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Abstract
The freshwater copepod genus Eucyclops contains many supposedly cosmopolitan species whose taxono mic 
status is still under discussion; some of them represent species complexes. The problem is not exclusive to 
these widespread species; there are several American Eucyclops needing a taxonomic re-evaluation. Based on 
the examination of Friedrich Kiefer’s collection in Karlsruhe, Germany, the type specimens of four American  
species of Eucyclops (E. delachauxi (Kiefer, 1926), E. prionophorus Kiefer, 1931, E. bondi Kiefer, 1934,  
E. leptacanthus Kiefer, 1956) were re-examined and redescribed using upgraded descriptive standards. Kiefer’s 
translated descriptions and unpublished original drawings of these species are also presented. Characters like 
the ornamentation of the antennal basis, ornamentation of intercoxal sclerites of the swimming legs 1–4, length 
of basipodal seta of leg 1, ornamentation of caudal rami, the presence of aesthetascs and modified setae on the  
antennules in male, and the structure of the male sixth leg are compared herein to aid a more accurate separation  
of these American species. A revision of the American records of these species confirms that some are likely  
to refer to undescribed species. Overall, the diversity of the American Eucyclops appears to be underestimated  
and certainly deserves further study.
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Introduction

The freshwater genus Eucyclops Claus, 1893 is currently known to contain more than 
108 species and subspecies (Alekseev and Defaye 2011), thus being one of the most 
speciose genera among the Cyclopoida. Only a few species have been completely de-
scribed following upgraded standards; in addition, the genus taxonomy was based, 
until recent years, on a small number of highly variable characters. Consequently, 
Eucyclops has a complex taxonomic history that includes several widely distributed 
species with an uncertain status (Collado et al. 1984; Reid 1985; Ishida 1997; Suárez-
Morales 2004; Mercado-Salas et al. 2012).

The taxonomic problems within this taxon started with the incomplete descrip-
tion of the type species of the genus: Eucyclops serrulatus (Fisher, 1851) from Russia 
(Alekseev et al. 2006). One of the first researchers in pointing out these deficiencies 
was Friedrich Kiefer. In his description of Eucyclops delachauxi (Kiefer, 1925) and in 
a subsequent paper on the Peruvian copepod fauna (Kiefer 1926) he stated that the 
systematics and geographical distribution of this group were far from being under-
standable if every single Cyclops with “serra” was identified as E. serrulatus and if other 
characters (besides the “serra”) were not incorporated into the delimitation of species. 
He also noticed that the serrulatus-group as a whole, rather than its member taxa, was 
cosmopolitan and ubiquitous as it had been previously assumed. After Kiefer´s studies, 
many species were described all over the world, but most scientists further continued 
using a reduced number of variable characters only. The morphological definition of E. 
serrulatus and its cosmopolitan status remained unchallenged until recent years. Alek-
seev (1990, 2008, 2010), Ishida (1997, 2001, 2002, 2003), Alekseev et al. (2006), and 
Alekseev and Defaye (2011) have been the pioneers solving the taxonomical problems 
among the Eucyclops taxa, with the delimitation of the “serrulatus-like” and “spera-
tus-like” species from Japan, and the serrulatus-group worldwide. The comparison of 
new characters such as the ornamentation of the antennal basis, the ornamentation 
of swimming legs (especially the fourth), and the integumental pore signature have 
revealed consistent differences among species, which were previously overlooked and 
should be verified in the rest of the species of the genus.

In a project to explore the species diversity of the genus Eucyclops in Mexico, the 
type material of some of these species was examined. There are four species described 
by Kiefer, which have been recorded in Mexico: Eucyclops delachauxi (Kiefer, 1925), 
E. prionophorus Kiefer, 1931, E. bondi Kiefer, 1934 and E. leptacanthus Kiefer, 1956 
(Suárez-Morales and Reid 1998, Grimaldo-Ortega et al. 1998; Elías-Gutiérrez 2000; 
Rodríguez-Almaraz 2000; Suárez-Morales 2004, Mercado-Salas 2009; Suárez-Morales 
et al. 2010; Mercado-Salas and Suárez-Morales 2012). In order to clarify the taxonom-
ic identity of the Mexican material, the type specimens were examined at the Staatli-
ches Museum für Naturkunde, Karlsruhe (Germany) where F. Kiefer´s collection is 
held. Herein we present the redescription of the four species mentioned above using 
upgraded standards; we also include Kiefer’s unpublished original illustrations. In ad-
dition, we provide English translations of the original descriptions, in order to make 
Kiefer’s detailed observations and complementary unpublished data available.
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Methods

In order to provide an upgraded morphological redescription of E. delachauxi, E. pri-
onophorus, E. bondi, and E. leptacanthus, we examined the type material of Kiefer´s 
collection deposited at the Staatliches Museum für Naturkunde Karlsruhe (Germany). 
Drawings were made at 1000× with a Zeiss Axioskop 2 plus compound microscope 
equipped with a camera lucida. Mapping of rows of spinules and setules on the anten-
nal basis and on the coxopodite and intercoxal slerite of P4 followed Alekseev et al. 
(2006) and Alekseev and Defaye (2011). Abbreviations used in the descriptive section 
are as follows: P1-P4, first to fourth thoracic limbs; Exp, exopod; Enp, endopod; s, 
seta(e); ae, aesthetasc; sp, spine; Bsp, basis; Fu, caudal ramus. Nomenclature used for 
armament of the antennule and antenna followed Alekseev et al. (2006) and Alekseev 
and Defaye (2011). Caudal seta nomenclature as follows: II – anterolateral (lateral) 
caudal seta; III – posterolateral (outermost) caudal seta; IV – outer terminal (terminal 
median external) caudal seta; V – inner terminal (terminal median internal) caudal 
seta; VI – terminal accessory (innermost)caudal seta; VII – dorsal seta.

Results

For each of these four species we present first the complete translation from German 
to English of Kiefer´s description, followed by an upgraded description based on our 
personal observations on Kiefer´s material. Characters or structures not observed but 
previously published by other researchers are included in the descriptions with its refer-
ence. Figures mentioned in the translated text correspond to the numbers of the figures 
in the original descriptions published by Kiefer (1925, 1931, 1934, 1956).

Order Cyclopoida Rafinesque, 1815
Family Cyclopidae Rafinesque, 1815
Subfamily Eucyclopinae Kiefer, 1927
Genus Eucyclops Claus, 1893

Eucyclops delachauxi (Kiefer, 1925)
Figs 1–7

Cyclops delachauxi (Kiefer, 1925)
Cyclops delachauxi (Kiefer, 1926)
Eucyclops (Eucyclops) delachauxi Kiefer, 1929
Cyclops Delachauxi Kiefer, 1925
Cyclops Delachauxi Kiefer, 1926
Eucyclops (Eucyclops) Delachauxi, Kiefer, 1929
Eucyclops Delachauxi Kiefer, 1943
Eucyclops delachauxi Lindberg, 1955, 1957



Nancy F. Mercado-Salas & Eduardo Suárez-Morales  /  ZooKeys 402: 1–41 (2014)4

Kiefer´s description.
a) The female: the general appearance as Cyclops serrulatus. Fifth segment of cephalo-
thorax with lateral hair-setae. Last abdominal segment longer than the previous one. 
Caudal rami parallel, relatively short, about four times as long as wide; outer edge with 
serra, this is formed by a small number of (4–10) rather long, slender spinules. Inner 
edge naked (Fig. 1). Of the four setae on the end (apical), only the two median setae 
are strongly developed, the longest is approximately twice the length of the other, with 
fine plumage, almost the entire length is homogeneous, the innermost apical hair-like 
seta is as long as or slightly longer than the outermost seta, more similar to a spine. 
First antenna twelve–segmented, reaching only a little above of the posterior margin of 
the first segment of cephalothorax; the last three segments with a narrow hyaline mem-
brane; the seta of the last member originates in the middle of the edge. The branches of 
all swimming legs with three segments. The terminal segment of the endopod of fourth 
leg is, usually, exactly twice as long as wide and its two setae on the inner margin and 
single seta on the outer margin are formed normally. Of the two apical spines, the in-
nermost is strongly curved outside and it is longer than the segment, the outermost is 
just as long as the segment (Fig. 4). The rudimentary leg is a monomial plate; the inner 
edge is slightly distended, of the three elements the medial is significantly longer than 
the other two, which are approximately equal in length, the inner spine is, at its inser-
tion, about twice as wide as one of the two setae (Fig. 2). The seminal receptacle was 
not correctly identified in the preserved animals (Fig. 1). Total length about 950 µm.

b) The male: slender and slightly smaller than the female. Last abdominal segment 
also noticeably longer than the previous one, its posterior margin provided on ventral 
side with only very few spinules, as well as in the female. Caudal rami parallel, also 
four times as long as wide. The serra is missing on the outer edge. Ratios and plumage 
of the two middle apical setae as in the female. Of the two short terminal setae in the 
male the inner seems to be always longer than the outer (Fig. 3). The final segment of 
the endopod of the fourth pair of legs with its setae and apical spines as in the female 
(Fig. 4); the fifth leg as well. The shape of the genital valve reinforcement is best seen 
in the figure (Fig. 5).

