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Diacyclops nearcticus is redescribed from the type specimen, collected in Massachusetts, U.S.A. Four similar new con- 
geners, some previously mistaken for D. nearcticus, are described from the U.S.A. and Canada. Diacyclops harryi n.sp. 
occurred in seeps, wells, an acid bog, a pitcher plant, and stream hyporheic zones in the District of Columbia, Maryland, 
New York, North Carolina, Pennsylvania, and Virginia. Diacyclops chrisae n.sp. was collected from the groundwater of 
Wye Island, Maryland, with a probable record from the hyporheic zone of a stream in Ontario. Diacyclops sororum n.sp. 
occurred in drift in streams in Virginia and Texas. Diacyclops alabamensis n.sp. was collected from a well in Alabama. 
A previous record of D. nearcticus from Missouri could not be confirmed. Some morphological details of the probable type 
specimens of D. crassicaudis var. brachycercus and of a specimen of D. crassicaudis s . str. from Saskatchewan are presented. 
North American records of D. crassicaudis s . str. and D. crassicaudis var. brachycercus are reviewed. 

REID, J. W. 1992. Redescription of Diacyclops nearcticus (Kiefer, 1934) and description of four similar new congeners from 
North America, with comments on D. crassicaudis (G. 0 .  Sars, 1863) and D. crassicaudis var. brachycercus (Kiefer, 
1927) (Crustacea: Copepoda). Can. J. Zool. 70 : 1445 - 1469. 

On trouvera ici une nouvelle description de Diacyclops nearcticus basee sur un nouvel examen du specimen type recueilli 
au Massachusetts, Etats-Unis. Quatre nouvelles espkces americaines et canadiennes semblables, certaines prealablement 
incluses dans D. nearcticus, sont Cgalement dicrites. Diacyclops harryi n.sp. a Cte trouve dans des eaux d'infiltration, des 
puits, une tourbikre acide, une sarracenie et dans les zones hyporheiques de ruisseaux, dans le District de Colombia, le 
Maryland, le New York, la Caroline du Nord, la Pennsylvanie et la Virginie. Diacyclops chrisae n.sp. a etC recueilli dans 
une nappe d'eau souterraine dans l'ile de Wye, Maryland, et des autres specimens trouvks dans la zone hyporhkique d'un 
ruisseau d'ontario appartient probablement aussi ?i cette espkce. Diacyclops sororum n.sp. a ete recueilli dans la derive, dans 
des ruisseaux de la Virginie et du Texas. Diacyclops alabamensis n.sp. a CtC trouve dans un puits d'Alabama. Une mention 
de D. nearcticus au Missouri n'a pu Ctre verifike. Certains details morphologiques des specimens types probables de 
D. crassicaudis var. brachycercus et d'un specimen de D. crassicaudis s.str. de Saskatchewan sont presentes. Les Cchan- 
tillons nord-americains de D. crassicaudis s.str. et de D. crassicaudis var. brachycercus ont fait l'objet d'une revision. 

[Traduit par la redaction] 

Introduction 
In samples of copepods from Goose Creek, Virginia, col- 

lected by Dr. Margaret A. Palmer, there were three previously 
undescribed species. Two of these, Diacyclops albus and 
Parastenocaris palmerae, were described elsewhere (Reid 
1992). A more complex problem of identification was presented 
by the third, a species of Diacyclops that greatly resembled 
existing descriptions of the North American congener Diacy- 
clops nearcticus (Kiefer, 1934), but was clearly not the species 
historically taken to be D. nearcticus. The original description 
of D. nearcticus was based on a single female specimen col- 
lected in Massachusetts and held in the Friedrich Kiefer Cope- 
pod Collection in Germany (Franke 1989; Kiefer 1934). 
Kiefer's description, although adequate at the time for pur- 
poses of discrimination, was brief and incomplete. A detailed 
redescription by Yeatman (1943, 1944) was based on speci- 
mens from North Carolina and understandably did not include 
a comparison with the type specimen. The only other pub- 
lished figures of D. nearcticus, by Strayer (1989b) for mate- 
rial from New York, represented a species very similar to that 
described by Yeatman (1943). Since both Yeatman's material 
from North Carolina and the species from Virginia, although 
clearly representing different taxa, were congrueat with most 

points of Kiefer's description, the identity of the true D. 
nearcticus came into question. 

The type specimen of D. nearcticus was obtained from the 
Kiefer Copepod Collection, now held at the Staatliches Museum 
f i r  Naturkunde Karlsruhe, Germany. Fortunately the two slides 
on which the partly dissected type specimen is mounted are 
still mostly legible, although the medium (probably glycerin 
jelly) is cracked in numerous places. Three other slides listed 
in the Catalog of the Kiefer Collection (Franke 1989) as 
D. nearcticus contain females of D. crassicaudis var. brachy- 
cereus (Kiefer, 1927a), and are discussed herein also. The 
single type female of D. nearcticus therefore represents the 
only existing material of this taxon in the Kiefer Collection. 
Dr. Harry C. Yeatman provided a series of slides of cyclo- 
poids identified as D. nearcticus from various localities, 
including two slides of the North Carolina specimens that he 
described in 1943. Other material identified as D. nearcticus 
was made available by Drs. Margaret Palmer, David Strayer, 
and D. Dudley Williams and Ms. Christine Hakenkamp. 
Additional specimens in the collections of the National Museum 
of Natural History, Smithsonian Institution (USNM), were 
also examined. 

Upon comparison of the type specimen of D. nearcticus 
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with this material it was evident that the North Carolina speci- 
mens described by Yeatman (1943, 1944) did not represent the 
same taxon as Kiefer's species. Material in several other col- 
lections, especially from groundwater-related habitats, was 
found to be Yeatman's species. However, the specimens from 
Goose Creek are a third, distinct species. A specimen from the 
Neches River, Texas, attributable to this third species was 
included in the Yeatman slides. Material from Wye Island, 
Maryland, represents a fourth species, morphologically very 
similar to Yeatman's species. Specimens from Ontario could 
be assigned provisionally to this fourth species. A fifth spe- 
cies, collected from a well in Alabama, was also included in 
Yeatman's collection. This article redescribes D. nearcticus 
and describes the four similar species, summarizing available 
distribution and habitat data. 

Historically there has been some question of the validity of 
several of the named species and subspecies of the Diacyclops 
crassicaudis complex. I provide notes on some morphological 
details of the specimens of D. crassicaudis var. brachycercus 
from the Kiefer Collection, and on a specimen from Saskatche- 
wan referable to D. crassicaudis s.str. These are compared 
with some other North American populations and to European 
representations of the nominate species. North American 
records of the species-complex are listed. 

Materials and methods 
Specimens treated were fixed in formalin and transferred to 70% 

ethanol for long-term storage. For taxonomic description, I mounted 
the specimens temporarily in glycerin or lactic acid, or permanently 
in commercial polyvinyl lactophenol (PVL) medium with a little 
chlorazol black E added. Measurements were made of specimens in 
glycerin unless otherwise noted. Drawings were made at magnifica- 
tions of 400 x , 600 x , or (using an oil-immersion lens) 1000 x , by 
means of a Wild M50 microscope fitted with a drawing tube. Where 
available, information on mounting media and stains used for mate- 
rial from other collections is supplied. 

Taxonomic account 
FAMILY Cyclopidae Burmeister, 1834 
GENUS Diacyclops Kiefer , 1927b, emend. Morton, 

1985, Reid et al. 1989 
Diacyclops nearcticus (Kiefer , 1934) 

Figs. 1-10 

Synonymy 
Cyclops (Diacyclops) nearcticus Kiefer, 1934: 270 - 27 1, 

Figs. 3, 4. Yeatman 1943: 27, 28, 30, 31, 35, Figs. 7, 8. 
Yeatman 1944 (partim): 1, 2, 5, 7, 56-58, Figs. 110, 111. 
Yeatman 1959 (partim): 807. 

Cyclops nearcticus: Franke 1989: 119, 120. Pennak 1953 
(partim): 398. Pennak 1963 (partim): 354, 359, Fig. 15. 
Pennak 1978 (partim): 404, 405, Fig. 281s. Pennak 1989 
(partim): 426, 427, Fig. 10s. 

Diacyclops nearcticus (partim) : Dussart and Defaye 1985 : 94. 
Franke 1989: 49. Hutchinson 1967: 626. Reid 1988a: 36; 
1990: 174, 175. Strayer 1989a: 197, 198, 199, 201, 202, 
205, Fig. 5, Table IV. Strayer 1989b: 279, 289, 290, Figs. 
7f-7h. 

Non Cyclops nearcticus : Franke 1989: 10 1. 
Non Diacyclops nearcticus : Williams 1989: 198, 199, 202, 

205, 206, Figs. 4, 6b. 
?Cyclops nearcticus : Bunting 1973: 140. 

MATERIAL: Type Q , partly dissected on 2 slides, Mikro- 
praparate 1895 and 1897, from Kiefer Copepod Collection, 
Staatliches Museum fiir Naturkunde Karlsruhe. Mikropraparat 
1895 contains the cephalosome and the dissected antennules 
and swimming legs. Mikropraparat 1897 contains the urosome 
with 5th legs attached. Coll. G. E. Hutchinson, Guilder Pond, 
Berkshires, Massachusetts. Collection data were taken from 
the Catalog (Franke 1989), since the slide labels bear only the 
preparation numbers. 

