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INTRODUCTION

Rhincalanus (family Eucalanidae) is a small genus
of copepods, consisting of only 4 species: R. nasutus,
R. cornutus, R. rostrifrons, and R. gigas. R. gigas is an
Antarctic, circumpolar species, found only south of
50° S (Lang 1965, Bradford-Grieve et al. 1999). This
species is primarily found in the upper 1000 m of the
water column, although its distribution varies sub-

stantially with location and season (Spiridonov &
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R. rostrifrons inhabits the Pacific and Indian oceans,
while R. cornutus is restricted to the Atlantic Ocean.
The subtropical Rhincalanus species inhabit the epi-
and mesopelagic zones of the water column (Lang
1965), with peaks in abundance often found between
200 and 600 m (Morris & Hopkins 1983, Chen 1986,
Sameoto 1986, Ohman et al. 1998, Vinogradov et al.
2004, Schnack-Schiel et al. 2008).

Rhincalanus rostrifrons and R. cornutus are some-
times considered to be 2 subspecies of R. cornutus:
R. c. rostrifrons and R. c. cornutus (Lang 1965). As
there does not seem to be a consensus on the pre-
ferred nomenclature in the literature (e.g. Longhurst
1985, Arcos & Fleminger 1986, Chen 1986, Sameoto
1986, Vicencio Aguilar & Fernández-Álamo 1996,
Saltzman & Wishner 1997, Fernández-Álamo et al.
2000), we recognize R. rostrifrons and R. cornutus as
separate species, following the most current molecu-
lar-based phylogenies of the Eucalanidae family
(Goetze 2003, 2010).

All 4 Rhincalanus species accumulate wax esters
(WEs) as the primary storage lipid (61 to 92% of total
body lipid in adults), which are often present in a
large oil sac (Lee et al. 1971a, 2006, Lee & Hirota
1973, Graeve et al. 1994, Kattner et al. 1994, Kattner
& Hagen 1995, Sommer et al. 2002, Schnack-Schiel
et al. 2008). Overall lipid content is high, with
reported values ranging from 16 to 69% of dry
weight (DW) (Lee & Hirota 1973, Morris & Hopkins
1983, Kattner et al. 1994, Sommer et al. 2002,
Schnack-Schiel et al. 2008). While this is not surpris-
ing for the high-latitude R. gigas, it is uncommon for
tropical and subtropical species to accumulate large
amounts of lipids, and for the accumulated lipids to
be comprised of WEs (Lee & Hirota 1973).

Thus far, only the lipid profiles (fatty acids and
fatty alcohol components) of Rhincalanus gigas and
R. nasutus have been reported. Both accumulate
18:1(n-9) and 16:1(n-7) fatty acids and 14:0 and 16:0
fatty alcohols in their storage lipids (Lee et al. 1971a,
Graeve et al. 1994, Kattner & Hagen 1995, Schnack-
Schiel et al. 2008). This pattern is unique from many
other well-studied polar copepods, and a specific
fatty acid and alcohol synthesis pathway has been
proposed for R. gigas (Kattner & Hagen 1995), which
R. nasutus
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from measurements on additional copepods from
these same locations (Cass 2011). Rhincalanus nasu-
tus weights were calculated using:

Log(WW)  =  3.22 × Log(TL) − 1.97 (1)

where TL (mm) was total length (R2 = 0.97, p < 0.001,
n = 30). Weights for R. cornutus and R. rostrifrons
were determined using:

Log(WW) = 3.16 × Log(PL) − 1.66 (2)

where PL (mm) was prosome length (R2 = 0.95, p <
0.001, n = 48). DWs were estimated by conversion
from WWs, based on the average percent water of
each species at each location (Cass 2011). Copepods
were re-grouped into batches of 24 to 46 individuals
(each batch comprised a single sample) and refrozen
at −80°C until lipid extraction occurred. Five samples
in total were analyzed: (1) R. cornutus from the GOM
cruise; (2) R. rostrifrons from the 2007 ETNP cruise;
(3) R. rostrifrons from the 2008−2009 ETNP cruise; (4)
R. nasutus from the GOC cruise; and (5) R. nasutus
from the 2007 ETNP cruise.