This Cyclops, of the numerous “serrulatus-like” that I know cannot be identified as 
one, it comes from two closely located lakes in the Andes of Peru (Huaron and Na-
ticocha, 5140 m high) and has been collected by Ing. E. Godet in 1915. It is named 
after Dr. Th. Delachaux, Neuenburg, which I am indebted for the provision of his 
Cyclopoida material. The above description must be regarded as provisional. A more 
detail, equipped with longer pictures in the description of the Cyclops-forms from the 
mentioned lakes will be published in Archives of Hydrobiology.

Description based on Kiefer´s material.
Material examined. Holotype. Adult ♀ From Huaron, central highlands of Peru, spec-
imen dissected (slide reference numbers SMNK00248, SMNK00249, SMNK00250). 
Additional material (adult ♂) from Lake Naticocha, Peru (slide reference number 
SMNK00253). Both Lake Huaron and Naticocha 5140 m high, samples collected 
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by Ing. E. Godet in 1915. Deposited at the Staatliches Museum für Naturkunde 
Karlsruhe, Germany.

Female: Average length excluding caudal setae 950 µm. Five-segmented urosome 
(Figs 1A; 5A), relatively elongated; posterior margin of anal somite with one row of 
strong spinules. Genital double-somite symmetrical. Seminal receptacle typical of ser-
rulatus-group, with rounded lateral arms. Genital double-somite 1.3 times as long as 
wide. Anal somite with a group of spinules at each side of anal opening, anal operculum 
rounded (see Fig. 2A). Length/width ratio of caudal ramus = 3.5–4.4; inner margin of 
caudal ramus naked. Serra with strong spinules covering 19.4–43% of outer margin, 
spinules about the same size (Figs 2B, 5B). Dorsal seta (VII) long: 0.6 times the length 
of caudal ramus and 0.9-1.0 times as long as outermost caudal seta (III). Ratio of inner-
most caudal seta (VI)/outermost caudal seta (III) = 1.1. Lateral caudal seta (II) inserted 
at 63–72% of caudal rami. All terminal caudal setae plumose.

Antennule (Figs 2C, 5C): 12-segmented. Armament per segment as follows (s = 
seta, ae = aesthetasc, sp = spine):1(5s), 2(3s), 3(2s), 4(5s), 5(2s), 6 (1s+1sp), 7(0s), 
8(3s), 9(2s), 10(2s), 11(2s), 12(8s). Numbers in bold face indicate segments with in-
complete ornamentation.

Antenna (Fig. 5D): Basis (2s + Exp), and 3-segmented Enp (1s, 8s and 6s). Basis 
ornamentation as follows (sensu Alekseev and Defaye 2011): N1(V), N2(4), N3(4), 
N4(6), N5(16), N6(6), N7(5), N8(3), N9(4), N10(3), N11(9), N12(6), N13(10), 
N14(3), N15(6), N16(2), N17(8).

Labrum, Maxillule, and Maxilliped not observable in the slides.

Table 1. Setation formula of the swimming legs in the types (females and males) of the four Eucyclops 
species here studied; (spines in Roman numerals, setae in Arabic numerals). (–) represents structures not 
observed on the type material.

Species Coxa Basis Exp Enp

E. delachauxi

P1
P2
P3
P4

0-1
-

0-1
-

1-I
-

1-0
-

I-1; I-1; III-5
-, - , -

I-1; I-1; IV-5
-, - , -

0-1; 0-21-I-4
-, - , -

0-1; 0-2; 1-I-4
-, -, 1-II-2

E. prionophorus

P1
P2
P3
P4

0-1
-

0-1
0-1

1-I
-

1-0
1-0

I-1, I-1, III-5
-, - , -

I-1, I-1, IV-5
I-1, I-1, III-5

0-1, 0-2 1-I-4
-, - , -

0-1, 0-2, 1-I-4
0-1,0-2, 1-II-2

E. bondi

P1
P2
P3
P4

0-1
0-1
0-1
0-1

1-I
1-0
1-0
1-0

I-1, I-1, III-5
I-1, I-1, IV-5
I-1, I-1, IV-5
I-1, I-1, III-5

0-1, 0-2, 1-I-4
0-1, 0-2, 1-I-4
0-1, 0-2, 1-I-4
0-1, 0-2, 1-II-2

E. leptacanthus

P1
P2
P3
P4

0-1
0-1
0-1
-

1-I
1-0
1-0
-

I-1, I-1, III-5
I-1, I-1, IV-5
I-1, I-1, IV-5

-, - , -

0-1, 0-2, 1-I-4
0-1, 0-2, 1-I-4
0-1, 0-2, 1-I-4

-, -, 1-II-2
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Figure 1. Eucyclops delachauxi (Kiefer, 1925). Original drawings of F. Kiefer. Female Holotype from 
Huaron, Peru. A Urosome, ventral view B Caudal rami C P5. Scale bars: A–B = 50 µm, C = 20µm.
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Figure 2. Eucyclops delachauxi (Kiefer, 1925). Original drawings of F. Kiefer. Female Holotype from 
Huaron, Peru. A Anal somite, dorsal view B Caudal rami C Antennule, segments 10–12 D Praecoxa of 
maxilla E P6. Scale bars: A–D = 50 µm, E = 20µm.
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Figure 3. Eucyclops delachauxi (Kiefer, 1925). Original drawings of F. Kiefer. Paratype from Huaron, 
Peru. A Last urosomites and furca B Enp3P4. Scale bars: A–B = 50 µm.
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Figure 4. Eucyclops delachauxi (Kiefer, 1925). Original drawings of F. Kiefer. Male Paratype from Na-
ticocha, Peru. A–C P6 and urosomites, ventral. Scale bars: A–C = 50 µm.
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Figure 5. Eucyclops delachauxi (Kiefer, 1925). Author´s drawings. Female Holotype from Huaron, 
Peru. A Urosome, ventral view B Caudal ramus C Antennule D Antenna E Mandible (part). Scale bars: 
A = 100 µm; B–C = 50 µm; D–E = 20µm.

Mandible (Fig. 5E): with 6 tooth on gnathobase. Innermost margin with 1 spinu-
lose seta.

Maxilla (Fig. 2D): Precoxa with row of small spinules on dorsal surface.
P1-P4: Endopod and exopods of all swimming legs 3-segmented. Armature for-

mula as in Table 1.
Leg 1 (Fig. 6A): Group of small hairs present in each side on anterior surface of in-

tercoxal sclerite, distal margin with 2 rounded chitinized projections. Basipodal spine 
reaching middle length of Enp3, 0.8 times as long as Enp.

Leg 2 and 3: General shape as in Fig. 6B–D.
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Figure 6. Eucyclops delachauxi (Kiefer, 1925). Author´s drawings. Female Holotype from Huaron, Peru. 
A P1 B P2 C–D P3. Scale bars: A–D = 50 µm.
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Figure 7. Eucyclops delachauxi (Kiefer, 1925). Author´s drawings. Male Paratype from Huaron, Peru. 
A Urosome, ventral view B Antennule. Scale bars: A–B = 50 µm.
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Leg 4 (Fig. 3B): Intercoxal sclerite with short hairs in rows I, II, III. Coxopodite 
with row A, B (3-4), C+D (21), E (5), F and H (from Alekseev and Defaye 2011). 
Enp3P4: segment length/width ratio = 2.0-2.4; inner spine/outer spine = 1.1; inner 
spine /length of segment = 1.0; outer spine /length of segment = 0.9. Lateral seta of 
Enp3P4 inserted at 69% of the total length of the segment. Setae of Enp3P4 long and 
slender; lateral seta reaching beyond apical margin of inner spine (arrowed in Fig. 3B).

Leg 5 (Fig. 1C): One free segment subrectangular, 1.4–1.8 times as long as wide, 
bearing 1 inner spine and 2 setae; medial seta about 1.7 times longer than outer seta. 
Inner spine 1.2–1.6 times longer than outer seta and 0.5–0.8 times as long as median 
seta. Inner spine 2.0–2.2 times as long as segment length.

Leg 6 (Fig. 2E): Represented by small, flat plate with 1 slender and long seta and 2 
small spines. Outer seta notably long, 12 times longer than medial spine and 6 times 
longer than inner spine.

Male: Urosome 6-segmented, posterior margin of urosomites serrated (Figs 4, 7A). 
Caudal ramus rectangular, 2.8–4.0 times as long as wide; inner margin of caudal ra-
mus naked. Dorsal seta (VII) 0.6 times as long as caudal ramus, and 1.1 times as long 
as outermost caudal seta (III). Length ratio of innermost caudal seta (VI)/outermost 
caudal seta (III) = 1.2. Lateral caudal seta (II) inserted at 70% of caudal rami length. 
All terminal caudal setae plumose.