Female 
Length (given by Kiefer 1934) 0.8 mm; length of dissected 

urosome 348 pm. Lateral corners of pediger 5 (Fig. 1) flat- 
tened in mount, rounded, with no keel apparent. Genital seg- 
ment flattened in mount, anterior half broadened. Details of 
seminal receptacle indistinct (as also to Kiefer 1934), lateral 
arms apparently nearly horizontal. Hyaline fringes of uro- 
somites weakly crenulate. Posterior margin of anal somite 
(Figs. 1, 2) with tiny dorsal spines and larger ventral spines; 
anal operculum weakly crescentic. Caudal ramus somewhat 
flattened in mount, reported and figured by Kiefer (1934) as 
4 times longer than broad, medial surface naked, lateral sur- 
face lacking "comb" or dorsoventral row of small spines 
present in many congeners. Caudal ramus with few small 
spines at bases of lateral and lateralmost terminal caudal setae. 
Lateral seta inserted at posterior 213 of caudal ramus. All 
caudal setae with fine homonomous plumage. Lengths of 
caudal setae (pm): lateral 22, dorsal 65, lateralmost to medial- 
most terminal 52, 256, 444, 40. 

Antennule (Fig. 3) of 17 articles, article 5 with small spine, 
article 6 with larger spine, article 12 with bladelike esthetasc, 
article 16 with hairlike sensillum; no hyaline membrane visible 
on distalmost articles. Antennule reaching posterior margin of 
cephalothorax (Kiefer 1934). Antenna (Fig. 4) lacking exo- 
podite seta; caudal and frontal surfaces of article 1 partly 
obscured, visible ornament as in figure. Labrum (Fig. 5) with 
11 blunt teeth. Remaining mouthparts obscured. 

Swimming legs 1-4 (Figs. 6-9) each with triarticulate 
rami. Legs completely dissected, therefore identity of legs 2 
and 3 uncertain. Terminal articles of exopodites with total of 
2,3,3,3 spines and 4,4,4,4 setae, respectively. Endopodite 
article 1 of each leg with 1 seta. Endopodite article 2 of legs 
1 and 4 each with 1 seta. Endopodite article 2 of either leg 2 
or leg 3 with 2 setae, corresponding article of leg 3 or leg 2 
with 1, more distal seta, similar to leg 3 of D. sororum 
(Fig. 51). Endopodite article 3 of legs 1-3 each with 5 setae 
and 1 spine; leg 4 endopodite 3 with 2 setae on medial margin, 
2 terminal spines, and 1 spine on lateral margin. Basipodite of 
leg 1, medial expansion convex but little developed; spine on 
medial expansion naked, reaching at least distal margin of 
article 1, end of spine obscured by cracked medium. Medial 
expansions of basipodites of legs 2-4 sparsely haired, each 
with acute oblique process, basipodite of leg 4 less expanded 
medially than basipodites of legs 2 and 3. Couplers of all 
swimming legs naked. Leg 4 endopodite 1 medial wall thick- 
ened, slightly indented distally. Leg 4 endopodite article 3 
about 1.52 times longer than broad, medial terminal spine 
about 1.52 times longer than lateral terminal spine (measure- 
ments from Kiefer 1934, confirmed on specimen); lateral 
spine and 2 medial setae all reaching past distal end of article. 

Medial terminal spine of leg 5 (Figs. 1, 10) about 1.5 times 
longer than article 2. Both lateral terminal setae of article 2 
broken. Lateral seta of article 1 about 2.3 times length of ter- 
minal spine. 
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FIGS. 1 -5. Diacyclops nearcticus (Kiefer, 1934), type female; Figs. 1 and 2: Kiefer Mikropraparat 1897; Figs. 3 - 5: Kiefer Mikropraparat 
1895. Fig. 1. Urosome, ventral. Fig. 2. Anal somite and caudal rami, dorsal. Fig. 3. Antennule. Fig. 4. Antenna, caudal side. Fig. 5. Labrum. 
Scale bar applies to Fig. 1 only. Figs. 1-4 drawn at 6 0 0 ~ ;  Fig. 5 drawn at 1000x; details of Figs. 3 and 4 confirmed at 1000 x .  

Male Ecology and distribution 

Unknown. The only confirmed record of D. nearcticus remains that 
from the type locality, a pond. Dr. Dewey Bunting was unable 

TYPE LOCALITY: Guilder Pond, Berkshires, Massachusetts. to supply specimens to confirm his record from Missouri 
COMPARISONS: Diacyclops nearcticus and the four new con- (Bunting 1973; D. L. Bunting, personal communication, 1991). 

geners described herein are compared following the descrip- The discovery of several congeners similar to D. nearcticus in 
tion of D. alabamensis. North America renders this latter record doubtful. 
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FIGS. 6 -  10. Diacyclops nearcticus (Kiefer, 1934), type female, Kiefer Mikropraparat 1895. Fig. 6.  Leg 1 and coupler, posterior (lengths 
of some setae obscured by drying of medium). Fig. 7. Leg 2 or leg 3 and coupler, posterior. Fig. 8. Leg 4 and coupler, posterior. Fig. 9. 
Leg 4 endopodite 3, enlarged. Fig. 10. Leg 5. Plumage of most setae of swimming legs is omitted. Figs. 6-9  drawn at 600 X , details confirmed 
at 1000 x ; Fig. 10 drawn at 1000 x . 
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FIGS. 1 1 - 15. Diacyclops harryi n.sp., holotype female, USNM 25 127 1. Fig. 1 1. Habitus, dorsal. Fig. 12. Posterior prosome and anterior 
urosome, left lateral (spine and seta of article 2 of leg 5 foreshortened). Fig. 13. Pediger 5 and genital segment, ventral. Fig. 14. Anal somite 
and left caudal ramus, dorsal. Fig. 15. Right caudal ramus, ventral. Fig. 1 1 drawn at 400 x ; Figs. 12 - 15 drawn at 600 x . 

Cyclops nearcticus (partim): Pennak 1953 : 398; 1963 : 354, 
Diucyclops harryi n . sp . 359; 1978: 404, 405, Fig. 281s; 1989: 426,427, Fig. 10s. 

Figs. 11-25 Yeatman 1964: 98. 
Synonymy Diacyclops nearcticus (partim): Dussart and Defaye 1985 : 94. 
Cyclops (Diacyclops) nearcticus (partim) : Yeatman 1943 : 27, Hutchinson 1967: 626. Reid 1988a: 36; 1990: 174, 175. 

28, 30, 31, 35, Figs. 1-6. Yeatman 1944: 1, 2, 5, 7, Strayer 1989a: 197, 198, 199, 201, 202, 205, Fig. 5, 
56-58, Figs. 110, 11 1. Yeatman 1959: 807. Table IV; 1989b: 279, 289, 290, Figs. 7f-7h. 
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FIGS. 16-21. Diacyclops harryi n.sp. Figs. 16 and 18 -21 : holotype female, USNM 25 1271 ; Fig. 17: female from Gardener's Spring, Mary- 
land, USNM 241930. Fig. 16. Antennule. Fig. 17. Antenna articles 1 and 2, frontal side. Fig. 18. Maxillule. Fig. 19. Leg 1 and coupler, 
anterior. Fig. 20. Leg 1 coupler, posterior. Fig. 21. Leg 2, anterior. Figs. 16 and 18-21 drawn at 600X and details confirmed at 1 0 0 0 ~ ;  
Fig. 17 drawn at 1 0 0 0 ~ .  

MATERIAL: Holotype Q , USNM 25 127 1 ; allotype 0 ,  num bog in U.S. Reservation 501, Oxon Run Parkway, SE 
USNM 25 1272; each dissected on 1 slide in PVL; paratypes, District of Columbia, 38"48'09"N, 76"58'44"W, 17 June 
9 Q Q , 14 0 0 and 22 copepodids, alcohol preserved, 1991, coll. S. Syphax and A. Veiga. Additional paratypes: 
USNM 251270; all from center of Oxon Run Bog, a Sphag- 1 Q , 2 0 0 and 2 copepodids, Oxon Run Bog, 4 November 
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FIGS. 22-25. Diacyclops harryi n.sp. Figs. 22 and 23: holotype female, USNM 251271; Figs. 24 and 25: allotype male, USNM 251272. 
Fig. 22. Leg 4 and coupler, posterior. Fig. 23. Leg 4 coupler, anterior. Fig. 24. Habitus, dorsal. Fig. 25. Posterior prosome and anterior 
urosome, right lateral. Scale applies to Fig. 24 only. Figs. 22, 23, and 25 drawn at 600x ; Fig. 24 drawn at 4 0 0 ~ ;  details of Figs. 22 and 
23 confirmed at 1000 x . 

1988, coll. S. Syphax, USNM 24 193 1 (reported as D. nearc- 25 1294; all from Well Station No. 3, shallow dug well, 1.5 mi 
ticus by Reid 1990). (1 mi = 1.609 krn) north of Farrington, Chatham County, 

Additional, non-paratype material: 2 Q Q , each partly dis- North Carolina, 25 November 1942, coll. and prep. H. C. 
sected on 1 slide in glycerin jelly; and 1 Q and 2 copepodids, Yeatman (reported as D. nearcticus by Yeatman 1943, 1944). 
each partly dissected on 1 slide in glycerin jelly, USNM 2 Q Q and 1 a ,  each dissected on 1 slide in PVL, Gardener's 
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TABLE 1 .  Measurements of Diacyclops harryi n.sp. Description 

N Range Mean SE CV 

Total length 

Ramus 
Length 

Breadth 

Seta 1 

Seta 2 

Seta 3 

Seta 4 

Dorsal seta 

Insertion, 1s 

P4 enp3 
Length 

Breadth 

P4 enp3 
MTS 

LTS 

NOTE: Dimensions are given in micrometres. Measurements were made from type 
population from Oxon Run Bog, District of Columbia, 17 June 1991, USNM 
25 1270-25 1272. P4enp3, leg 4 endopodite 3; insertion, Is, distance along outer margin 
of caudal ramus from anal somite to insertion of lateral seta; setae 1-4,  medialmost ter- 
minal to lateralmost terminal setae, respectively; MTS, medial terminal spine; LTS, 
lateral terminal spine; SE, standard error of mean; CV, coefficient of variation. 