Lipid was extracted by homogenizing copepods in
2:1 dichloromethane (DCM):methanol (MeOH) using
a tissue grinder. The liquid was then transferred to a
capped centrifuge tube containing a few ml of salt
water (5%) and shaken. Subsequently, the DCM
layer was removed, more DCM was added to the
centrifuge tube, and the process was repeated
 several times. The extracted DCM was dried using
anhydrous sodium sulfate and evaporated using a
rotary evaporator setup, yielding the total lipid
extract.

Separation of the lipid classes was attained with
 silica columns using 5% deactivated silica gel
(Merck silica gel 60, 70−230 mesh;
Wakeham & Volkman 1991). Five of
the resulting fractions were utilized:
WEs, TAGs, free fatty alcoho20 Tw
y8.additiona67ive of
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lipid content, comprising 2.3 to 3.1% of WW and 17.6
to 23.3% of DW.

Lipid classes in all Rhincalanus species were domi-
nated by storage lipids, primarily WEs (Table 2).
Total storage lipid (WE + TAG) was � 88% of the mass

of total lipid. WEs alone accounted for >85% of total
lipid and >94% of storage lipid in R. rostrifrons and
R. nasutus. While R. cornutus accumulated WEs as
the primary storage lipid, WEs only made up 54%
of the total lipid and 62% of total storage lipid. R.
 cornutus TAG comprised 34% of total lipid, whereas
TAG made up � 5% of total lipid in the other species.
For all species, FFAs were the next highest lipid class
(1.5 to 8.2%) after storage lipids, followed by sterols
(0.6 to 4.7%), phospholipids (0.4 to 1.8%), and finally
free fatty alcohols (0.1 to 1.0%).

Storage lipid fatty acids

Rhincalanus rostrifrons and R. cornutus both
showed the same trend in storage lipid fatty acid pro-
files (Table 3). Storage lipid fatty acids (hereinafter
meaning the weighted average of WE and TAG fatty
acids) primarily were composed of 16:0 and 14:0 fatty
acids (67.1 to 84.0%). Other noteworthy components
included fatty acids 16:1(n-7) (2.1 to 5.5%), 18:1(n-9)
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WE TAG FFAlc Sterol FFA P-lip

R. cornutus 54.1 33.9 0.6 1.9 8.2 1.4

R. rostrifrons
2007 85.6 5.2 1.0 4.7 2.6 0.9
2008 96.5 0.5 0.1 0.6 1.8 0.4

R. nasutus
GOC 87.1 4.2 0.4 1.2 5.5 1.5
ETNP 91.6 2.6 0.1 2.4 1.5 1.8

Table 2. Rhincalanus cornutus, R. rostrifrons, and R. nasutus.
Percentage of total lipid mass of each lipid class by species.
R. rostrifrons samples are separated by collection year and
R. nasutus by collection site (GOC: Gulf of California; ETNP:
eastern tropical north Pacific). WE: wax esters; TAG: triacyl-
glycerols; FFAlc: free fatty alcohols; FFA: free fatty acids; 