Antennule (Fig. 7B): ornamentation per segment incomplete to described in details.
Leg 5 (Fig. 7A): segment subrectangular in shape, 1.5 times longer than wide,
bearing 1 inner spine and 2 setae; medial seta about 1.4 times longer than outer 

seta. Inner spine 0.8 times longer than outer seta and 0.6 times as long as medial seta.
Leg 6 (Figs 4, 7A): Represented by one small, flat plate placed near lateral margin 

of genital somite with 1 strong, long inner spine and 2 unequal setae. Inner spine 
reaching medial length of fourth urosomite. Inner spine about 1.3–1.8 times longer 
than medial seta and about 1.4–2.0 times longer than outer seta.

Remarks. In the publication posterior to the description of E. delachauxi made by 
Kiefer (1926) he pointed out the taxonomic problems within the genus derived from 
improperly weighted characters used for the species determinations. He encouraged the 
exploration and use of additional structures to achieve a more accurate definition of spe-
cies in order to establish consistent patterns both taxonomically and biogeographically. 
Since its description, E. delachauxi has been recorded in Mexico, Colombia and Peru 
(Harding 1955; Gaviria 1994; Del Río and Valdivia 1989; Rodríguez-Almaráz 2000; 
Suárez-Morales 2004; Elías-Gutiérrez et al. 2008), but none of the records includes 
drawings or descriptions of the specimens that might allow us to compare them with 
the type material and confirm these records. In the original description, the length/
width proportion of the Enp3P4 (2.0–2.4) was stated as a distinguishing character of 
this species but it is shared with other species (v. gr. E. prionophorus, E. leptacanthus, 
E. bondi, E. pseudoensifer) related to E. delachauxi, thus making it less informative to 
separate species. Another character remarked by Kiefer (1925) is the ornamentation of 
the outer margin of the caudal rami, which in comparison to other species is weakly 
ornamented, usually bearing 4–6 spinules; yet a significant variation has been observed, 
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7–8 (our observations ) to sometimes 10 or 17 spinules. In a recent revision of the E. 
serrulatus-complex, Alekseev and Defaye (2011) mentioned another particular feature 
of this species, namely the relative length of the lateral seta on Enp3P4 in comparison 
to the length of the apical outer spine (lateral seta is as long as or even longer than the 
inner spine), a characteristic that is unique in the American representatives of Eucyclops. 
As mentioned by Kiefer, records of species should be consistent both taxonomically and 
geographically; hence, the records of E. delachauxi from Mexico of this probably South 
American species could be assignable to a different species. Until recently, E. delachauxi 
has been identified by less reliable characters, as described above. The observations in-
cluded in Kiefer ‘s works (1925, 1926) about the ornamentation of caudal ramus were 
excluded by recent taxonomist and therefore many of the specimens recorded under the 
name of E. delachauxi could include records related to related species or even to species 
not yet described.

Eucyclops prionophorus Kiefer, 1931
Figs 8–13

Eucyclops (s. str.) prionophorus Kiefer, 1931
Eucyclops prionophorus, Yeatman, in: Edmonson 1959, Smith and Fernando 1977, 

1978, Harris 1978)
Eucyclops prionophorus, Einsle 1992

Kiefer´s description. The female: Caudal rami slender, four times as long as wide, row 
of spinules on the outer margin, distal spinules are longer and proximal spinules are 
slender (Fig. 2). First antenna twelve-segmented, slightly shorter than the cephalotho-
rax, with a narrow hyaline membrane along the margin of last three segments. Spine 
formula of exopods of four swimming legs is 3443. Fifth leg with one segment, bear-
ing 3 elements, of which the inner spine at its insertion is twice as wide as both other 
setae. Seminal receptacle is similar to that in E. serrulatus. Length excluding caudal 
setae 0.94 mm.

The male: Spine of genital plate (P6) extremely long, longer than the genital segment, 
with two short, slender, plumose setae. Body length excluding caudal setae 0.8 mm.

Distribution. North America, close to New Heaven.

Description based on Kiefer´s material.
Material examined. Holotype. Adult ♀collected 05.05.1929 from New Haven, USA. 
Specimen dissected (slide number SMNK01508). Additional material from San Ber-
nardino, Paraguay (slides numbers SMNK03103, SMNK03104). Staatliches Museum 
für Naturkunde Karlsruhe, Germany.

Female: (Unless otherwise stated the character states are same in the holotype and in 
the Paraguay specimen) Average length excluding caudal setae 940 µm. Urosome 5-seg-
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mented (Fig. 11A), relatively elongated; urosomal fringes smooth or slightly serrated, 
posterior margin of anal somite with 1 row of relatively long spinules. Genital double-
somite symmetrical(Fig. 9A). Seminal receptacle typical of the serrulatus-group, with 
rounded lateral arms on posterior margin. Genital double-somite slightly wider than 
long (about 1.1 times). Anal somite with one row of hair-like spinules in each side of anal 
opening, anal operculum slightly rounded (Figs 10C, 11B). Length/width ratio of caudal 
ramus = 4.0–4.5; inner margin of caudal ramus naked in specimens from New Haven 
and with groups of small spinules in specimens from San Bernardino (see Fig 11A). 
Serra on outer margin with strong spinules covering 65–68% of lateral margin, spinules 
increasing in size distally (Figs 8A, 10C, 11B). Dorsal seta (VII) short, 0.4–0.6 times the 
length of caudal ramus, and 0.5–0.6 times as long as outermost caudal seta (III). Length 
ratio of innermost caudal seta (VI)/outermost caudal seta (III) =1.0–1.1. Lateral caudal 
seta (II) inserted at 75–77% of caudal ramus. All terminal caudal setae plumose.

Antennule (Fig. 11C): 12-segmented. Armament per segment as follows (s = seta, 
ae = aesthetasc, sp = spine):1(6s), 2(4s), 3(2s), 4(4s), 5(1s), 6 (1s), 7(2s, with small 
projection on inner margin, arrowed in Fig. 11C), 8(3s), 9(2s), 10(2s), 11(2s), 12(5s). 
Numbers in bold indicate segments with incomplete ornamentation.

Antenna, mouthparts and Leg 2: not observable in slides.
P1-P4: Endopods and exopods of all swimming legs 3-segmented. Armature for-

mula of all swimming legs as in Table 1.
Leg 1 (Fig. 12A): New Haven: Intercoxal sclerite without ornamentation and with 

2 rounded chitinized projections. Coxa with strong biserially setulated inner coxal seta. 
Basipodal spine not reaching middle length of Enp 3; basipodal spine 0.6 times as long 
as total length of Enp. Third segment of Enp 1.5 times as long as wide, apical spine of 
Enp3 1.4 times longer than segment, apical most seta of Enp3 1.2 times longer than 
apical spine. Spines of Exp slightly elongated. San Bernardino: intercoxal sclerite not 
available. Basipodal spine reaching beyond middle length of Enp3; basipodal spine 
0.75 times as long as total length of Enp. Third segment of Enp 1.2 times as long as 
wide, apical spine of Enp3 1.2 times longer than segment; apicalmost seta of Enp3 1.6 
times longer than apical spine.

Leg 3 (Fig. 12B): No ornamentation observed on intercoxal sclerite, distal margin 
with 2 rounded projections. Coxa with strong, biserially setulated inner coxal seta. 
Coxa with row of tiny spinules along outer margin. Enp3 1.7–1.8 times as long as 
wide, apical spine on Enp3 1.2 times as long as segment, Exp3 1.5–1.7 times as long 
as wide, apicalmost spine of Exp3 1.1 times as long as segment.

Leg 4 (Fig. 12C–D): Intercoxal sclerite with rows I, II and III. Row I with 7 long 
spinules in each side and a small gap between. Row II with 6 spinules on middle 
margin. Row III divided in 3 sections, first one with 3 short spinules, middle sec-
tion with 2 short spinules and third section with 2–3 short spinules (all observed in 
San Bernardino´s specimens). Caudal coxal surface with spinule formula: A, B (4), 
C+D (6) (sensu Alekseev and Defaye 2011). Coxal spine with heteronomous setula-
tion: with long hairs basally, and spinules distally; lateral edge of coxal spine with 3 
spinules apically, proximal part naked. Enp3P4: segment length/width ratio = 2.0–2.5; 
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Figure 8. Eucyclops prionophorus Kiefer, 1931. Original drawings of F. Kiefer. A Female Holotype B fe-
male Paratype A, C–E from New Haven, U.S.A. A Caudal rami B Enp3P4 C–D P5 E P6. Scale bars: 
A = 50 µm; B–E = 20µm.
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Figure 9. Eucyclops prionophorus Kiefer, 1931. Original drawings of F. Kiefer. Female A Male B–C from 
San Bernardino, Paraguay. A Genital double-somite and P5 B P5 C P6. Scale bars: A, C = 50 µm, B = 20µm.
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Figure 10. Eucyclops prionophorus Kiefer, 1931. Original drawings of F. Kiefer. Female B–C Male 
A from San Bernardino, Paraguay. A Genital somite and P6 B Enp3P4 C Anal somite and caudal rami. 
Scale bars: A–C = 50 µm.
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Figure 11. Eucyclops prionophorus Kiefer, 1931. Authors’drawings. Female from San Bernardino, Paraguay. 
A Urosome, dorsal view B Anal somite and caudal rami C Antennule D P5. Scale bars: A–C = 100 µm, 
D = 20µm.
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Figure 12. Eucyclops prionophorus Kiefer, 1931. Authors´drawings. Female from San Bernardino, Paraguay. 
A P1 B P3 C P4 D Exp P4. Scale bars: A–D = 50 µm.
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Figure 13. Eucyclops prionophorus Kiefer, 1931. Authors´drawings. Male from San Bernardino, Paraguay. 
A Urosome, ventral view B Antennule C P1 D P3 E P4. Scale bars: A = 100 µm, B–E = 50µm.
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inner/outer spines = 1.1–1.5; inner spine/segment length = 1.0–1.5; outer spine/seg-
ment length = 0.8–1.1. Lateral seta of Enp3P4 inserted at 60–70% of the total length 
of segment. Modified setae present on Enp3P4 in specimens from Paraguay. Enp3 
setae long in specimens from New Haven and Paraguay. Exp3 1.6–1.8 times as long as 
wide, apicalmost spines of Exp3 0.9–1.2 times as long as segment.