Spring, U.S. Reservation 404M, Oxon Hill Farm, small brick 
pool near end of Woodlot Trail, Prince George's County, 
Maryland, 38"48'09"N, 77 "00'22" W, 4 November 1988, 
coll. S. Syphax, USNM 24 1930 (reported as D. nearcticus by 
Reid 1990). 1 Q , mounted whole on 1 slide, from Sarracenia 
purpurea, Bruce Lake, Promised Land State Park, Pennsyl- 
vania, 8 June 1972, coll. D. Fish, prep. H. C. Yeatman, 
USNM 25 13 12. 1 Q , 1 0 ,  2 copepodids, partly dissected in 
CMC on slide No. 54, hyporheic zone of Fishkill Creek at 
Brinckerhoff's Mills, town of Fishkill, Dutchess County, New 
York, 5 August 1985; 2 Q Q , 2 copepodids, some partly dis- 
sected in CMC, on slide No. 109, hyporheic zone of Coxing 
Kill, town of Gardiner, Ulster County, New York, 14 Novem- 
ber 1985; 2 Q Q , 1 0 ,  5 copepodids, some partly dissected 
in CMC on 2 slides, both numbered 134, hyporheic zone of 
East Branch of Wappinger Creek, town of Washington, 
Dutchess County, New York, 25 March 1986; all from 
D. Strayer collection. 1 0 and 1 copepodid, on 1 slide in 
CMC, Coxing Kill, town of Gardiner, Ulster County, New 
York, 6 May 1986, coll. and prep. D. Strayer, USNM 236362 
(all New York specimens were reported as D. nearcticus by 
Strayer 1989a, 1989b). 1 Q , dissected on 1 slide, Weir Sam- 
ple 21C, August 1989; 2 copepodids, Flume Sample 19 NF, 
19 June 1990, all from Goose Creek, Virginia, collection of 
M. A. Palmer. All undissected specimens alcohol preserved. 

Dr. H .  C. Yeatman donated to the USNM collections two 
of the slides upon which his description (Yeatman 1943) of 
D. harryi (as D. nearcticus) was based. These slides contain 
three females and one copepodid, each semi-dissected. The 
specimens are congruent in all respects with the material from 
other localities assigned to D. harryi, except for some mouth- 
parts that cannot be seen clearly on the Yeatman slides. Since 
more than one specimen is dissected on each of the Yeatman 
slides, it is uncertain which parts belong together. For this 
reason and since a good series of specimens was obtained from 
a federally protected locality in the District of Columbia, 
these, rather than the North Carolina specimens, are desig- 
nated the type population herein. The following description is 
based largely on the District of Columbia material. 

Female 
Length of holotype and 9 paratype specimens from the Dis- 

trict of Columbia 516-568 pm; other body proportions as in 
Table 1. Length of North Carolina specimens 0.50 -0.70 mm 
(Yeatman 1943). Specimens from New York and Pennsyl- 
vania mounted on slides, most partly dissected; measurements 
of these specimens not presented. Formalin-preserved speci- 
mens colorless, transparent. Prosomites (Fig. 11) rounded in 
dorsal view; in lateral view (Fig. 12), pediger 5 slightly keeled, 
naked. Genital segment (Figs. 11 - 13) slightly broader than 
long, anterior half broadened laterally and ventrally. Seminal 
receptacle with broad, nearly horizontal anterior expansion, 
rounded posterior expansion, and nearly horizontal lateral 
canals; pore canal small, short, not markedly sclerotized. 
Hyaline fringes of urosomites slightly crenulate. Anal somite 
(Figs. 11, 14, 15) with strong spines along nearly all of 
posterior margin, single row of spines on each side of anus, 
and slightly crescentic, little sclerotized anal operculum. Caudal 
ramus about 3.7 times longer than broad, medial surface 
naked, lateral surface usually with 1 or 2 very fine hairs at 
level of and posterior to lateral seta, otherwise naked, i.e., 
lacking lateral "comb" or dorsoventral row of small spines 
present in many congeners, and also lacking spines at bases of 
lateral and lateralmost terminal setae. Lateral seta inserted at 
posterior 71 10 of ramus. Dorsal seta with 1 basal articulation, 
naked, tapering to thin tip. Remaining caudal setae finely and 
homonomously plumose. Lengths of caudal setae of holotype 
(pm): lateral 13 (foreshortened in Fig. 14), dorsal 47, lateral- 
most to medialmost terminal 32, 200, 348, 35. 

Antennule (Figs. 1 1, 16) of 17 articles, not reaching pos- 
terior margin of cephalothorax; articles 5 and 6 each with 
small spine, article 12 with narrow spatulate esthetasc, article 
16 with hairlike sensillum, length of sensillum about 112 
length of article 17. No hyaline membrane visible on distal- 
most articles of antennule. Antenna (Fig. 17) similar in pro- 
portions and ornament to antenna of D. sororum (Fig. 41), 
except lacking not only exopodite seta but also 1 of 2 setae on 
anterior distal margin, and with only 2 groups of spines on 
article 1. Mandible, maxilla, and maxilliped as corresponding 
structures of D. sororum (Figs. 44, 45, 47, 48). Maxillule as 
in Fig. 18, setae of palp long. 

Swimming legs 1-4 (Figs. 19-23) all with triarticulate 
rami, form, ornament and setation of leg 3 identical with leg 
2 (illustrated). Terminal articles of exopodites with total of 
2,3,3,3 spines and 4,4,4,4 setae, respectively. Endopodites 1 
and 2 of all legs each with 1 seta, endopodites 3 of legs 1 -3 
each with 5 setae and 1 spine. Leg 1 with basipodite little 
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expanded medially, bearing sparse hairs and slender spine, 
spine reaching midlength of endopodite article 3. Leg 1 coupler 
wi.th groups of slender spines on anterior and posterior sur- 
faces; legs 2 and 3 couplers with slender spines on anterior 
surface only; and leg 4 coupler with groups of broad spines on 
anterior and posterior surfaces. Leg 4 endopodite 1, medial 
wall thickened, slightly indented proximally. Leg 4 endo- 
podite 3 about 1.18 times longer than broad, bearing 2 setae 
on medial margin, 1 spine on lateral margin, and 2 spines on 
distal margin, distomedial spine always slightly (about 1.1 
times) longer than distolateral spine. 

Leg 5 (Figs. 12, 13), proximal article with large lateral 
expansion bearing slender, sparsely plumed seta; distal article 
bearing subterminal medial spine slightly longer than length of 
article, and slender, sparsely plumed terminal seta. Leg 6 
(Fig. 12) consisting of small flap bearing slender dorsal seta 
and 2 small spines. 

One or 2 fine lateral hairs present on caudal rami of 8 of 10 
females examined from type population. Similar hairs visible 
on female specimen from Goose Creek and on some slide- 
mounted specimens from North Carolina and New York popu- 
lations. Estimation of proportion of specimens with these hairs 
not possible, since several specimens mounted unfavorably. 
Distal groups of spines on posterior surface of leg 4 coupler 
(Fig. 22) not present in some female specimens. 

Male 
Length of allotype and 9 paratype specimens 436 -492 pm; 

other dimensions as in Table 1. Habitus (Fig. 24), caudal 
rami, antenna, mouthparts, swimming legs, and leg 5 similar 
to corresponding structures of female. Antennule (Fig. 24) 
reaching posterior margin of cephalosome, geniculate, of 17 
articles, similar in armament to that of D. albus Reid, 1992). 
Leg 6 (Fig. 25) consisting of small subtriangular flap bearing 
small ventral spine and 2 dorsal setae, both setae reaching past 
posterior margin of succeeding somite. 

Fine lateral hairs present on caudal rami of 12 of 15 males 
examined from type population. 

TYPE LOCALITY: Oxon Run Bog, U.S. Reservation 501, 
Oxon Run Parkway, SE District of Columbia. 

ETYMOLOGY: The species appellation recognizes Harry C . 
Yeatman's first description of this species. It is a pleasure to 
pay a modest tribute to Dr. Yeatman's manifold contributions 
to the study of North American copepods, through both his 
own work and his unstinting support of the efforts of many 
colleagues and students for nearly half a century. 

Ecology 
Yeatman (1943) first recorded D. harryi, as Cyclops (Dia- 

cyclops) nearcticus, from a shallow dug well, pH 5.8, in North 
Carolina. The type locality in the District of Columbia is a 
Sphagnum bog, with a small area of open water in the center 
at the time of collection, water temperature 23"C, conduc- 
tance 135 pS . cm- l ,  and pH 3.5. The record in the same col- 
lection series by Reid (1990, as D. nearcticus) from a spring 
and the record from the pitcher plant Sarracenia in Pennsyl- 
vania indicate similar groundwater-related habitats. Records 
from hyporheic zones of streams include those by Strayer 
(1989a, 1989b) as D. nearcticus from New York and the 
previously unpublished record herein from the hyporheic zone 
of Goose Creek, Virginia. As Strayer (1989a, 1989b) con- 
cluded, D. harryi seems to be a typically but not exclusively 
subterranean species. It is widespread in groundwater-related 

TABLE 2. Measurements of Diacyclops chrisae n.sp. 