P-lip: phospholipids

R. cornutus R. rostrifrons
2007 2008

WE TAG TSL P-lip Total FA WE TAG TSL P-lip Total FA WE TAG TSL P-lip Total FA

12:0 0.2 0.2 0.2 1.6 0.3 0.1 0.2 0.1 0.4 0.1 0.1 0.2 0.1 1.5 0.2
13:0 0.1 0.1 0.1 0.4 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.0 0.2
14:0 34.3 30.8 32.0 6.7 28.3 42.1 25.2 40.5 3.0 38.3 47.7 37.5 47.5 4.8 45.4
14:1 0.0 0.5 0.3 0.2 0.3 0.3 0.1 0.3 0.0 0.3 0.3 0.2 0.3 0.0 0.3
15+17 branched 0.3 0.3 0.3 0.6 0.3 1.0 0.8 1.0 0.9 1.0 1.4 1.3 1.4 0.4 1.3
15:0 1.0 0.8 0.9 0.7 1.0 1.2 0.9 1.2 0.6 1.4 1.4 1.2 1.4 0.7 1.9
16:0 45.1 30.1 35.1 28.7 34.4 39.2 35.7 38.7 20.8 37.6 36.5 33.2 36.5 28.3 35.9
16:1(n-5) 0.2 0.4 0.4 0.2 0.3 0.2 0.3 0.2 0.1 0.2 0.2 0.3 0.2 0.0 0.2
16:1(n-7) 2.8 6.9 5.5 2.1 5.0 2.2 2.7 2.3 2.2 2.3 2.1 2.5 2.1 1.3 2.1
16:2 0.0 1.6 1.1 0.2 0.9 0.5 0.9 0.6 0.0 0.5 0.0 0.7 0.0 0.0 0.0
16:3(n-4) 0.0 2.1 1.4 0.3 1.2 0.4 1.5 0.6 0.0 0.5 0.0 0.1 0.0 0.0 0.0
16:4(n-1) 0.0 2.3 1.5 0.4 1.3 0.7 2.1 0.8 0.0 0.8 0.4 3.0 0.4 0.0 0.4
Phytanic acid 2.7 0.3 1.1 0.0 1.0 1.8 2.2 1.8 0.3 1.7 2.1 1.0 2.1 0.0 2.0
17:0 1.0 0.1 0.4 0.0 0.9 0.0 0.0 0.0 1.1 0.0 0.0 0.4 0.0 1.7 0.7
17:1 0.0 0.0 0.0 0.3 0.0 0.1 0.1 0.1 0.0 0.1 0.2 0.8 0.2 0.0 0.2
18:0 5.7 2.3 3.4 15.7 5.8 4.8 8.2 5.1 23.6 5.6 2.7 2.7 2.7 17.6 3.1
18:1(n-7) 0.6 0.9 0.8 2.0 1.4 0.6 1.1 0.6 1.6 0.7 0.4 0.4 0.4 1.6 0.5
18:1(n-9) 3.8 6.4 5.5 7.8 7.1 1.4 4.2 1.7 9.2 2.3 1.0 1.9 1.0 5.3 1.2
18:2 0.0 0.5 0.3 0.7 0.3 0.2 1.1 0.3 0.8 0.3 0.2 0.4 0.2 0.6 0.2
18:4(n-3) 0.0 1.3 0.9 0.0 0.8 0.2 0.7 0.2 0.0 0.2 0.2 1.3 0.2 0.0 0.2
20:0 0.2 0.1 0.2 0.3 0.2 0.4 0.7 0.4 0.4 0.4 0.3 0.3 0.3 0.4 0.3
20:1 0.0 0.0 0.0 0.7 0.0 0.0 0.2 0.0 0.4 0.0 0.0 0.2 0.0 0.5 0.0
20:4(n-6) 0.0 1.3 0.8 1.7 0.9 0.0 1.2 0.1 3.3 0.4 0.0 0.5 0.0 2.0 0.1
20:5(n-3) 0.0 7.5 5.0 5.9 4.8 0.8 4.4 1.2 6.6 1.6 0.6 2.8 0.6 5.2 1.1
22:6(n-3) 1.8 1.9 1.9 17.4 2.5 0.7 2.8 1.0 20.5 2.1 1.3 4.1 1.4 23.3 1.5
24:1 0.0 0.0 0.0 3.5 0.1 0.0 0.0 0.0 1.3 0.0 0.0 0.0 0.0 3.2 0.0
Other 0.0 1.1 0.7 1.8 0.8 1.0 2.6 1.2 2.8 1.3 0.8 2.8 0.8 1.8 1.0

Table 3. Rhincalanus cornutus and R. rostrifrons. Fatty acid profiles. WE: wax esters; TAG: triacylglycerols; TSL: total storage
lipid (a weighted average of WE and TAG); P-lip: phospholipids; Total FA: total fatty acids. Values are in percent of total moles. 

R. rostrifrons samples are separated by collection year
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(1.0 to 5.5%), 18:0 (2.7 to 5.1%), and 20:5(n-3) (0.6
to 6.6%). Resemblance matrices indicated that WE
and TAG fatty acid profiles were 75 to 85% similar
within species. Generally, TAG fractions had higher
percentages of 16:1(n-7), 18:1(n-9), 20:5(n-3), and
22:6(n-3), while WEs had higher amounts of 14:0 and
16:0 fatty acids.