Leg 5 (Figs 8C–D, 9A, 11D): Free segment subrectangular, 1.4–1.8 times longer 
than wide, bearing 1 inner spine and 2 setae; median seta longer than outer seta (1.0–
1.7 times) and 1.3–1.6 times times longer than inner spine. Inner spine 1.7–2.0 times 
as long as segment.

Male: Average length excluding caudal setae 800 µm. Urosome 6-segmented, poste-
rior margin of urosomites smooth. Caudal ramus 3.5 times as long as wide, inner margin 
naked. with a group of spinules present at insertion of lateral seta. Ratio of innermost 
caudal seta (VI)/outermost caudal seta (III) = 1.6. All terminal caudal setae plumose.

Antennule: 1-segmented (Fig. 13B), armament per segment as follows (s = seta, mod-
ified seta = ms, ae = aesthetasc, sp = spine): 1(6s + 2ms + 1ae); 2(42 + 1ms); 3(2s+3ms 
+1ae); 4(1s); 5(1s); 6(0); 7(1s); 8(2s); 9(1s +1sp); 10(0); 11(0); 12(0); 13(2s); 14 (4s).

Leg 5: Free segment subrectangular, 1.4 times longer than wide, bearing 1 inner 
spine and 2 setae; median seta longer than outer seta (about 1.3 times).

Inner spine 0.6 times longer than outer seta and 0.4 times as long as median seta.
Leg 6 (Figs 8E, 9C, 10A, 13A): Represented by small, low plate near lateral margin 

of genital somite, armed with 1 strong and long inner spine and 2 unequal setae. Inner 
spine not reaching half length of fourth urosomite. Inner spine about 1.6–2.5 times 
longer than median seta and 1.2–1.8 times longer than outer seta.

Remarks. Since its description in 1931 from a material collected in the USA, 
Eucyclops prionophorus has been recorded from various habitats in the Americas includ-
ing the Laurentian Great Lakes in Canada and the USA, the Chihuahuan Desert in 
Mexico, and water bodies in savannahs and deciduous forests in Argentina, Paraguay 
and Uruguay (Kiefer 1936; Czaika 1974, 1978; Robertson and Gannon 1981; Dussart 
and Fernando 1990; Einsle 1992; Reid and Marten 1995; Suárez-Morales and Reid 
1998; Grimaldo-Ortega et al. 1998; Suárez-Morales 2004; Suárez-Morales et al. 2010; 
Mercado-Salas and Suárez-Morales 2012). In the description made by Kiefer (1931), 
the key characters of the species include the ornamentation on the outer margin of the 
caudal rami (spinules distally increasing in size), the remarkably strong (wide) spine of 
the fifth leg, and the extremely long spine on the sixth leg of the male. After Kiefer´s 
contribution (1931), the most complete comparisons among populations of E. pri-
onophorus were provided by Einsle (1992) based on American material from Kiefer´s 
collection. In this paper, Einsle stated that the type material of the species was dam-
aged and therefore it couldn’t be used for the redescription of the species. Hence, he 
used the material from Paraguay identified by Kiefer as E. prionophorus to point out 
the main characteristics of the species, as follows: 1) dorsal caudal seta shorter than 
innermost and outermost caudal setae and shorter than caudal ramus; 2) basipodal 
seta of P1 reaching middle of Enp3P1;) setae of exopodites of P3 and P4 transformed, 
spatulate; 4) setae on Enp3 P4 short (differing from Kiefer’s description) and; 5) the 
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outer edge of P5 wider and longer than the central lobe. Our own observations on 
Kiefer´s material from Paraguay, revealed that the main characteristic of E. prionopho-
rus is the short dorsal caudal seta length being shorter than in any other closely related 
species (e.g. E. bondi and E. conrowae), but not as short as in E. pseudoensifer (Dussart 
1984; Suárez-Morales and Walsh 2009). A remarkable feature found in the material 
from Paraguay is the ornamentation of the inner margin of the caudal rami, where we 
observed a group of tiny spinules that was never reported for this species (Fig. 11A). 
This character should be compared in other populations as well, in order to verify its 
diagnostic value: whether it is simple intraspecific variation or a unique species-specific 
character. Another structure that could be useful to distinguish this species from its 
congeners is the ornamentation of the intercoxal sclerite of the fourth leg: in E. priono-
phorus row I includes long and slender spinules (Fig. 12C), while in E. bondi and E. 
conrowae this row always consists of small and strong spinules, and in E. pseudoensifer 
row I consists of very long hairs. In our observations of the specimens identified as E. 
prionophorus from Mexico, we found a possible pattern in the ornamentation of the in-
tercoxal sclerites of legs 3 and 4; in all the specimens possessing strong spinules in row I 
of P4, the intercoxal sclerite ornamentation of P3 also includes spinules, at least in one 
of the three rows of the plate. In case of the individuals possessing long hairs in row 
I of P4, the three rows of the P3 intercoxal sclerite always consist of long hairs. These 
observations will be discussed and compared in another manuscript about the Mexican 
fauna of Eucyclops. Records of E. prionophorus in the Americas appear to be well de-
termined, at least those which include drawings of the caudal rami and the fourth leg, 
showing the characteristics remarked by Kiefer (1931, 1936) and Einsle (1992). Here 
we also present the first illustration of the male antennule (Fig. 13B) of this species; we 
found modified setae on segments 1, 2 and 3 and aesthetascs on segments 1 and 3; this 
pattern differs from the presented by Alekseev et al. (2006) for E. serrulatus, in which 
aesthetascs are reported only on segments 2, 3, 4, 6 and 10.

Eucyclops bondi Kiefer, 1934
Figs 14–17

Eucyclops (s. str) Bondi Kiefer, 1934
Eucyclops (s. str.) Bondi Kiefer, 1936
Eucyclops bondi, Smith and Fernando 1980; Reid 1992

Kiefer´s description.
Female: General aspect as the American E. prionophorus. Caudal rami 3.5 times longer 
than wide, with rami slightly divergent. Inner margin of caudal ramus naked, outer 
margin strongly ornamented with strong spinules. Proximal spines small but distal 
spines long (Fig. 4). Innermost apical seta longer than outermost seta; two middle setae 
show strongly heteronomous plumage.
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Antennule only slightly longer than cephalothorax, bearing 12 segments, last three 
segments with a narrow hyaline membrane along margin.

Swimming legs normally segmented, with spines and setae. Third endopod of P4 
two times longer than wide, inner spine longer than segment and even 1.5 times longer 
than the outer spine. The connecting plate of this leg is hairy on the free margin. Rudi-
mentary leg (P5) with a slender inner spine, inner spine is at its insertion about twice as 
wide as one of the both setae. Seminal receptacle without special characteristics. Total 
length of animals, excluding apical setae of caudal ramus, 720–800 µm.

Male: total length, excluding apical setae of caudal ramus, 580–600 µm. As a main 
characteristic the reinforcement of genital somite (P6) should be considered. Of the 
three elements, the inner spine only measures 22–23 µm, clearly differing from the 
similar North American species E. prionophorus, the outermost plumose seta is longer 
than the spine, the median seta is as long as the spine. In the male of E. prionophorus 
the inner spine is more than three times longer, 71 µm.

Description based on Kiefer´s material.
Material examined. Holotype. Adult ♀collected 16.02.1933 from Trou Caiman, 
Haiti, specimen dissected (slide reference numbers SMNK02079, SMNK02080). Ad-
ditional material from Laguna Rincon, Haiti (slide reference numbers SMNK02393, 
SMNK02394). Staatliches Museum für Naturkunde Karlsruhe, Germany.