N Range Mean SE CV 

Total length 

Ramus 
Length 

Breadth 

Seta 1 

Seta 2 

Seta 3 

Seta 4 

Dorsal seta 

Insertion, 1s 

P4 enp3 
Length 

Breadth 

P4 enp3 
MTS 

LTS 

NOTE: Dimensions are given in micrometres. For explanation of abbreviations see 
Table 1 .  SE and CV were not calculated for males. 

habitats in the eastern United States. The species is certainly 
tolerant of, but not restricted to, acid waters. 

Diacyclops chrisae n . sp . 
Figs. 26 -30 

Synonymy 
Diacyclops sp. : Hakenkamp 199 1 : 3 1, Table 2. 
?Diacyclops nearcticus: Williams 1989: 198, 199, 202, 205, 

206, Figs. 4, 6b. 
MATERIAL: Holotype Q , dissected on 1 slide in PVL, USNM 

25 1284, September 1990; allotype 0 ,  USNM 25 1285, June 
1990; paratypes: 1 Q (damaged), 13 copepodids, September 
1990; 3 Q Q , 1 Q , 7  copepodids, June 1990, USNM 25 1286; 
all from driven well, Sample lm Far, Intensive Sample Series, 
Wye Island, Queen Annes County, Maryland, 38 "54'N, 
76 "08 'W, coll. C . C . Hakenkamp. Undissected specimens 
alcohol preserved. 

Additional, non-paratype material: specimens from Wye 
Island in collection of C. C. Hakenkamp. 1 0 (damaged), 1 
copepodid, 1 nauplius, Sample - 1 m 30 cm 3; and 9 copepodids 
(dried), Sample 20 cm 11 +2 m- Full core, both from Rouge 
River, Ontario, 27 July 198 1, coll. D. D. Williams, USNM 
251730. 

Female 
Length of holotype, measured in lactic acid, 672 pm; range 

of lengths and other dimensions of holotype and three undam- 
aged paratypes presented in Table 2. Habitus, antennule, 
mouthparts, legs 1-3 and leg 5 as described for D. harryi, 
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FIGS. 26-32. Diacyclops chrisae n.sp., holotype female, USNM 251284. Fig. 26. Pediger 5 and genital segment, ventral (leg 5 fore- 
shortened). Fig. 27. Anal somite and left caudal ramus, dorsal. Fig. 28. Anal somite, ventral. Fig. 29. Antennule articles 1 and 2, caudal 
side. Fig. 30. Antennule articles 1 and 2, frontal side. Fig. 31. Leg 4 and coupler, posterior. Fig. 32. Leg 4 coupler, anterior. All figures 
drawn at 600 x , details confirmed at 1000 x . 

except pediger 5 without lateral keel. Seminal receptacle dorsally and larger spines ventrally along posterior margin. 
(Fig. 26) with anterior and posterior expansions little devel- Anal operculum weakly crescentic, unsclerotized, margin 
oped, lateral canals curved posteriorly, pore and pore canal smooth. Caudal ramus (Fig. 27) 4 times longer than broad, 
large, sclerotized. Anal somite (Figs. 27, 28) with tiny spines lateral seta inserted at posterior 213. Caudal ramus ornamented 

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

M
IC

H
IG

A
N

 S
T

A
T

E
 U

N
IV

 o
n 

05
/3

1/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



REID 1455 

FIGS. 33 -39. Diacyclops sororum n.sp. Figs. 33, 34, 35, and 37: paratype female, USNM 25 1283; Figs. 36, 38, and 39: holotype female, 
USNM 25 1281. Fig. 33. Habitus, dorsal. Fig. 34. Posterior prosome and genital segment, dorsal. Fig. 35. Posterior prosome and genital seg- 
ment, right lateral. Fig. 36. Posterior prosome and genital segment, ventral. Fig. 37. Genital segment, ventral. Fig. 38. Anal somite and caudal 
rami, dorsal. Fig. 39. Right caudal ramus, ventral. Scale applies to Fig. 33 only. Fig. 33 drawn at 400 x ; Figs. 34 -39 drawn at 600 x . 

with 3 rows of tiny spines on dorsomedial surface, and few Antenna (Figs. 29, 30) lacking exopodite seta but with 2 
spines near base of lateralmost terminal seta; no spines at base setae on anterodistal margin of article 1; frontal and caudal 
of lateral seta. Most caudal setae of holotype missing or sides of article 1 each with several groups of small spines. 
broken; length of medialmost terminal seta 42 pm. Leg 4 (Figs. 31, 32) with endopodite article 3, length 23 pm, 
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breadth 21 pm, thus 1.1 times longer than broad; length of TABLE 3.  Measurements of  Diacyclops sororum n. sp. 
medial terminal spine 31 pm, length of lateral terminal-spine 
23 pm. Posterior surface of coxopodite with many rows of 
spines. Lateral and medial walls of endopodites 1 and 2 thick- 
ened, medial wall of endopodite 1 slightly indented distally. 

Male 
Length of allotype 532 pm, of paratype 512 pm; other 

measurements presented in Table 2. Habitus, antennule, mouth- 
parts, and legs 1-6 similar to D. harryi. Antenna with 2 setae 
on article 1 and ornament similar to antenna of female. Caudal 
ramus, like that of female, lacking lateral hairs; no spines 
visible on surface of caudal rami of either specimen. 

Adult male specimen from Ontario slightly damaged, but 
visible morphological details congruent with paratypes of 
D. chrisae: no spines visible on surface of caudal ramus; 
antenna with 2 setae on article 1; number of spines and setae 
on legs 1-4 same as number in paratypes; leg 4 coupler with 
2 rows of spines. Lateral terminal spine of leg 4 endopodite 
article 3 nearly as long as medial terminal spine, therefore 
relatively slightly longer than corresponding spine in types of 
D. chrisae. 

TYPE LOCALITY: Wye Island, Queen Annes County, 
Maryland. 

ETYMOLOGY: Named for the collector, Ms. Christine C. 
Hakenkamp. 

Ecology 
Diacyclops chrisae occurred in wells driven to sample the 

groundwater meiofauna of Wye Island. The following habitat 
data are abstracted from Hakenkamp (1991): salinities measured 
in the well water were 0.3 -0.6%, mean pH 4.87, and mean 
dissolved oxygen content 5.39 mg . L- l. The sediments con- 
sist of poorly sorted sands, median grain size about 400 pm, 
with little silt or clay content. The species never occurred in 
surface water adjacent to the locations of the wells (Hakenkamp 
1991). 

Diacyclops sororum n. sp. 
Figs. 33-58 

MATERIAL: Holotype Q , dissected on 1 slide, Sample Weir 
5C Time 2, Chamber, control, USNM 25 1281 ; allotype 0 ,  

Sample U Cr, Drift, USNM 251282; paratypes: 2 Q Q , 6 
copepodids, Sample U Cr, Drift, USNM 251283; all from 
Goose Creek, Loudoun County, Virginia, 38 "57 'N, 77 "4.5 'W, 
August 1989, coll. M. A. Palmer. 

Additional, non-paratype material: 1 Q , mounted whole on 
1 slide, Station I (river), Neches River, Orange Co., Texas, 
20 January 1952; coll. R. J. Baldauf, prep. H. C. Yeatman, 
USNM 25 1295. Undissected specimens alcohol preserved. 

Female 
Length of holotype, excluding caudal setae, 780 pm; range 

of lengths and other body dimensions of holotype and para- 
types as in Table 3; length of mounted specimen from Texas 
856 pm. Formalin-preserved specimens colorless, transparent. 
Prosomites (Figs. 33 -36) in dorsal view with lateral margins 
rounded, except pediger 5 with lateral corners slightly keeled 
and upturned. Lateral margins of pedigers 3 and 4 (Fig. 35) 
without ornament and rounded except for shallow notch. Geni- 
tal segment (Figs. 33-37) about as long as broad, anterior 
half broadened. Seminal receptacle little developed in holo- 
type (Fig. 36), subquadrate in paratypes (Fig. 37), posterior 
expansion subtriangular, and lateral canals nearly horizontal; 
pore round, little sclerotized, pore canal short. Hyaline fringes 

N Range Median 

Total length 

Ramus 
Length 

Breadth 

Seta 1 

Seta 2 

Seta 3 

Seta 4 

Dorsal seta 

Insertion, 1s 

P4 enp3 
Length 

Breadth 

P4 enp3 
MTS 

LTS 

NOTE: Dimensions are given in rnicrornetres. For explanation of 
abbreviations see Table 1 .  

of urosomites weakly crenulate. Posterior margin of anal 
somite (Figs. 38, 39) without armament dorsally and with 
large spines laterally and ventrally; anal operculum weakly 
crescentic, unsclerotized, margin irregular. Caudal ramus 
(Figs. 38, 39) 3.6 times longer than broad, dorsomedial sur- 
face with 6 irregular diagonal rows or groups of small spines, 
lateral surface lacking "comb," or dorsoventral row of small 
spines, present near proximal end of ramus in many con- 
geners. Caudal ramus with small spines at base of lateralmost 
terminal seta, no spines at base of lateral seta. Lateral seta 
inserted at posterior 213 of ramus. Most caudal setae with fine 
homonomous plumage, except dorsal seta naked. Dorsal seta 
tapering to thin whiplike tip. Lengths of caudal setae of holo- 
type (pm): lateral 8, dorsal 80, lateralmost terminal 40, 
next lateralmost terminal 256, next medialmost terminal broken, 
medialmost 33. 