Rhincalanus nasutus showed a very different stor-
age lipid fatty acid profile than R. cornutus and R. ros-
trifrons (Table 4). Monounsaturated fatty acids 16:1(n-
7) and 18:1(n-9) dominated the profiles, comprising
64.8 to 69.5% of the total fatty acids. Other important
fatty acids included phytanic acid (3.6 to 12.1%), 14:0
(2.4 to 4.4%), 16:2 (1.3 to 3.6%), 20:5 (n-3) (0.1 to
5.9%), and 18:2 (1.2 to 2.5%). WE and TAG fatty acid
profiles showed 69 to 75% similarity within samples.
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Fatty alcohols

Similar to fatty acids, fatty alcohol profiles were
very different between Rhincalanus cornutus/R. ros-
trifrons and R. nasutus (Table 5). R. cornutus and
R. rostrifrons WE fatty alcohol profiles almost
 exclusively consisted of 18:1 (62.6 to
68.8%) and 16:1 (26.4 to 33.7%). In
total, these 2 alcohols comprised
>95% of WE fatty alcohols. Unfortu-
nately, double-bond position could
not be determined for these alcohols,
but the presence of single 16:1 and
18:1 peaks indicated that only 1 iso-
mer was present for each alcohol.
Other minor alcohol components
included 16:0 (2.0 to 4.9%), 14:0 (0.0
to 1.4%), and 18:0 (0.0 to 0.3%). Con-
versely, R. nasutus WE fatty alcohols
were primarily 16:0 (58.4 to 66.4%)
and 14:0 (24.3 to 34.0%), together
making up 91 to 93% of the total fatty
alcohols. Also, 18:0 (6.7 to 9.2%) was
often the only other fatty alcohol
found. Cluster analyses indicated that
there was <5% similarity between R.

cornutus/R. rostrifrons and R. nasutus
WE alcohol profiles. Within species as
well as between R. cornutus and R.
rostrifrons, similarity was >90%, and
R. rostrifrons profiles from the 2 sam-
pled locations (ETNP and GOC) were
almost identical (99% similarity). The
total fatty alcohol profiles were very
similar to the WE fatty alcohol pro-
files, as free fatty alcohols were only a
minor lipid component.

Sterols

The primary sterol found in
 Rhincalanus cornutus, R. rostrifrons,
and R. nasutus was cholest-5-en-
3� -ol, commonly called cholesterol
(Table 6). This comprised around 75
to 76% of total sterols in R. rostrifrons
and 85.6 to 89.2% of total sterols in R.
cornutus and R. nasutus. The remain-
ing sterols included cholesta-5,22E-
dien-3� -ol (22-dehydro-cholesterol)
(23.4 to 24.7% in R. rostrifrons, 9.5 to
14.4% in R. cornutus and R. nasutus),

and 5� (H)-cholestan-3� -ol (cholestanol) (<2%).
Cluster analyses revealed that sterol data formed 2
groups of high similarity: R. rostrifrons and R. nasu-
tus/R. cornutus. Although sterol profiles showed
>85% similarity between groups, within each group,
samples were >95% similar to each other (Fig. 1C).
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Fig. 1. Rhincalanus cornutus, R. rostrifrons, and R. nasutus. Percent similarity
for different lipid fractions: (A) total storage lipid fatty acid profiles, (B) phos-
pholipid fatty acids, and (C) sterol profiles. R. rostrifrons samples are separated
by collection year and R. nasutus by collection site (GOC: Gulf of California; 

ETNP: eastern tropical north Pacific)

R. cornutus R. rostrifrons R. nasutus
2007 2008 GOC ETNP

WE Total WE Total WE Total WE Total WE Total

12:0 0.0 0.3 0.0 0.0 0.0 0.1 0.0 1.5 0.0 0.0
14:0 1.4 1.7 0.1 0.1 0.0 0.1 24.3 20.9 34.0 33.7
15:0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.9
16:0 2.0 2.8 3.9 4.5 4.9 5.8 66.4 66.6 58.4 58.4
16:1 33.7 32.5 26.9 25.5 26.4 26.0 0.0 0.0 0.0 0.0
17:0 0.0 1.5 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
17:1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
18:0 0.3 0.8 0.3 0.6 0.0 0.3 9.2 11.0 6.7 6.8
18:1 62.6 60.5 68.8 69.3 68.7 67.6 0.0 0.0 0.0 0.0