Female: Body length excluding caudal setae 720–800 µm. Prosome expanded at 
first and second somite, symmetrical in dorsal view. Urosome 5-segmented (Figs 14C, 
16A–B), relatively elongate. Urosomal fringes strongly serrated, posterior margin of 
anal somite with row of long spinules. Genital double-somite symmetrical. Seminal 
receptacle typical of serrulatus-group, with rounded lateral arms on posterior margin. 
Genital double-somite 1.1 times as long as wide. Anal somite with hair-like spinules in 
anal opening, anal operculum slightly rounded (Fig. 16A). Length/width ratio of cau-
dal ramus = 3.5. Inner margin of caudal ramus naked, outer margin partially covered 
(53–57%) by strong spinules which increase in size distally (Figs 14C, 16B). Dorsal 
seta (VII) long: 0.8 times of caudal ramus length, and 1.26–1.4 times as long as out-
ermost caudal seta (III). Length ratio of innermost caudal seta (VI)/outermost caudal 
seta (III) = 1.07–1.25. Lateral caudal seta (II) inserted at 77–80% of caudal rami. All 
terminal caudal setae plumose.

Antennule (Fig. 16C): 12-segmented, reaching second prosomite; three distal seg-
ments with narrow hyaline membrane. Armament per segment as follows (s = seta, ae = 
aesthetasc, sp = spine): 1(8s), 2(4s), 3(1s), 4(6s), 5(1s), 6 (1s+1sp), 7(1s), 8(3s), 9(2s+1ae), 
10(2s), 11(3s), 12(8s). Numbers in bold indicate segments with incomplete ornamenta-
tion. Aesthetasc of ninth segment short, reaching posterior margin of segment.

Antenna, Labrum and Mandible: not observable in slides.
Maxillule (Fig. 16D): precoxal arthrite with naked surface, with 3 strong chitinized 

distal claws. Spiniform seta on frontal side and palp not observed.
Maxilla (Fig. 16E): praecoxa and coxa partially fused. Praecoxa with 2 armed se-

tae on endite. Coxal surface naked, bearing 1 biserially plumose seta. Distal endite of 
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coxopodite well developed, with 2 apical setae, 1 strong and furnished with spinules 
and the other noticeably thicker and longer. Basal claw of basis with proximal row of 
spinules and 1 chitinized armed seta. Endopod 2-segmented, first segment with 1 seta, 
second with 2 setae.

Maxilliped (Fig. 16F): syncoxa naked, bearing 3 setae. Maxillipedal basis with 1 
seta and no observable additional ornamentation. Endopod 2-segmented: Enp1 with 
1 long, strong seta, Enp2 with 2 setae, proximal 1 chitinized and fused with segment, 
apical seta normal.

P1–P4: Endopod and exopods of all swimming legs three-segmented. Armature 
formula of all swimming legs as in Table 1.

Leg 1 (Fig. 17A): Coxa with strong, biserially setulated inner coxal seta. Basipo-
dal spine long, reaching apical margin of Enp3; basipodal spine as long as endopod. 
Third endopodal segment 1.5 times as long as wide, apical spine of Enp3 0.9 times 
longer than length of Enp3, apicalmost seta of Enp3 1.4 times longer than apical spine. 
Spines of all exopodal segments elongate.

Leg 2 (Fig. 17B): Single group of small spinules in each side on anterior surface of 
intercoxal sclerite. Distal margin of intercoxal sclerite with 2 round chitinized projec-
tions. Coxa with strong, biserially setulated inner coxal seta. Enp3 1.9 times as long as 
wide, apical spine 1.2 times longer than length of Enp3, apicalmost seta of Enp3 1.4 
times longer than apical spine.

Leg 3 (Fig. 17C): Coxa with strong biserially setulated coxal seta. Enp3 2.2 times 
longer than wide, apical spine as long as Enp3, apicalmost seta of Enp3 as long as api-
cal spine. Enp3 and Exp3 with modified setae on.

Leg 4 (Figs 15A–B, 17D–F): Intercoxal sclerite with rows I, II and III. Row I with 
7 strong spinules in each side and small gap in between. Row II with 16–18 spinules, 
row III with 14 strong spinules. Caudal coxal surface with spinule formula as: A, B 
(3), C+D (12), E (2), F, G (2), H, I. Inner spine of coxa with heteronomous setula-
tion: basally with long hair-like setules, distally with spine-like setules; lateral edge of 
coxal spine naked. Enp3P4 length/width ratio 2.5; length ratio inner/outer spines of 
Enp3P4 =1.6–1.8; length ratio inner spine in Enp3P4/Enp3P4 = 1.3; length ratio 
outer spines in Enp3P4/Enp3P4 = 0.7. Lateral seta in Enp3P4 inserted at 71% of seg-
ment length. Enp3 and Exp3 with normal setae.

Leg 5 (Fig. 14C): Free segment subrectangular, 2 times longer than wide, with 1 
inner spine and 2 setae; median seta as long as outer seta (1:1) but about 1.3 times 
longer than inner spine. Inner spine 1.6 times as long as segment.

Male: Body length excluding caudal setae 580–600 µm. Urosome 6-segmented, 
posterior margins of urosomites smooth. Caudal rami 2.6 times longer than wide; 
medial margin of caudal ramus naked, strong spines at insertion point of lateral caudal 
seta (II).

Leg 6 (Fig. 15C): Represented by small, flat plate near lateral margin of genital 
double somite with 1 strong short inner spine and 2 unequal setae. Inner spine not 
reaching posterior margin of third urosomite. Inner spine about 0.7 times as long as 
outer seta and as long as median seta.
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Figure 14. Eucyclops bondi Kiefer, 1934. Original drawings of F. Kiefer. Female Holotype from Trou 
Caiman, Haiti. A Prosome 2–5 and genital somite, dorsal view B Prosome 2–5, lateral view C Urosome, 
ventral view D Caudal setae of CR. Scale bars: A–D = 100 µm.
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Figure 15. Eucyclops bondi Kiefer, 1934. Original drawings of F. Kiefer. Female Holotype A–B and 
male Paratype C from Trou Caiman, Haiti. A Intercoxal sclerite and coxal spines P4 B Enp3P4 C P6. 
Scale bars: A–C = 50 µm.
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Figure 16. Eucyclops bondi Kiefer, 1934. Authors´drawings. Female Holotype from Trou Caiman, Haiti. 
A Urosome, dorsal view B Urosome, ventral view C Antennule D Maxillule E Maxilla F Maxilliped. 
Scale bars: A–B = 100 µm; C = 50µm; D–F = 20µm.

Remarks. After Kiefer´s description (1934) of E. bondi, this species has been re-
corded from Colombia, Costa Rica, Cuba, Dominican Republic, Guatemala, Haiti, 
Mexico, Trinidad, and the USA (Florida) (Collado et al. 1984; Reid 1992; Suárez-
Morales et al. 1996; Suárez-Morales and Reid 1998; Grimaldo-Ortega et al. 1998; 
Bruno et al. 2005; Dussart and Defaye 2006; Gaviria and Aranguren 2007; Elías-
Gutiérrez et al. 2008; Mercado-Salas 2009; Suárez-Morales et al. 2010; Suárez-Mo-
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Figure 17. Eucyclops bondi Kiefer, 1934. Authors´drawings. Female Holotype from Trou Caiman, Haiti. 
A P1 B P2 C P3 D P4 E P4, caudal surface F Intercoxal sclerite P4, frontal surface. Scale bars: A–D, 
F = 50 µm, E = 20µm.

rales and Walsh 2009; Mercado-Salas et al. 2012; Mercado-Salas and Suárez-Mo-
rales 2012). There are only a few records that include drawings of the main structures 
used in the identification of this species, thus allowing us to make some comparisons 
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and speculate about their status. The records of E. bondi from Costa Rica made by 
Collado et al. (1984) included drawings of both female and male specimens, and by 
comparing both sexes we conclude that the Costa- Rican records are not assignable 
to E. bondi. One of the main characteristics mentioned in Kiefer´s description of 
this species is the particular shape and length of the three elements of the P6 in the 
males, where the inner spine is particularly short in comparison with the outer seta, 
a characteristic that separates this species from other congeners such as E. delachauxi, 
E. prionophorus and E. pseudoensifer. The specimens depicted in Collado et al. (1984) 
show an inner spine which is at least twice as long as the outer seta, thus diverging 
from E. bondi. The comparison of structures present in the males has been useful 
to separate species of other Eucyclopinae, especially in Paracyclops (Karaytug 1999, 
Karaytug and Boxshall 1999). So, the inclusion of male characters, such as the struc-
ture and armature of P6 and the presence of aesthetascs and modified setae on the 
male antennules appears to be a valuable tool in the separation of the species of Eucy-
clops. Such characters should be incorporated in the current taxonomy of the genus. 
In Mexico there are more than 70 records of E. bondi (Suárez-Morales et al. 1996; 
Grimaldo-Ortega et al. 1998; Suárez-Morales and Reid 1998; Elías-Gutiérrez et al. 
2008; Mercado-Salas 2009; Suárez-Morales and Walsh 2009; Mercado-Salas and 
Suárez-Morales 2012; Gutiérrez-Aguirre and Cervantes-Martínez 2013). In order 
to clarify the taxonomic status of these specimens we reviewed most of the Mexican 
records and we can only confirm the presence of a similar form of the male of E. 
bondi in a single locality in the central state of Aguascalientes that we will discuss in 
a forthcoming paper about the Mexican fauna of Eucyclops. The remaining records 
should be revised and it is probable that many will have to be reassigned to different 
species. Eucyclops tziscao, a species from southeast Mexico that is closely related to E. 
bondi, was described recently; this could represent one of the species to which some 
of the Mexican records of E. bondi could be assigned (Gutiérrez-Aguirre et al. 2013). 
Other records of E. bondi from the Americas that included drawings, but only of 
the females, are by Reid (1992), Suárez-Morales et al. (1996), Grimaldo-Ortega et 
al. (1998), and Elías-Gutiérrez et al. (2008). We looked for the main characteristics 
of the species in the drawings and concluded that the only record safely assignable 
to E. bondi is the one by Reid (1992) from Florida, but we consider that the male 
should be reviewed in order to confirm the species. In our opinion, the other re-
cords (Suárez-Morales et al. 1996; Grimaldo-Ortega et al. 1998; Elías-Gutiérrez et 
al. 2008) do not belong to E. bondi because some important differences were found. 
For instance, the dorsal seta in E. bondi is always longer than the outermost caudal 
seta, while in all other records from Mexico this seta presents an opposite condition, 
a dorsal seta shorter than the outermost caudal seta. We also detected additional dif-
ferences, such as the presence of modified setae on the endopod and exopod of the 
fourth swimming leg in Grimaldo-Ortega et al. (1998) and the presence of hair-like 
spinules on the distal margin of the intercoxal sclerite, while the true E. bondi has 
spines on its distal margin.