Antennule (Figs. 33, 40) of 17 articles, length of antennule 
about 213 length of cephalothorax; articles 5 and 6 each with 
spine, article 12 with esthetasc, article 16 with short hairlike 
sensillum; no hyaline membrane visible on distalmost articles. 
Antenna (Figs. 41 -43) lacking exopodite seta, bearing 2 setae 
on distal margin of article 1; caudal and frontal surfaces of 
article 1 each with several rows of spines. Mandible (Figs. 44, 
45) with row of hairs on pars incisiva. Palp of maxillule 
(Fig. 46) with short setae. Maxilla (Fig. 47) with short row of 
small teeth at midlength of claw. Maxilliped (Fig. 48) with 2 
rows of spines on caudal margin of article 2 in addition to 
group of spines on frontal margin of same article. 

Swimming legs 1-4 (Figs. 49-53) each with triarticulate 
rami, terminal articles of exopodites with total of 2,3,3,3 
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FIGS. 40-48. Diacyclops sororum n.sp., holotype female, USNM 25 1281. Fig. 40. Antennule. Fig. 41. Antenna, caudal side. Fig. 42. 
Antenna article 1, caudal side. Fig. 43. Antenna article 1, frontal side. Fig. 44. Mandible. Fig. 45. Pars incisiva of mandible, other side. 
Fig. 46. Maxillule. Fig. 47. Maxilla. Fig. 48. Maxilliped. Figs. 40, 41, and 44-48 drawn at 600x ,  details confirmed at 1 0 0 0 ~ ;  Figs. 42 
and 43 drawn at 1000 x . 

spines and 4,4,4,4 setae, respectively. Leg 1 endopodite 2 Medial expansion of leg 1 basipodite convex, bearing few 
with 2 setae. Leg 3 identical with leg 2 except endopodite 2 hairs and spine, spine reaching past distal end of endopodite 
of leg 2 with 2, corresponding article of leg 3 with 1 seta. article 2, spine with short stiff spinules along middle 113 and 
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FIGS. 49 -53. Diacyclops sororum n.sp., holotype female, USNM 25 128 1. Fig. 49. Leg 1 and coupler, anterior. Fig. 50. Leg 2 and coupler, 
anterior. Fig. 51. Leg 3 endopodite articles 2 and 3, posterior. Fig. 52. Leg 4 and coupler, posterior. Fig. 53. Leg 4 coupler, anterior. All 
figures drawn at 600x; details of Figs. 49, 50, 52, and 53 confirmed at 1 0 0 0 ~ .  

thin hairlike tip. Medial expansions of basipodites of legs 2 -4 spines on anterior surface near distal margin; coupler of leg 4 
each with acute medially directed process, expansion of basi- additionally with 2 irregular divided rows of fine spines on 
podite of leg 4 more produced than those of legs 2 and 3. posterior surface. Leg 4 endopodite, medial wall of article 1 
Couplers of legs 1 -4 each with 2 groups of long slender thickened and distal 113 indented; medial walls of article 2 and 
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FIGS. 54 -58. Diacyclops sororum n.sp. Figs. 54 -57: allotype male, USNM 25 1282; Fig. 58: female from Neches River, Texas, USNM 
251295. Fig. 54. Habitus, dorsal. Fig. 55. Anterior urosome, left lateral. Fig. 56. Leg 4 coupler, anterior. Fig. 57. Leg 4 coupler, posterior. 
Fig. 58. Genital segment, ventral. Scale applies to Fig. 54 only. Fig. 54 drawn at 400 X ; Figs. 55 -58 drawn at 600 x . 

proximal part of article 3 also thickened. Leg 4 endopodite 
article 3 about 1.27 times longer than broad, with 2 terminal 
spines, medial terminal spine about 1.3 times longer than 
lateral terminal spine; this article also with lateral spine and 2 
medial setae, all reaching past end of article. 

Length of medial terminal spine of leg 5 (Figs. 35, 36) equal 
to or slightly greater than length of article 2 of leg. 

Female specimen from Neches River partly disintegrated, 
apparently dead when caught, longest caudal setae broken. 
Specimen mounted whole with appendages down, base of 

antenna, mouthparts, and legs 1 - 3 partly obscured. Medial- 
most terminal caudal seta slightly longer than lateralmost 
terminal caudal seta. Seminal receptacle (Fig. 58) with copula- 
tory pore area slightly more sclerotized than in type speci- 
mens; anterior expansion of seminal receptacle extended in 
two diagonal "horns." 

The shape of the seminal receptacle and relative lengths of 
caudal setae vary in other species of Diacyclops (Yeatman 
1944). The individual from the Neches River is assigned to 
D. sororum, since it is congruent with the specimens from 
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FIGS. 59 - 62. Diacyclops alabamensis n.sp. Fig. 59: holotype female, USNM 25 1296; Figs. 60 -62: paratype female, USNM 25 1297. 
Fig. 59. Habitus, dorsal. Fig. 60. Legs 5 and genital segment, ventral (legs 5 slightly foreshortened). Fig. 61. Anal somite and caudal rami, 
dorsal. Fig. 62. Anal segment, ventral. Scale applies to Fig. 59 only. Fig. 59 drawn at 400 x ; Figs. 60-62 drawn at 6 0 0 x .  

Virginia in the relative length and armament of the antennule, Male 
the major armament of the antenna, the setation of leg 4,  the Length of allotype 500 pm; other body dimensions as in 
ornament of the legs 1-4 couplers, and the proportions and Table 3. Habitus (Fig. 54), antenna, mouthparts, swimming 
ornament of the caudal ramus. legs, and leg 5 similar to female. Caudal ramus (Fig. 54) simi- 

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

M
IC

H
IG

A
N

 S
T

A
T

E
 U

N
IV

 o
n 

05
/3

1/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



REID 1461 

lar to female except with few tiny spines on surface, which are 
seen best with the aid of oil immersion. Antennule geniculate, 
apparently of 17 articles, armament similar ,to that of anten- 
nule of D. albus (Reid 1992). Swimming legs similar to those 
of female except leg 4 coupler (Figs. 56, 57) with only 1 row 
of slender spines on posterior surface. Leg 6 (Fig. 55) con- 
sisting of articulated flap bearing slender ventral spine and 
median and dorsal setae, dorsal seta reaching past end of suc- 
ceeding urosomite. 

ETYMOLOGY: From Latin soror, "sister," in appreciation of 
the cordiality of the sisters of Notre Dame Academy in per- 
mitting access to the study site in Goose Creek. 

TYPE LOCALITY: Goose Creek, Loudoun County, Virginia. 

Ecology 
Goose Creek is a perennial fourth-order, low-gradient stream 

with a sandy bed. The annual temperature range is about 
1 -28"C, the mean pH is 7.48, and the mean dissolved oxygen 
content is 10.4 mg . L-I (data abstracted from Palmer 1990a, 
1990b). The Neches River is a first-order stream draining the 
pine woodlands of east Texas. No specimens from Goose 
Creek were collected during intensive sampling of streambed 
sediments, the few specimens obtained occurring in weir and 
drift samples. The specimen from the Neches River assigned 
to D. sororum was also collected in drift. Diacyclops sororum 
is therefore unlikely to be a member of the streambed meiofaunal 
community, but more probably inhabits riparian wetlands. 

Diacyclops alabamensis n. sp. 
Figs. 59-73 

MATERIAL: Holotype Q , mounted whole in ventral aspect on 
1 slide, USNM 251296; paratypes: 1 Q , completely dis- 
sected, and 1 whole Q , mounted together on 1 slide; 1 Q and 
1 copepodid stage V c ~ ,  mounted whole together on 1 slide; 
1 Q , completely dissected on 1 slide; 1 Q , completely dis- 
sected on 1 slide; 3 c~ c ~ ,  mounted whole together on 1 slide, 
USNM 251297; all collected with plankton net from old, 
shallow (ca. 20 ft; 1 ft  = 0.3048 m) hand-dug well near 
McGlendon Cave, 18 mi WSW of the center of Gadsen, St. 
Clair County, Alabama, 15 June 1967, coll. J. R. Holsinger, 
D. C. Culver, S. P. Peck, A. Budreau, and A. Fiske, prep. 
H. C. Yeatman. Specimens mounted in glycerin jelly, holo- 
type unstained, paratypes heavily stained with rose bengal. 

Female 
Length of holotype 920 pm; lengths of undissected para- 

types 744 and 960 pm; other measurements presented in 
Table 4. Prosomites (Fig. 59) rounded in dorsal view; pediger 
5 with small lateral keel. Holotype bearing 3 eggs in lateral 
sac. Genital segment (Fig. 60, compressed in mount) slightly 
expanded laterally, seminal receptacle with posterior expan- 
sion little developed, pore, pore canal and lateral canals 
heavily sclerotized. Hyaline fringes of urosomites weakly 
crenulate. Anal somite (Figs. 61, 62) with no spines dorsally 
and large spines ventrally along posterior margin; anal oper- 
culum sclerotized, crescentic, with few tiny spines along 
posterior margin, anal operculum in paratypes extending to 
posterior margin of anal somite, in holotype slightly shorter. 
Caudal ramus (Figs. 59, 61) about 3.5 times longer than 
broad, medial surface with few tiny spines, lateral surface 
lacking "comb," with small spines at bases of lateral and 
lateralmost terminal setae. Lateral seta inserted at posterior 
213 of ramus. Dorsal setae naked, tapering to thin hairlike tip, 
setae extending nearly laterally in all specimens. Remaining 

TABLE 4 .  Measurements of Diacyclops alabamensis n. sp. 

