade (See text Tor physis
cochiemical habital characteristics),

Cramningn
Ceneral Specifw Habarn ™ Subsiraie**
qpecics hakbiral FProl Source Hyporbiew CDMROS
crderaderyi rivers —- 2 XN
fernokl rivers - — 2 XX
Raliinagers seep — | x X X
nlerrupied
sLTE@NTS 14 15 — XKXXXXKXN
undescr.apl Al springhronks - 2 — XX
inlcrrpied
slream — | — e W A
uncdeser sp B, salime spring | — XN

* Mumerals indicare number of loecsiions

= coniler necdles
¥ = deciduows leaves
M = mud and sl
R = rublle
G = gravel
5 = sand

phipods were associated with masses of pine needles and cow pats at the
source, The source temperature was 8°C; pH was 6.0L

Stvepbromids wereg collected from springhrooks at apposite ends of Haor-
setooth Reservoir (Fiz, 23, An undescribed species was raken in watceroress
fRorippe nasturiium-aguaticum) from the source of Spring Creek. Warter
temperature was 8207 phowas 7.3 The substrate consisty primarily of sand
and gravel. During a one-vear study of the springbrook north of Horsetooth
Reservorr not a single stvaobromid amphipod was collected, despite monthly
sampling of several habitats near the source. Over two vears abfier the com.
pletion of the study, 14 specimens of an undescribed species of Srveabronus
were collected. Subsequent collecting has resulted in 40 additional specimens.
All were taken under small rocks just at the source. A sampling station less
than a meter away failed 1o vield a single amphipod during the vear of siudy.
Detailed data on physicochemical conditions, macrophyvies, macroinvertebra-
tes, und epilithic algae are presented in Ward and Dufford, 1974, Source tem-
peratures varied from 8-10°C throughow the year. Annual means were as
follows: pH, 7,7; bound CO,, 29.5 ppm; TDS, 116 mgs1, The bedrock is pri-
marily sandstane with some limestone.

Subterrancan amphipods were collected from 29 localions in three intet-
rupted drainage systems west of Horsetooth Reservoir. The most intensive
work was conducted on the unnamed drainage across a small chain of moun-
tains (Fig. 2 insety where Stvgobromus was collecred from 17 locations (1817-
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2134 m a.5.1), Specimens were taken during all seasons, but were most abun-
dant in late April and early May, the time of greatest surface flow, Even then
the length of dry streambed exceeded that carrying surface water, although
this varied greatly at different locations. Schist and gneiss compose the be-
drock above about 180 m clevation; a fine-grainad red sandsione occurs in
Iower reaches.

While the following physical and chemical data apply specifically to the
urinamed drainage confluent to Redsione Creek, all interrupted streams were
generally similat, Water temperatures ranged from 3-%°C at locations from
which Stygobromus was collected during April-May. Bound €O ranged
from 16.5 ppm at upper elevations to around 40 ppm at downstream sites,
Dissolved oxyvegen varied from 4.3 to 7.4 ppm. The pH was near neutrality at
all locations. Total dissolved solids ranged from 50.4 mg/1 at an upper site to
6.4 at o downstream location. Near the mouth, the wmpetature was 9.5°C;
pH was 7.6, bound CO; was 66 ppm; TDS was 167.4 mesl. However, no
subterranean amphipods were found in the lower reaches of sandstone beel-
rock despite otherwise scemingly suitable conditions, It is thought that the fi-
ne grain of the sandstone precludes interstitial forms since Stvpobromus oc-
curs at locations which have coarse-grained sedimentary rocks or have con-
glomerates mixed with sandstone.

Stygobromuy occupied several habitat types in the interrupted drainage
basins. Some siles were similar to rheocrene sources since water emerged with
a good current and the substrate was composed of rubble and gravel. Al
other locations, the water seeped oul maoare slowly and there was a finer sub-
strate, Some of the latter formed pools which filled with conifer needles or
deciduous leaves, forming the ‘‘biotope hypotelminorhéique™ of Meitrov
{1962), Some locations were isolated leaf-filled pools scarcely 30 cm across
which, despite their apparently stagnant condition, had low but adeguate dis-
solved oxygen concentration. Subterranean amphipods were not collected
from sections in which surface flow continued more than a few meters,

CONCLUSIONS

By contrasting Colorado habitats from which Stypobromus have been collec-
ted with those from which subterranean amphipods are absent, the following
generalizations are cautiously presented. It should be emphasized that Colo-
rado has only recently been explored for subterranean amphipods, and many
geographical areas have vet to be investigated.