On Kiefer’s American Eucyclops (Copepoda, Eucyclopinae): redescriptions and comments... 31

Eucyclops leptacanthus Kiefer, 1956
Figs 18–21

Eucyclops leptacanthus, Kiefer 1956
Eucyclops cf. leptacanthus, Reid 1993
Eucyclops leptacanthus, Mercado-Salas 2009

Kiefer´s description.
Total length of the single female found 0.76 mm, excluding caudal setae. The caudal 
ramus exactly four times as long as wide (82.5µ: 20.5µ). Position and shape of the 
two rami can be seen in Fig 25. Inner margin is naked, outer margin provided with 
a “serra”, extending along almost the entire length of ramus, proximal spinules very 
small, very long spinules at the height of insertion of lateral seta, practically setiform. 
Measurements of setae of caudal rami from the innermost to outermost: 80µ, 356µ, 
198µ, 60µ, length of dorsal seta about 45–50 µ; the ratio, based on the outermost ter-
minal seta, is therefore 1.33: 5.93: 3.30: 1 (0.8). The two longest setae are quite weak 
and heteronomously plumose (Fig. 25).

Twelve-segmented antennules, margin of last three segments with a narrow hya-
line membrane, margin of membrane finely denticulated (Fig. 26). Segmentation and 
setation of the swimming legs as usual, the final segment of the Enp of fourth leg 
with a length/width: 44.5µ: 20.5µ = 2.17. Inner apical spine about 55µ-56µ, notably 
longer than the length of segment and significantly longer than the outer spine which 
measures 35µ (Fig. 28). Segment of rudimentary leg elongated and bearing small and 
slender inner spine (Fig. 29). The seminal receptacle was not perceptible.

The male has not yet been found.
Systematic position. in the complex genus Eucyclops, where many forms exist 

that are similar to the single female specimen found here, a new species can only 
be established when the new form is distinguished by unique characteristics. The 
specimen of Eucyclops herein described possesses a well-developed serra on the cau-
dal rami, a rudimentary leg with a slender inner spine, long apical spines on the last 
segment of endopod of fourth leg, as well as a finely denticulate hyaline membrane 
on the three last segments of the antennule, a combination of characters that I have 
not seen in any of the known Eucyclops species. For this reason I considered it as a 
new species and named as Eucyclops leptacanthus because of its slender spines on the 
fifth and fourth legs.

In the sample 10e I did find another Eucyclops-female. The hyaline membrane on 
the last segments of the antennules is equally finely denticulate; the serra on the caudal 
rami is not particularly remarkable, the inner spine of rudimentary leg is thicker, and 
the apical spine of the last segment of the endopodite of the fourth leg is wider than 
that in the above described species. This specimen must remain undetermined because 
of the few characters that could be seen. The same holds true in the two Eucyclops males 
from sample 11.
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Figure 18. Eucyclops leptacanthus Kiefer, 1956. Original drawings of F. Kiefer. Female Holotype (two 
preparations same specimen) from Lake Orinoco, Venezuela. A Caudal rami B Enp3P4 C P5. Scale bars: 
A = 100 µm; B–C = 50µm.
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Figure 19. Eucyclops leptacanthus Kiefer, 1956. Original drawings of F. Kiefer. Holotype (two prepara-
tions same specimen) from Lake Orinoco, Venezuela. A Last segments of antennule B P1 C Intercoxal 
sclerite P4. Scale bars: A–C = 50 µm.
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Figure 20. Eucyclops leptacanthus Kiefer, 1956. Authors´drawings. Female Holotype from Lake Ori-
noco, Venezuela. A Urosome, ventral view B Antennule, segments 1–10 C Antennule, segments 11–12 
D Antenna. Scale bars: A = 100 µm, B–D = 50µm.

Description based on Kiefer´s material.
Material examined. Holotype. Adult ♀collected 03.11.1952 from Lake Orinoco, 
Barrancas, Venezuela (slides reference numbers SMNK05409, SMNK05410). Staatli-
ches Museum für Naturkunde Karlsruhe, Germany.

Female: Body length of holotype, excluding caudal setae, 760 µm. Urosome 5-seg-
mented (Fig. 20A): relatively elongate; urosomal fringes smooth or weakly serrated. 
Genital double-somite symmetrical. Seminal receptacle typical of serrulatus-group, 
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Figure 21. Eucyclops leptacanthus Kiefer, 1956. Authors´drawings. Female Holotype from Lake Orinoco, 
Venezuela. A P1 B P2 C P3. Scale bars: A–C = 50 µm.
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with rounded, lateral arms in posterior margin. Genital double somite about 1.3 
times longer than wide. Length/width ratio of caudal ramus = 3.9–4.0; inner margin 
of caudal ramus naked; outer margin with strong spinules covering 63–64% of seg-
ment length, spinules distally increase in size (Figs 18A, 20A). Dorsal seta (VII) short, 
0.5 times of length of caudal ramus, and 0.7 times as long as outermost caudal seta 
(III). Ratio of innermost caudal seta (VI)/outermost caudal seta (III) = 1.3–1.4. Lat-
eral caudal seta (II) inserted at 74% of caudal rami. All terminal caudal setae plumose.

Antennule (Figs 19A, 20B–C): 12-segmented. Armament per segment as follows 
(s = seta, ae = aesthetasc, sp = spine):1(7s), 2(3s), 3(1s), 4(6s), 5(1s), 6 (1s+1sp), 7(2s), 
8(3s), 9(2s), 10(2s), 11(3s), 12(7s). Numbers in boldface indicate segments with in-
complete ornamentation.

Antenna (Fig. 20D): Basis (2s + Exp), 3-segmented End (1s, 8s and 7s). Only row 
N17 was observable on basis of the holotype.

Mouthparts: not observable in the slide.
P1–P4: Endopods and exopods of all swimming legs three-segmented. Armature 

formula of all swimming legs as in Table 1.
Leg 1 (Figs 19B, 21A): Coxa with strong, biserially setulated inner coxal seta. Ba-

sipodal spine not reaching middle of Enp3; and 0.7 times as long as endopodal ramus. 
Enp3 1.4–1.7 times as long as wide, apical spine of Enp3 as long as segment Enp3 
(1:1), apicalmost seta of Enp3 1.5–1.8 times longer than apical spine.

Leg 2 (Fig. 21B): No ornamentation observed on intercoxal sclerite, distal margin 
with 2 rounded projections. Coxa with strong, biserially setulated inner coxal seta. 
Enp3 1.6 times longer than wide, apical spine on Enp3 1.3 times as long as segment, 
Exp3 2.2 times as long as wide, apical spines of Exp3 0.9 times as long as segment. No 
modified setae were observed.

Leg 3 (Fig. 21C): No cuticular ornamentation was observed on intercoxal sclerite, 
distal margin with 2 rounded projections. Coxa with strong, biserially setulated inner 
coxal seta. Enp3 2.0 times longer than wide, apical spine on Enp3 1.1 times as long as 
segment, apical seta of Enp3 1.2 times as long as apical spine. Exp3 1.9 times as long 
as wide, apical spine of Exp3 as long as segment (1:1). No modified setae observed.

Leg. 4 (Figs 18B, 19C): Intercoxal sclerite could not be clearly observed. Inner 
coxal spine with heteronomous setulation: basally with long hairs yet distally with spi-
nules; lateral edge of inner coxal spine with 2 apical spine-like setules, proximal surface 
naked. Length/width ratio Enp3P4 = 2.3; length ratio inner/outer spines of Enp3P4 
=1.5; length ratio inner spine of Enp3P4/Enp3P4 = 1.3; length ratio outer spine of 
Enp3P4/Enp3P4 = 0.8-0.9. Lateral seta of Enp3P4 inserted at 67-70% of total length 
of segment. No modified setae were observed.