N Range Mean SE CV 

Total length 

Ramus 
Length 

Breadth 

Seta 1 

Seta 2 

Seta 3 

Seta 4 

Dorsal seta 

Insertion, 1s 

P4 enp3 
Length 

Breadth 

P4 enp3 
MTS 

LTS 

NOTE: Dimensions are given in micrometres. For explanation of abbreviations see 
Table 1 .  

caudal setae with fine homonomous plumage. Lengths of 
caudal setae of holotype (pm): lateral 28, dorsal 105, lateral- 
most to medialmost terminal 60, 324, 520, 85. 

Antennule (Fig. 63) composed of 16 articles, former articles 
3 and 4 fused, bearing together same number of setae as 
articles 3 and 4 of antennule of D. nearcticus. Articles 4 and 
5 each with spine, article 6 with shallow groove at midlength, 
article 12 with spatulate esthetasc, article 15 with long hairlike 
sensillum. No hyaline membrane visible on distalmost articles. 
Antenna (Figs. 64, 65) lacking exopodite seta and with few 
groups of spines on article 1. Mandible similar to that of 
D. sororum except no hairs visible on pars incisiva of any 
specimen. Maxillule (Fig. 66) with long setae on palp. Maxilla 
(Fig. 67) lacking teeth on claw. Maxilliped (Fig. 68) with 2 
rows of spines on caudal margin. 

Swimming legs 1 -4 (Figs. 69 - 72) with triarticulate rami; 
terminal articles of exopodites with total of 2,3,3,3 spines and 
4,4,4,4 setae, respectively. Legs 1-4 endopodites 1 and 2 
each with 1 seta. Exopodites of legs 2 and 3 similar to exopo- 
dite of leg 4 except lateral spines of legs 2 and 3 slightly 
stouter. Leg 2 similar to leg 3. Leg 1 with little-developed 
medial expansion of basipodite bearing few hairs and spine, 
spine reaching distal end of endopodite 2. Medial expansions 
of basipodites of legs 2-4 each haired, also with medially 
directd distal process forming deep notch. Couplers of legs 
1-3 naked, coupler of leg 4 with 2 pairs of tiny spines on 
posterior surface. Leg 4 with lateral and medial walls thick- 
ened, medial wall indented along distal 112. Leg 4 endopodite 
3 about 1.5 times longer than broad, bearing 2 medial setae, 
2 terminal spines, medial terminal spine longer than lateral ter- 
minal spine, and 1 lateral spine. 
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FIGS. 63 - 68. Diacyclops alabamensis n. sp. Fig. 63 : holotype female, USNM 25 1296; Figs. 64 - 68: paratype female, USNM 25 1297. 
Fig. 63. Antennule. Fig. 64. Antenna, caudal side. Fig. 65. Antenna article 1, frontal side. Fig. 66. Maxillule. Fig. 67. Maxilla. Fig. 68. 
Maxilliped. All figures drawn at 600 x . 

Leg 5 (Fig. 60) with subterminal medial spine slightly Male 
shorter than article 2,  and setae of articles 1 and 2 subequal Lengths of paratypes 720 - 788 pm. Male specimens mounted 
in length. Leg 6 similar to that of D. sororum. more or less in lateral position; few details visible. Habitus 
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FIGS. 69 -73. Diacyclops alabamensis n. sp. Figs. 69 -72: paratype female, USNM 25 1297; Fig. 73: paratype male, USNM 25 1297. 
Fig. 69. Leg 1,  anterior. Fig. 70. Leg 1 coupler, anterior. Fig. 71. Leg 3 coxo-basipodite, endopodite and coupler (broken), posterior. Fig. 72. 
Leg 4 and coupler, posterior. Fig. 73. Anterior urosome, left ventral. All figures drawn at 600 X, details confirmed at 1000X. 

and antennule similar to those of D. sororum. Leg 6 (Fig. 73), ETYMOLOGY: Named for the state where the specimens were 
small subtriangular flap bearing 1 short medial spine and 2 collected. 
short setae, neither seta reaching posterior margin of succeed- TYPE LOCALITY: Well near McGlendon Cave, St. Clair 
ing somite. County, Alabama. 
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TABLE 5. Principal characters distinguishing Diacyclops nearcticus 
and four similar congeners 

A1 A2 CR spines P1-4enp2 P4 coupler 

alabamensis 16 2 Few, tiny 1,1,1,1 Spines 
chrisae 17 2 Few, tiny 1,1,1,1 Spines 
harryi 17 1 None 1,1,1,1 Spines 
nearcticus 17 2 None 1,2?,1?,1 Naked 
sororum 17 2 Many, large 2,2,1,l Spines 

NOTE: A l ,  number of articles in antennule; A2, total number of setae on antenna 
article I ; CR spines, spines on dorsomedial surface of caudal ramus; P I  -4enp2, number 
of setae on medial margin of legs 1-4 endopodite 2 (D. nearcticus has 2 setae at this 
location on either leg 3 or leg 2 ,  and I seta on leg 2 or leg 3) .  

Ecology 
Known only from a well. 

Comparisons 
Diacyclops nearcticus and the four newly described species 

are similar in having the leg 4 endopodite article 3 moderately 
short, with 1 lateral and 2 terminal spines; the spine formula 
2,3,3,3; and moderately long caudal rami. In addition, all 
species lack the exopodite seta of the antenna. The consistent 
presence of the lateral spine on the leg 4 endopodite 3 dis- 
tinguishes this group of species from all known congeners. 
One European congener (D. tantalus Kiefer, 1937) shows in 
some populations a tendency for both medial and lateral setae 
on the distal articles of legs 3 and 4 to be spiniform (Stoch 
1987). The armament of the leg 4 endopodite terminal article 
is not a completely reliable discriminating character, since loss 
of one of the distal spines on the leg 4 endopodite occurs occa- 
sionally in another European species, D. balearicus (Lescher- 
Moutouk 19781 1979). However, intrapopulational variation in 
these character-states was reported in both these species by 
Lescher-Moutouk (19781 1979) and Stoch (1987). No variation 
in the armament of any swimming leg was observed in the 
American species. 

The principal characters distinguishing these five similar 
congeners are discussed in the following paragraphs and sum- 
marized in Table 5. 

In the key of Reid (1988a) to North American Diacyclops, 
emended by Reid et al. (1989), D. alabamensis keys to D. lan- 
guidus (G. 0 .  Sars, 1863), since only these two species among 
North American congeners have the antennule composed of 16 
articles. Diacyclops languidus has a seta, not a spine, on the 
lateral margin of the leg 4 endopodite article 3, and also differs 
from D. alabamensis in having both rami of leg 1 and the 
endopodite of leg 2 biarticulate rather than triarticulate. 

The remaining four species have the antennule of the female 
composed of 17 articles. Diacyclops sororum is easily dis- 
tinguished from the other three species by the several rows of 
prominent spines on the surface of the caudal ramus. The 
spines on the caudal ramus of D. alabamensis and D. chrisae 
are few and small, nearly invisible except with the oil-immersion 
lens. Two South American congeners have similar rows or 
groups of prominent spines on the caudal ramus. Diacyclops 
hispidus Reid, 19886 from Colombia differs in having only 3 
groups of spines on the ramus and a lateral dorsoventral 
"comb" or row of spines on the anterior 114 of the ramus, the 
antenna with an exopodite seta, and a lateral seta rather than 
a spine on the leg 4 endopodite article 3. Diacyclops uru- 
guayensis (Kiefer, 1935), described from Uruguay, has 5 or 
more rows of small spines on the caudal ramus, but in D. uru- 

guayensis the caudal ramus is 4.4 times longer than broad, the 
anal operculum is quadrate and strongly sclerotized, and there 
is a lateral seta rather than a spine on the leg 4 endopodite 
article 3. 

Diacyclops harryi has only 1 seta on the anterodistal margin 
of the antenna article 1, rather than the 2 setae present in 
D. chrisae, D. nearcticus, D. sororum, and most known con- 
geners. Reduction from the normal 3 setae borne on the antenna 
article 1 is a common feature of species of Diacyclops. Such 
reduction also occurs in several other genera of Cyclopinae, 
more frequently in benthic and subterranean species (Pesce 
and Galassi 1985; Reid 1991). Of the five species treated here, 
one of the smallest, D. harryi, shows the most reduction in 
seta number, while the otherwise morphologically very similar 
D. chrisae has 1 more seta on the antenna. 

Diacyclops harryi and D. chrisae differ from both D. nearc- 
ticus and D. sororum in having 1 seta on both leg 2 and leg 
3 endopodite 2, while D. sororum has 2 setae on leg 2 endopo- 
dite 2, and D. nearcticus has 2 setae on either leg 2 or leg 3 
endopodite 2. Diacyclops sororum has 2 setae on leg 2 
endopodite 2, and is also the only species in this group to have 
2 setae rather than 1 on leg 1 endopodite 2. 

Diacyclops nearcticus lacks ornament on the couplers of the 
swimming legs, whereas D. alabamensis, D. chrisae, D. har- 
ryi, and D. sororum all have groups of spines on at least the 
coupler of leg 4. 