It is thought that the Stygobromus collected in Colorado are phreatic
foorms which are accidentals in epigean habitats. Even the hyporheic habitat is
considered to be part of the phreatic zone by some authors {e.g., Chappius,
19503, The restriction of Srveabromus to the source region of springbrooks
supports this viewpoint. Only under special conditions, such as occur in cer-
tain intereupted streams, will relatively permanent populations be established
in surface waters. If surface waters persist long enough for the establishment
of a normal aguatic fauna, Stygobromus will be excluded or resiricted to the
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immediate area of egress, [f the bedrock 1s too close to the surface, or if the
substrate is (oo fine, Stygobromus will be absent.

Certain orgnaisms commaonly gocur in samples containing Sevgobromys,
If ephemeropterans do occur, they are nearly always Baetis. The lumbricid
Eiseniell tetrgedra is a common associate, as are several tipulids and certain
chironomids. Hesperophylax and hydroptilid trichopterans are also common
associates, as are dytiscid and hydrophilid coleopterans, [F plecopterans are
present, they are usually nemouwrids, although two carnivorous stonefllies ha-
ve been collected from Stygobromus habitats, Affoperls was commoen in the
hyporheic zone of the North Fork and South Platte Rivers, but most speci-
mens were early nstars which are primarily detritivores. Mature nymphs of
fsoperia patricia occurred deep within the saline spring source, an unusual
hahitat for a2 mediuvm-sized carnivorous stonefly. Epigean amphipods are ra-
rely present in hahitals containing Siveobromes, Although Hvalells azteca
was present in the springbrook north of Hogserooth Reservoir {Ward & Duf-
ford, 1979}, not a single specimen was collecred from the sampling substation
near the source from which the undescribed Stvpobromus was collected.

Stygobromid amphipods from the Cordilleran region of western Natth
America are apparently represented by fewer well differentiated species per
unit area than their congeners from the peclogically older Appalachian re-
gion of eastern North America where numerous species are found in caves
(sce Holsinger, 1978), To date, the relatively few wet caves in Colotado have
not been examined for aguatic organisms.

In Gurope and the eastern United States, the subterranean fauna has
been relatively well studied. In the western United Stares, however, many ba-
sic questions relating to predator-prey and competitive interactions, seasonal
and diurnal migrations, roogeceraphy and phylogeny remain unanswered
and provide fertile areas for fulure rescarch.
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RESLME

Dres Anphipodes sauterraimns ont e colleciés en 25 endrons différents, repartis sur les versants
Est ¢1 Quest des Monmagnes Rocheuses. au Colorada, Tous appartiennent au genre exclusive-
menl SOWIErrain Srpvgodromys. Sur les cing cspéees caplurées, deux fore Pobjer d une descrip-
tion. Les spectmens ont des arigines variées: milicy interstitiel hyporhdigue des rivieres, résur
gences de ruissean, sources e suiniements lemperaires, sitogs a des altitodes comprises entre
1397 el 2134 mitres, O irouve les Sovpobromus dans plusicurs biotopes dafferents dans les bas-
sins & fcoulerent anlerrompu: sources, roissellements, mares solées contenant des débris de
fewilles, Dans tous les biotopes, les eaus sont fraiches ou froides o0 la tepewr eu oxyegéne varie de
4.3 popome & s smarazion wonale. La dureté est moyenne ow Faible pour la plupart des caus, mas
upe source dlexu rres dure {203 popom. de CO BEp o1 Iegérement saline (913 mas| de subsiances
dissoules] centient une espéce non décrite de Stveobromus: 1 parail evident gque les Amphoapedes
soulerrains sant des phirdarchies gqui ndlablissent des popalations relativement permanentes dans
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les Bivtopes épiges que dans des conditions pardivuliéres. Bien que Cecologie, Ta roogeagraphic o
mime la taxonamic de la Fanng sputerraing de cene region soienl encare peu conmaes, les Am-
phipedes Sivgobromes de la Cordillére gecidentale de "améngue du Nord semblen) eprésemis,
par unice de surface, par unomoing grand nombre d'espéces gue leurs congéntéres des Appala
ches, 4 'Est de "Amérigue du Merd, région géelogiquement plus anoienese, o |"on rroge de
nambreuses sspéces dans les groties
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