Leg 5 (Figs 18C, 20A): Free segment subrectangular, 1.8 times as long as wide bear-
ing 1 inner spine and 2 setae; median seta longer than outer seta (about 1.8 times) and in-
ner spine (about 2.6 times). Inner spine noticeably slender, 1.3 times as long as segment.

Remarks. Eucyclops leptacanthus is another species described by Kiefer (1956) 
that has been recorded from Mexico. Additional American records are from Costa 
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Rica, Venezuela and Brazil (Rocha and Botelho 1998; Gutiérrez-Aguirre and Suárez-
Morales 2001; Suárez-Morales 2004; Elías-Gutiérrez et al. 2008; Mercado-Salas 
2009). This species is distinguished from the American congeners by the possession 
of a very slender spine on the female fifth leg and unmodified setae on P1–P4, the 
setae and spines of P1-P4 are relatively longer and narrower than in other species. 
Another characteristic of E. leptacanthus is the remarkably long innermost caudal 
seta, it is 1.3–1.4 times longer than outermost caudal seta and as long or slightly 
shorter than length of caudal ramus. In addition, the basipodal seta is distinctive in 
this species; when compared to some related species, it is short, reaching the proxi-
mal margin of P1 Enp3 whereas this seta reaches at least the middle of this segment 
in most American species of Eucyclops. A character that we couldn’t examine in the 
type material was the ornamentation of the P4 intercoxal sclerite because, as Kiefer 
stated on his drawings (Fig. 19C), the structure was very dirty. Nonetheless, we did 
note that differing from other species the plate was expanded horizontally, clearly 
wider than long. From the drawings presented by Collado et al. (1984), the Costa 
Rican specimens seem to agree with Kiefer’s description, but some differences have 
been detected. The fifth leg presents an outer seta that is only slightly shorter than 
the median seta, while in Kiefer´s description the outer seta is clearly shorter than 
the median seta. Also, the individuals from Costa Rica have short setae on Enp3 
of P4, whereas these setae are long and slender in the type material (as mentioned 
above). The rest of the records from America did not include drawings that would 
allow further comparisons.

Discussion

Among the 108 species and subspecies currently known in the genus Eucyclops, 28 are 
distributed in the Americas, most of the records in the continent are from surveys in 
the Eastern United States, Mexico, Argentina and Brazil (Reid 1985; Suárez-Morales 
2004; Bruno et al. 2005; Frisch and Threlkeld 2005; Alekseev et al. 2006; Gaviria and 
Aranguren 2007; Elías-Gutiérrez et al. 2008; Suárez-Morales and Walsh 2009; Merca-
do-Salas 2009; Suárez-Morales et al. 2010; De los Ríos et al. 2010; Mercado-Salas et al. 
2012). Due to its diversification in different geographic regions and the taxonomical 
problems within the genus, it is likely that the fauna of Eucyclops in the Americas has 
been underestimated. Our analysis of the records of four of the 28 species recorded 
in the Americas revealed that many published records of these species are actually not 
assignable to these species and should be compared and re-checked using upgraded 
descriptive standards in order to clarify their taxonomic and biogeographic status. In 
addition, if we consider that about 40% of the records in the continent have been as-
signed to taxonomically complex and widely distributed taxa such as E. serrulatus, E. 
agilis, and E. speratus, we can have a general idea about how the diversity of the genus 
is underestimated in the Americas.



Nancy F. Mercado-Salas & Eduardo Suárez-Morales  /  ZooKeys 402: 1–41 (2014)38

Acknowledgments

We gratefully acknowledge the support and confidence from Dr. Hans Walter Mitt-
mann, Staatliches Museum Für Naturkunde, Karlsruhe, Germany in allowing us to 
examine the type material of the species included in the present work. He also granted 
permission to include the unpublished original drawings by F. Kiefer in this work. 
We also acknowledge the help, time and patience of Jörg Pertzel and Gerald Islebe 
in translating the original descriptions of the species from German to English. This 
work is part of the first author’s (NFM-S) Doctoral Thesis developed at El Colegio de 
la Frontera Sur (ECOSUR). This contribution was supported by CONACyT project 
133404-Investigación Científica Básica 2009. The comments and suggestions of two 
anonymous reviewers and the ZooKeys editor of Copepoda are deeply appreciated.

References

Alekseev V (2008) Eucyclops albuferensis sp. nov. (Cyclopoida: Copepoda: Crustacea) from Al-
bufera lake, Valencia, Spain. Proceedings of the Zoological Institute RAS 312(1/2): 127–134.

Alekseev V (2010) Two new Eucyclops species (Cyclopiformes: Cyclopidae) from Spain. Zo-
osystematica Rossica 19(2): 171–178.

Alekseev V, Defaye D (2011) Taxonomic differentiation and world geographical distribution 
of the Eucyclops serrulatus group (Copepoda, Cyclopidae, Eucyclopinae). In: Defaye D, 
Suárez-Morales E, von Vaupel Klein JC (Eds) Studies on freshwater Copepoda: a vol-
ume in honour of Bernard Dussart. Koninklijke Brill NV, Leiden, 41–72. doi: 10.1163/
ej.9789004181380.i-566.8

Alekseev V, Dumont HJ, Pensaert J, Baribwegure D, Vanfleteren JR (2006) A redescription of 
Eucyclops (Fischer, 1851) (Crustacea: Copepoda: Cyclopoida) and some related taxa, with a 
phylogeny of the E. serrulatus-group. Zoologica Scripta 35: 123–147. doi: 10.1111/j.1463-
6409.2006.00223.x

Bruno MC, Reid JW, Perry SA (2005) A list and identification key for the freshwater, free-
living copepods of Florida (U.S.A.). Journal of Crustacean Biology 25: 384–400. doi: 
10.1651/C-2538

Collado C, Defaye D, Dussart BH, Fernando CH (1984) The freshwater copepod (Crustacea) of 
Costa Rica with notes on some species. Hydrobiologia 119: 89–99. doi: 10.1007/BF00011948

Czaika SC (1974) Crustacean zooplancton of southwestern Lake Ontario in 1972 during the 
International Field Year for the Great Lakes. In: Proc. 17th Conf. Great Lakes Res., Inter-
national Association Great Lakes Research, 1–16. 

Czaika SC (1978) Crustacean zooplankton of southwestern Lake Ontario in spring 1973 and 
at the Niagara and Genesse River mouth areas in 1972 and spring 1973. Journal Great 
Lakes Research 4: 1–9. doi: 10.1016/S0380-1330(78)72159-3

De los Ríos P, Rivera R, Morrone JJ (2010) Cyclopoids (Crustacea: Copepoda) reported from 
Chilean inland waters. Boletín de Biodiversidad de Chile 2: 10–20.

http://dx.doi.org/10.1163/ej.9789004181380.i-566.8
http://dx.doi.org/10.1163/ej.9789004181380.i-566.8
http://dx.doi.org/10.1111/j.1463-6409.2006.00223.x
http://dx.doi.org/10.1111/j.1463-6409.2006.00223.x
http://dx.doi.org/10.1651/C-2538
http://dx.doi.org/10.1651/C-2538
http://dx.doi.org/10.1007/BF00011948
http://dx.doi.org/10.1016/S0380-1330(78)72159-3


On Kiefer’s American Eucyclops (Copepoda, Eucyclopinae): redescriptions and comments... 39

Del Río ML, Valdivia VR (1989) Copépodos dulceacuícolas de vida libre en el Perú. Familia 
Cyclopidae, Orden Cyclopoida. Boletín Lima 63: 71–80.

Dussart BH (1984) Some Crustacea Copepoda from Venezuela. Hydrobiologia 113: 25–67. 
doi: 10.1007/BF00026592

Dussart BH, Defaye D (2006) World Directory of Crustacea Copepoda of Inland Waters II- 
Cyclopiformes. Backhuys Publishers, Leiden, 354 pp.

Dussart BH, Fernando CH (1990) A review of the taxonomy of five Ontario genera of fresh-
water cyclopoid Copepoda (Crustacea). Canadian Journal of Zoology 68: 2594–2604. doi: 
10.1139/z90-361

Einsle U (1992) Nordamerikanische Arten der Gattungen Eucyclops und Acanthocyclops 
(Crustacea, Copepoda) aus alten Proben der Sammlung F. Kiefer. Andrias 9: 195–210.

Elías-Gutiérrez M (2000) Informe final del Proyecto S050: Microcrustáceos zooplanctónicos 
y litorales del Sureste de México. Comisión Nacional para el Conocimiento y Uso de la 
Biodiversidad, México, 53 pp.

Elías-Gutiérrez M, Suárez-Morales E, Gutiérrez-Aguirre MA, Silva-Briano M, Granados-
Ramírez JG, Garfias-Espejo T (2008) Cladocera y Copepoda de las aguas continentales de 
México. UNAM-FESI-CONABIO-ECOSUR-CONACYT-SEMARNAT, Mexico City.