Diacyclops harryi is widespread in groundwater-related 
habitats, its verified range extending from New York to North 
Carolina. Diacyclops sororum, possibly inhabiting riverine 
wetlands, occurs in Virginia and probably as far as Texas. The 
similarity between the type specimens of D. chrisae and the 
specimens from Ontario provisionally assigned to this species 
indicates that D. chrisae may also be widely distributed. Both 
remaining species are known from a single locality. The con- 
centration of reported localities of these species in the eastern 
and southern United States and southeastern Canada is prob- 
ably a consequence more of the historically intensive collect- 
ing efforts in groundwater-related habitats in the region, rather 
than of any biogeographic verity. 

Diacyclops crassicaudis var . brachycercus (Kie fer , 1927a) 
Figs. 74-81 

Synonymy 
Cyclops (Diacyclops) crassicaudis brachycercus Kiefer, 

1927a: 262-264, Figs. 1, 2. Kiefer 1929: xiv, 61. Kiefer 
193 1 : 610, 61 8. Reddell 1965: 157. Reddell and Mitchell 
1969: 7. Yeatman 1944: 2, 5, 8, 16, 57, 60-63, P1. 9 
Figs. 114-121, Table 1. Yeatman 1959: 808. 

Acanthocyclops crassicaudis : Pennak 1989: 425. 
Acanthocyclops c.rassicaudis brachycercus : Damian-Georgescu 

1963: 144, 145, Fig. 73j. Rylov 1948: 245-248. 
Acanthocyclops crassicaudis forma brachycercus: ~ t e rba  

1968: 222. 
Acanthocyclops crassicaudis var . brachycercus : Maemets and 

Veldre 1956: 2 1. Sterba 196 1 : 824; 1962: 895. Veldre and 
Maemets 1956: 47. 

Cyclops bissextilis Willey , 1925 : 14 1 , 1 58, P1. I Fig. 3. Kiefer 
193 1: 610, 618. Willey 1929: 529. Yeatman 1959: 808. 

Cyclops crassicaudis: Pennak 1953 : 398. Willey 1929: 529. 
Cyclops (Acanthocyclops) crassicaudis: Gurney 1933 : 232 - 

234, Figs. 1686 - 1696 (partim) . 
Cyclops (Cyclops) crassicaudis : Coker 1938 : 77 - 79, 85, 

Figs. 1-13. 
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Cyclops crassicaudis brachycercus : Bunting 1973 : 138. 
Kiefer 1928: 245. Pennak 1963: 358; 1978: 403. Tash 
1971: 95, 96, 115, 118, Tables I, 11. Tash and Armitage 
1967: 132, 133, 136, Table 111. Yeatman 1943: 27, 28, 30, 
35; 1964: 98. 

Diacyclops crassicaudis brachycercus: Dussart and Defaye 
1985: 84. Monchenko 1974: 294-298, Figs. 101, 102. 
Pesce and Galassi 1987: 207,2 1 1 . Pesce et al. 1982: 58,60, 
Table 11. Reed 1991: 240. Reid 1988a: 36. Strayer 1989a: 
20 1, Table IV. Taylor and Mahoney 1990: 6 12. Torke 
1976: 6, 12. Williams 1989: 189, 197, 202, 205, 206, 
Fig. 66. 

Diacyclops crassicaudis var. brachycercus: Dussart 1969: 
153 - 154. 

Non Cyclops crassicaudis brachycercus : Harris 1973 : 33, 
P1. 8 Figs. 48-50. Harris 1978: 28, 32, 33. 

MATERIAL: Mikropraparat 762, Q , partly dissected on slide; 
Mikropraparate 763 and 766, each consisting of Q mounted 
whole on slide, from Kiefer Copepod Collection, Staatliches 
Museum fiir Naturkunde Karlsruhe. These slides are listed in 
the Catalog of the Kiefer Collection (Franke 1989) as D. nearc- 
ticus. Each is labeled " Cyclops crassicaudis nearcticus , Q , 
2.1.27, Kiefer" on the left label, and "New York, moos, 
Stadt-Park von Pelhambay (Chappuis)" on the right label. All 
writing is in ink except the word nearcticus in pencil in 
Kiefer's handwriting. These label data agree with those given 
by Kiefer (1927a, p. 262) for D. crassicaudis brachycercus, 
as "von Dr. Chappuis . . . aus nassem Moos von der 
Umgebung Neuyorks." Since no other material of D. crassi- 
caudis brachycercus is listed in the Kiefer Catalog (Franke 
1989), these three specimens are taken to represent the type 
material of this variety. 

ADDITIONAL MATERIAL: 2 Q Q , partly dissected on 1 slide 
in CMC, Esopus Creek, town of Shendaken, Ulster Co., New 
York, 22 October 1985, coll. and det. D. Strayer, USNM 
235360. 7 0 0 ,  10 April 1988, USNM 250324; 4 Q Q , 
26 April 1988, USNM 250325; 5 Q Q and 8 0 0 ,  3 March 
1989, USNM 250326, all from Rainbow Bay, Barnwell Co., 
South Carolina, coll. B. E. Taylor and G. Wyngaard; alcohol 
preserved. 

Description and comparisons 
Kiefer's (1927a) original description of D. crassicaudis 

brachycercus was brief and included no description of the 
male. Mikropraparate 762 and 763 are in excellent condition, 
but the medium on Mikropraparat 766 has dried to the edge 
of the specimen. The mouthparts are mostly obscured on all 
the specimens. Coker (1938) and Yeatman (1944) provided 
excellent descriptions and figures of both sexes from a popula- 
tion in North Carolina. A few possibly useful morphological 
details mentioned by neither author are apparent on Kiefer's 
specimens, and are illustrated herein. 

Coker's and Yeatman's descriptions are nearly completely 
congruent with Kiefer's material. The leg 5 article 2 of the 
female in Mikropraparat 762 is nearly quadrate, only a little 
broader than long (Fig. 8 I), but the corresponding structure as 
drawn by Coker and Yeatman is slender and about twice as 
long as broad, which is similar to most representations of the 
nominate species. Damian-Georgescu (1963, Figs. 73h, 73i) 
showed 5th legs of two specimens from Europe, one with a 
similarly short article 2. The anal opercula of the three speci- 
mens from the Kiefer Collection are produced, extending to or 

past the posterior margin of the anal somite. The antenna 
(Fig. 74) bears 2 short setae and a long exopodite seta on 
article 1. The labrum (Fig. 75) has 9 acute teeth between the 
small blunt lateral expansions. The maxillar claw (Fig. 76) 
bears a few small teeth near midlength. The medial expansions 
of the basipodites of legs 1-4 (Figs. 77 -80, respectively) are 
all ornamented, the basipodite of leg 1 with a few coarse hairs, 
that of leg 2 or leg 3 with a proximally directed knob, that of 
leg 3 or leg 2 with several small spines, and that of leg 4 with 
large spines. (It is impossible to determine which is leg 2 and 
3, since both legs are completely dissected.) The couplers of 
legs 1-3 are naked, and the coupler of leg 4 has 2 groups of 
spines on the posterior surface near the distal margin. Two 
additional, more proximal groups of very small spines are 
visible on the posterior surface of the leg 4 coupler of one of 
the mounted females from New York included in the Strayer 
collection. 

The ornament of the basipodites of the swimming legs is 
similar to that of D. crassicaudis s.str. in Europe (Gurney 
1933), except that the leg 2 basipodite is described as being 
ornamented with spines rather than a knob. I find no previous 
report of ornament on the leg 4 coupler of either D. crassi- 
caudis s . str . or D. crassicaudis brachycercus , and Gurney 
(1933, Fig. 1693) shows the leg 4 coupler of D. crassicaudis 
s. str. as lacking ornament. Damian-Georgescu (1963, Fig. 73c) 
drew the antenna of D. crassicaudis s.str. without setae on 
articles 1 and 2, but this was possibly an incomplete repre- 
sentation. Pesce and Galassi (1987) provided figures of the 
antennules of D. crassicaudis lagreaci and D. crassicaudis 
trinacriae showing 3 setae on article 1. 

Diacyclops crassicaudis (G. 0 .  Sars , 1 863) s . str . 
Figs. 82-86 

Major synonymy 
Cyclops crassicaudis G. 0 .  Sars, 1863: 236, 249. 
Cyclops (Diacyclops) crassicaudis : Kie fer 19276 : 306. 
Acanthocyclops crassicaudis : Ry lov 1948: 245 - 248, Fig. 55. 

Reed 1959: 27, 1 1 1, 143, Table XVII, Appendix Table B. 
Cyclops (Acanthocyclops) crassicaudis : Gurney 1933 : 183, 

232 -234, Figs. 1686 - 1696 (partim). Reed 1963: 5 1. 
Cyclops crassicaudis brachycercus : Harris 1973 : 33, P1. 8 

Figs. 48-50; 1978: 28, 32, 33. 
Cyclops Brucei T. Scott, 1899: 93-94, PI. 6 Figs. 1-6. 
Diacyclops crassicaudis : ~ t ~ r b a  1954: 354, 355 - 356. 

MATERIAL: Q and 0 ,  alcohol preserved, muskeg near Lac 
La Ronge, Saskatchewan, 3 May 1956, coll. E. B. Reed, 
USNM 25 1302. 

Female 
Similar to description of D. crassicaudis by Gurney (1933), 

except in following details. 
Length 764 pm. Pediger 5 and genital segment (Fig. 82) 

with few round pits on lateral surfaces. Seminal receptacle, 
anterior expansion with 2 hornlike extensions, posterior 
expansion rounded, lateral arms horizontal; copulatory pore 
sclerotized. Caudal ramus (Figs. 83, 84) 4.77 times longer 
than broad; insertion of lateral seta about at posterior 314. 
Lengths of caudal setae (pm): lateral 2 1, dorsal 60, lateralmost 
to medialmost terminal 67, 292, 440, 30. Both median caudal 
setae telescoped near their bases; medialmost terminal caudal 
seta closely appressed to next seta, exact length uncertain. 