Table 5. Rhincalanus cornutus, R. rostrifrons, and R. nasutus. Fatty alcohol
profiles. Fatty alcohols found in the wax ester (WE) fraction are marked sepa-
rately from total fatty alcohols, which include WE fatty alcohols and free fatty
alcohols. Values are in percent (molar) of total fatty alcohols. R. rostrifrons
samples are separated by collection year and R. nasutus by collection site 

(GOC: Gulf of California; ETNP: eastern tropical north Pacific)
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DISCUSSION

The percent lipid per WW and DW determined
during the present study was less than other reported
values for Rhincalanus spp. Total lipid content for R.
cornutus collected during the summer from the GOM
was reported to be 48.8% of DW (Morris & Hopkins
1983), compared to our values of 5% of DW. Lipid
content of R. nasutus from various locations ranged
from 22 to 42% of DW (Lee et al. 1971a, Schnack-
Schiel et al. 2008), also higher than the 8 to 10% of
DW reported in the present study. Thus, our total
lipid values are likely underestimates of actual lipid
content, as estimations of storage lipid made by
 measuring the volume of lipid sacs of these species
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identical to those observed in the present study for
R. nasutus.

In contrast, total storage lipid fatty acid and WE
alcohol profiles observed in adult female Rhin-
calanus cornutus collected from the GOM during
early summer and R. rostrifrons
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The types of storage lipids accumulated and their
compositions have typically been attributed to a
 combination of factors, including whether or not
 diapause is utilized, habitat depth or latitude, and
feeding strategy (e.g. Lee et al. 1971a, 2006, Graeve
& Kattner 1992, Kattner & Hagen 1995, Albers et al.
1996). In the ETNP, where Rhincalanus rostrifrons
and R. nasutus co-occur, few differences have been
observed between the species that would help
explain why these closely related species employ
2 different lipid-synthesis pathways. Previously re -
ported abundance data showed similar vertical
 dis tributions (peak abundances between 200 and
600 m) for the 2 species (Chen 1986, Sameoto 1986).
During our study, all Rhincalanus spp. were collected
in the upper 200 to 300 m. A comparison of body-
composition parameters, including carbon, nitrogen,
hydrogen, phosphorus, protein, and lipid content,
indicated that few differences existed among species
(Cass 2011). To our knowledge, no study has de -
termined whether either R. rostrifrons or R. nasutus
undergoes diapause in this region, although R. nasu-
tus has been found to sometimes employ diapause
in more temperate regions (Ohman et al. 1998,
Schnack-Schiel et al. 2008). Furthermore, no studies
have looked at diapause strategies of either R.
 cornutus or R. rostrifrons in any location.

Despite similarities in fatty acid and alcohol com-
position, variation was observed in the type of stor-
age lipids accumulated by Rhincalanus cornutus and
R. rostrifrons. While total amounts of storage lipid
were similar between both species (88 to 97% of total
lipid), 
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usually highly regulated to maintain membrane
 fluidity and function (Devlin 2006). The major fatty
acids found in these Rhincalanus spp. (22:6(n-3),
16:0, 18:0, 20:5(n-3), and 18:1(n-9)) have been
observed in other copepod phospholipid profiles as
well, including those at high latitudes (e.g. Lee et al.
1971a, Lee 1974, Albers et al. 1996, Scott et al. 2002),
suggesting that most copepods may share a strategy
for membrane structure and function.

Furthermore, sterol profiles also were similar
within and among species. This is likely due to the
fact that cholesterol has many important functions in
cellular membranes, including stabilizing membrane
structure, affecting membrane permeability, and
altering the activity of membrane proteins (Crockett
1998). Such specific sterol compositions are probably
attained through preferential retention of dietary
cholesterol and other dietary phytosterols, e.g.
 brassicasterol (24-methylcholesta-5,22E-dien-3� -ol)
and 24-methylenecholesterol (24-methylcholesta-
5,24(28)-dien-3� -ol), that can be easily dealkylated
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