Frisch D, Threlkeld ST (2005) Flood-mediated dispersal versus hatching: Early recoloniza-
tion strategies of copepods in floodplain ponds. Freshwater Biology 50: 323–330. doi: 
10.1111/j.1365-2427.2004.01321.x

Gaviria S (1994) Los copépodos (Arthropoda, Crustacea) de vida libre de las aguas continen-
tales de Colombia. Revista de la Academia Colombiana de Ciencias Exactas, Físicas y 
Naturales 19: 361–385.

Gaviria S, Aranguren N (2007) Especies de vida libre de la subclase Copepoda (Arthropoda, 
Crustacea) en aguas continentales de Colombia. Biota Colombiana 8: 53–68.

Grimaldo-Ortega D, Elías-Gutiérrez M, Camacho-Lemus M, Ciros-Pérez J (1998) Additions to 
Mexican freshwater copepods with the description of the female Leptodiaptomus mexicanus 
(Marsh). Journal of Marine Systems 15: 381–390. doi: 10.1016/S0924-7963(97)00069-9

Gutiérrez-Aguirre MA, Cervantes-Martínez A (2013) Diversity of freshwater copepods (Maxil-
lopoda: Copepoda: Calanoida, Cyclopoida) from Chiapas, Mexico with a description of 
Mastigodiaptomus suarezmoralesi sp. nov. Journal of Natural History 47(5–12): 479–498.

Gutiérrez-Aguirre MA, Mercado-Salas NF, Cervantes-Martínez A (2013) Description of 
Eucyclops tziscao sp. n., E. angeli sp. n., and range extension of E. festivus Lindberg, 1955 
(Cyclopoida, Cyclopidae, Eucyclopinae) in Chiapas, Mexico. ZooKeys 351: 1–30. doi: 
10.3897/zookeys.351.5413

Gutiérrez-Aguirre MA, Suárez-Morales E (2001) Diversity and distribution of freshwater co-
pepods (Crustacea) in southeastern Mexico. Biodiversity and Conservation 10: 659–672. 
doi: 10.1023/A:1016629407259

Harding JP (1955) The Percy Sladen expedition to Lake Titicaca in 1937. Crustacea, Co-
pepoda. Transaction of the Linnean society of London 3(1): 219–247.

Ishida T (1997) Eucyclops roseus, a new Eurasian copepod, and the E. serrulatus-speratus problem 
in Japan. Japanese Journal of Limnology 58: 349–358. doi: 10.3739/rikusui.58.349

http://dx.doi.org/10.1007/BF00026592
http://dx.doi.org/10.1139/z90-361
http://dx.doi.org/10.1139/z90-361
http://dx.doi.org/10.1111/j.1365-2427.2004.01321.x
http://dx.doi.org/10.1111/j.1365-2427.2004.01321.x
http://dx.doi.org/10.1016/S0924-7963(97)00069-9
http://dx.doi.org/10.3897/zookeys.351.5413
http://dx.doi.org/10.3897/zookeys.351.5413
http://dx.doi.org/10.1023/A:1016629407259
http://dx.doi.org/10.3739/rikusui.58.349


Nancy F. Mercado-Salas & Eduardo Suárez-Morales  /  ZooKeys 402: 1–41 (2014)40

Ishida T (2001) Eucyclops borealis sp. nov. from Alaska, and E. tseshimensis sp. nov. from Tsu-
shima Island, Japan (Crustacea, Copepoda, Cyclopoida). Biogeography 3: 51–57.

Ishida T (2002) Illustrated fauna of the freshwater cyclopoid copepods of Japan. Bulletin of the 
Biogeography Society of Japan 57: 37–106.

Ishida T (2003) Description of Eucyclops serrulatus (Fisher, 1851) (Copepoda, Cyclopoida) from 
Japan, with reference to the degree of difference from specimens from the type locality. 
Biogeography 5: 1–7.

Karaytug S (1999) Genera Paracyclops, Ochridacyclops and key to the Eucyclopinae. Guides to the 
identification of the macroinvertebrates of the continental waters of the World. Backhuys 
Publishers, Leiden, 217 pp. doi: 10.2307/1549244

Karaytug S, Boxshall GA (1999) Antennules of the male of Paracyclops (Copepoda): functional 
significance and their importance in systematic. Journal of Crustacean Biology 19: 371–379.

Kiefer F (1925) Eine neue Süsswasser-Copepode aus Süd-Amerika: Cyclops delachauxi, n. sp. 
Zoologischer Annzeiger 63: 46–47

Kiefer F (1926) Beiträge zur Copepodenkunde. (IV). Sonderabdruck aus dem Zoologischer 
Anzeiger 49: 21–26.

Kiefer F (1931) Zur Kenntnis der freilebenden Süβwassercopepoden, insbesondere der Cyclopiden 
Nordamerikas. Zoologische Jahrbücher 61(5/6): 583–620.

Kiefer F (1934) Neue Ruderfüsskrebse von der Inseln Haiti. Zoologischer Anzeiger 108: 227–233.
Kiefer F (1936) Mitteilungen von den Forschungsreisen Prof. Rahms. Mitteilung VIII. Cyclo-

piden. Zoologiseher Anzeiger 115: 243–249.
Kiefer F (1956) Freilebende Ruderfusskrebse (Crustacea, Copepoda). Calanoida und Cyclo-

poida. In: Gessner F, Vareschi V (Eds) Ergebnisse der Deutschen Limnologischen Vene-
zuela-Expedition 1952, 1: 233–268

Mercado-Salas NF (2009) Diversidad y Distribución de los Cyclopoida (Copepoda) de las zonas 
Áridas del Centro-Norte de México. MSc Thesis, Chetumal. El Colegio de la Frontera Sur, 
Quintana Roo.

Mercado-Salas NF, Pozo C, Morrone JJ, Suárez-Morales E (2012) Distribution patterns of the 
American species of the freshwater genus Eucyclops (Copepoda: Cyclopoida). Journal of 
Crustacean Biology 32: 457–464. doi: 10.1163/193724012X626502

Mercado-Salas NF, Suárez-Morales E (2012) Morfología, diversidad y distribución de los Cy-
clopoida (Copepoda) de zonas áridas del centro-norte de México. II. Eucyclopinae y análisis 
biogeográfico. Hidrobiológica 22(2): 99–124.

Reid JW (1985) Chave de identificação e lista de referências bibliográficas para as espécies 
continentais Sulamericanas de vida livre da Ordem Cyclopoida (Crustacea, Copepoda). 
Boletim de Zoología, Universidade de São Paulo 9: 17–143.

Reid JW (1992) Copepoda (Crustacea) from fresh waters of the Florida Everglades, U.S.A., 
with a description of Eucyclops conrowae n. sp. Transactions of the American Microscopical 
Society 111: 229–254. doi: 10.2307/3226612

Reid JW, Marten GG (1995) The cyclopoid copepod (Crustacea) fauna of non-planktonic 
continental habitats in Louisiana and Mississippi. Tulane studies in Zoology and Botany 
30: 39–45.

http://dx.doi.org/10.2307/1549244
http://dx.doi.org/10.1163/193724012X626502
http://dx.doi.org/10.2307/3226612


On Kiefer’s American Eucyclops (Copepoda, Eucyclopinae): redescriptions and comments... 41

Robertson A, Gannon JE (1981) Annotated checklist of the free-living copepods of the Great 
lakes. Journal Great Lakes Research 7(4): 382–393. doi: 10.1016/S0380-1330(81)72066-5

Rocha CEF, Botelho MJC (1998) Maxillopoda-Copepoda. Cyclopoida. In: Young PS (Ed) Cata-
logue of Crustacea of Brazil. Museu Nacional, Rio de Janeiro, 129–166 (Série Livros N. 6).

Rodríguez-Almaráz GA (2000) Informe final del Proyecto S104: Biodiversidad de los crustáceos 
dulceacuícolas del centro de Nuevo León y noreste de Tamaulipas. Comisión Nacional para 
el Conocimiento y Uso de la Biodiversidad, México D.F.,-México, 33 pp.

Suárez-Morales E (2004) A new species of Eucyclops Claus (Copepoda: Cyclopoida) from 
southeast Mexico with a key for the identification of the species recorded in Mexico. 
Zootaxa 617: 1–18.

Suárez-Morales E, Gutiérrez-Aguirre MA, Walsh EJ (2010) Freshwater Copepoda (Crustacea) 
from Chihuahuan Desert with Comments on Biogeography. The Southwestern Naturalist 
55(4): 525–531. doi: 10.1894/JC-35.1

Suárez-Morales E, Reid JW (1998) An updated list of the free-living freshwater copepods 
(Crustacea) of Mexico. Southwestern Naturalist 43: 256–265.

Suárez-Morales E, Reid JW, Iliffe TM, Fiers F (1996) Catálogo de los Copépodos (Crustacea) 
continentales de la península de Yucatán, México. ECOSUR-CONABIO. México, 298 pp.

Suárez-Morales E, Walsh E (2009) Two new species of Eucyclops Claus (Copepoda: Cyclopoida)  
from the Chihuahuan Desert with a redescription of E. pseudoensifer Dussart. Zootaxa 
2206: 1–22.

http://dx.doi.org/10.1016/S0380-1330(81)72066-5
http://dx.doi.org/10.1894/JC-35.1