Leg 4 coxopodite (Fig. 85) with 7 groups of spines; coupler 
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FIGS. 74 - 86. Diacyclops crassicaudis var. brachycercus (Kiefer, 1927), female, Kiefer Mikropraparat 762. Fig. 74. Antenna articles 1 and 
2, caudal side. Fig. 75. Labrum. Fig. 76. Claw of maxilla. Figs. 77-79. Legs 1-3 basipodite medial expansion and part of coupler, anterior, 
respectively. Fig. 80. Leg 4 basipodite medial expansion and coupler, anterior. Fig. 8 1 .  Leg 5. FIGS. 82 - 86. Diacyclops crassicaudis 
(G.  0. Sars, 1863) s.str., female from Saskatchewan, USNM 251302. Fig. 82. Pediger 5 and genital segment, ventral. Fig. 83. Anal somite 
and caudal rami, dorsal. Fig. 84. Right caudal ramus, ventral. Fig. 85. Leg 4 coxo-basipodite and coupler, posterior. Fig. 86. Leg 4 endopo- 
dite 3. All figures drawn at 600 x ; details of Figs. 74 - 8 1 confirmed at 1000 x . 
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with 2 medially divided rows of spines. No ornament visible 
on couplers of legs 1 and 2; leg 3 coupler with 1 row of spines 
near distal border. Leg 4 endopodite article 3 (Fig. 86) 28 pm 
long and 27 pm broad, 1ength:breadth ratio 1.04. Lengths of 
medial and lateral terminal spines 38 and 21 pm, respectively, 
ratio of lengths 1.80; ratio of lengths of medial terminal spine 
and endopodite article 3, 1.35. 

Male 
Length about 600 pm. Specimen damaged, missing 4th and 

most of 3rd legs. Antennule similar to that of D. crassicaudis 
as described by Gurney (1933). 

Discussion 
There are presently 12 named species and subspecies in the 

Diacyclops crassicaudis-complex, most of these stygophil or 
stygoxene inhabitants of local groundwater systems in Eurasia 
and North Africa (Lescher-Moutouk 1986; Pesce and Galassi 
1987). Only D. crassicaudis (G. 0 .  Sars, 1863) and D. eras- 
sicaudis var. brachycercus have been reported from North 
America. The validity of D. crassicaudis s.str., D. crassicaudis 
var. brachycercus , and D. crassicaudis cretensis (Kiefer , 
1928), which are all very similar, has been much discussed 
(Dussart 1969; Gurney 1933; Monchenko 1974; Pesce and 
Galassi 1987; Rylov 1948: Yeatman 1944). Rylov (1948) 
summarized the question of the relationship between D. eras- 
sicaudis and D. crassicaudis var . brachycercus . The nominate 
species has the caudal ramus 4.2 -5 times, and the variety 
brachycercus 3.2 -3.4 times, longer than broad. Other differ- 
ences mentioned by Yeatman (1944) and others as being 
characteristic of D. crassicaudis var. brachycercus, such as 2 
spines rather than 1 spine and 1 seta on the leg 3 endopodite 
3 of the male, occur also in European populations that are 
otherwise typical of the nominate species (Gurney 1933; 
Kiefer 1928). Comparing the morphology of the types and two 
other North American populations ascribed to D. crassicaudis 
var. brachycercus with representations of the nominate species 
in the literature, I find no meaningful differences except, as 
before, the slightly shorter caudal ramus. The ornament of the 
leg 4 coupler, although it is often a useful character in the tax- 
onomy of cyclopoid copepods, is an indistinct feature which 
is not always indicated in figures. This ornament does vary 
among populations of this species-complex: Pesce and Galassi 
(1987) described the leg 4 coupler of D. crassicaudis lagreaci 
as having small spines, but the coupler of D. crassicaudis 
trinacriae as being naked. The leg 4 couplers of D. karamani 
and D. skopljensis lack ornament (Kiefer 1932). 

The geographical distributions of D. crassicaudis s. str . and 
D. crassicaudis var. brachycercus seem from presently avail- 
able information to overlap completely. Populations ascribed 
to D. crassicaudis var . brachycercus, i . e . , having relatively 
short caudal rami, have been reported from Europe by Damian- 
Georgescu (1 963, Romania), Maemets and Veldre (1956, 
also Veldre and Maemets 1956, Estonia), Monchenko (1974, 
Ukraine), and ~tiirba (196 1, 1962, Czechoslovakia, 1968, 
Bohemia). Unfortunately, information on other aspects of the 
morphology of these populations is scanty, and it is uncertain 
whether they are completely congruent with North American 
D. crassicaudis var. brachycercus . 

Morphs with long caudal rami ascribable to D. crassicaudis 

s.str. do occur in North America. Reed (1959, 1963) reported 
the nominate species from the Adelaide Peninsula in the Cana- 
dian Arctic. E. B. Reed (personal communication, 1991) 
based this decision primarily on caudal ramus length: breadth 
ratios of about 4 (all were above 3.7 and less than 5). Reed's 
collection also includes a mounted male taken from St. Mathew 
Island, Pribilof Islands, Alaska, by Robert and Reggie Rausch. 
This specimen is ascribed by Reed to D. crassicaudis s.str. 
because the caudal ramus is 4 times longer than broad. Other 
features of this specimen seem congruent with the nominate 
species, although no ornament is visible on the medial expan- 
sions of the legs 1-4 basipodites (E. B. Reed, personal com- 
munication, 1991). The specimen supplied by Reed from 
Saskatchewan and described herein agrees in most respects 
with European representations of the nominate species. In the 
Saskatchewan female the lateral arms of the seminal receptacle 
are broader, the dorsal caudal seta are relatively longer, the 
marginal expansions of the leg 4 coupler are more produced, 
and the medial terminal spine of leg 4 endopodite 3 is rela- 
tively longer than in European specimens. There are 2 rows 
of spines on the leg 4 coupler, which is described as unorna- 
mented in specimens of the nominate species from Europe. 
The meaning, if any, of these differences is unclear, since the 
range of morphological variation, particularly of subtle meristic 
characters, has not yet been completely documented in Euro- 
pean populations. Although Harris (1973, 1978) collected 
"Cyclops crassicaudis brachycercus" from Mississippi, his 
figure (Harris 1973, Fig. 48) of the caudal ramus of a female 
clearly shows the ramus as being 4.2 times longer than broad, 
just within the range for D. crassicaudis s.str. 

Available morphological, distributional, and ecological infor- 
mation provides no firm basis for distinguishing two or more 
morphs of the D. crassicaudis-complex at the level of sub- 
species, at least in North America. As Rylov (1948) noted, 
variation in the length of the caudal ramus between different 
populations might be no more significant taxonomically than 
similar variation in other cyclopoid genera such as Eucyclops 
and Acanthocyclops, which occurs with changes in ambient 
temperatures. Rylov's treatment of brachycercus as a variety 
of D. crassicaudis seems to be a reasonable provisional tag for 
populations with shorter caudal rami. Appropriate compara- 
tive studies based on both North American and Eurasian 
material will be necessary to resolve the problem of the rela- 
tionships among these and other morphs of the complex. 
Ideally, such studies should be based on specimens collected 
year-round from several populations at various latitudes, and 
will necessitate examination of intra- and inter-populational 
variations of subtle meristic characters as well as body pro- 
portions. 

The known distribution of Diacyclops crassicaudis s. str. 
and var. brachycercus in North America extends from north 
of the Arctic Circle to the southern United States. Diacyclops 
crassicaudis s.str. has been collected from the Adelaide Penin- 
sula and St. Mathew Island (Reed 1959, 1963; E. B. Reed, 
personal communication, 199 1 ), Saskatchewan, and probably 
Mississippi (Harris 1973, 1978). Diacyclops crassicaudis var. 
brachycercus is known from Cape Thompson, Alaska (Tash 
1971 ; Tash and Armitage 1967), the Yukon Territory (Reed 
199 1 ), Quebec (Willey 1925), Ontario (Williams 1989), New 
York (Kiefer 1929; Strayer 1989a), Wisconsin (Torke 1976), 
North Carolina (Coker 1938; Yeatman 1943, 1944), South 
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Carolina (Taylor and Mahoney 1990), Tennessee (Bunting 
1973), and Texas (Reddell 1965; Reddell and Mitchell 1969). 
As in Europe, most of ,the records are from small ephemeral 
ponds or  puddles (Bunting 1973; Coker 1938; Reed 1991 ; 
Tash 1971 ; Tash and Armitage 1967; Taylor and Mahoney 
1990; Torke 1976; Willey 1925; Yeatman 1943, 1944), but 
groundwater-related records are also numerous (Kiefer 1929, 
moss; Reddell 1965; Reddell and Mitchell 1969, a cave; Reed 
1959, 1963, head of a river; Strayer 1989a, springs and seeps; 
Williams 1989, stream hyporheic zone). The record by Harris 
(1973, 1978) from plankton in large impoundments is unusual. 

It has been repeatedly suggested, most recently by Tash 
(197 1) , that D. crassicaudis s. 1. is cold-stenothermal and that 
lower-latitude populations are glacial relicts. This theory was 
denied convincingly by Kiefer (1923) and Rylov (1948), who 
noted the success of the species in warm waters and the great 
extent of its range in southern latitudes, i.e., to North Africa 
Crete, and Taiwan. The several records from the southern 
United States listed herein add weight to the latter argument. 
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