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Abstract

Abundant nauplii and copepodid stages attributed to Smacigastes micheli Iva-

nenko & Defaye (Crustacea: Copepoda: Harpacticoida: Tegastidae) were col-

lected during the MoMARETO cruise (2006) on the Eiffel Tower edifice, the

species type locality at the Lucky Strike vent field (37� N) of the Mid-Atlantic

Ridge at a depth of 1698 m. Specimens were sampled within different faunal

assemblages dominated by either Bathymodiolus azoricus mussels or Mirocaris

fortunata shrimps and the physico-chemical conditions of their related micro-

habitats were characterized. A new preparation method for examination of

copepod nauplii with confocal microscopy was developed and applied to the

specimens. The description of the sixth naupliar stage of S. micheli revealed a

number of distinctions from the only known last naupliar stage of the tegastid

copepod Tegastes falcatus living associated with a shallow water bryozoan. Mor-

phological features and ecological observations suggest that S. micheli cope-

pods could be feeding on the thick microbial mats that cover different surfaces

on the Eiffel Tower edifice. The nauplii, copepodids and adults of S. micheli

were found in >80% of the microhabitats sampled. These microhabitats were

characterized by temperatures varying from 4.8 to 7.5 �C representing low

hydrothermal inputs. Canonical analysis shows that the relative abundances of

nauplii and adults of S. micheli were higher at the lower end of the chemical

conditions, whereas the abundance of the subadult stages appears to be linked

with slightly higher hydrothermal inputs. Whether this distribution is influ-

enced by distinct physiological tolerances or nutritional needs of the different

developmental stages is unknown. Total dissolved sulfur was the variable best

explaining the distribution of S. micheli on the Eiffel Tower edifice.
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Introduction

Harpacticoid copepods of the speciose family Tegastidae

comprise 80 nominal species in six genera distinguished

from other copepods by a laterally compressed body. The

distribution of the family is worldwide in shallow water

and in deep-sea chemosynthetic environments and species

may be either free-living or associated with diverse cnida-

rians, algae or bryozoans (Humes 1981a,b, 1984; Ivanenko

et al. 2008a). The first discovery of a tegastid in the deep-

sea environment was Smacigastes micheli (Ivanenko &

Defaye, 2004a) from the Lucky Strike (LS) deep-sea

hydrothermal vent field (37� N) of the Mid-Atlantic

Ridge. Recent investigations of copepods from other che-

mosynthetic environments, such as deep-sea hydrother-

mal vents on the East Pacific Rise, deep-sea cold seeps in

the Gulf of Mexico and sunken whale carcasses off

Sweden (depth 100 m) have led to the discovery of new

species and new records of tegastid copepods (Gollner

et al. 2008; Plum & Martı́nez Arbizu 2009; Willems et al.

2009). This present contribution estimates the abundance

of nauplii, immature copepodids and adults of S. micheli

from 12 sampling units (microhabitats) on the Eiffel

Tower active edifice located on LS. The abiotic conditions

of the 12 microhabitats in which the different develop-

mental stages of S. micheli were found were characterized

in terms of temperature and chemical conditions (total

dissolved sulfur, total dissolved iron, total dissolved cop-

per and pH). We hypothesize that the nauplii, immature

copepodids and adults of S. micheli may have different

ecological niches in terms of physico-chemical conditions.

The external morphology of stage VI nauplius of S. mic-

heli from its type locality is described and compared with

that of Tegastes falcatus, the only other tegastid species in

which the nauplius is known (Ivanenko et al. 2008a,b).

This paper continues habitat characterization at the Eiffel

Tower edifice (Cuvelier et al. 2011; Ivanenko et al.

2011a,b) and is only the second report of a known cope-

pod nauplius from a deep-sea hydrothermal vent, follow-

ing the report of the lecithotrophic nauplius I of a

siphonostomatoid copepod from the family Dirivultidae

(Ivanenko et al. 2007).

Material and Methods

Site locality: 37�17.29¢ N, 32�16.45¢ W; Atlantic Ocean,

Mid-Atlantic Ridge, Azores Triple Junction, Lucky Strike,

Eiffel Tower edifice; depth 1698 m, all the specimens

(nauplii, copepodids and adults) were collected during

the MoMARETO cruise in 2006 on the R ⁄ V Pourquoi

pas? by the ROV Victor 6000. During this cruise, the mi-

crohabitats of 12 different faunal assemblages (C1–C12)

were characterized in terms of temperature and chemical

conditions (De Busserolles et al. 2009; Sarradin et al.

2009). Abiotic conditions in the vicinity of the fauna were

assessed on each sampling unit by in situ measurements

and water sampling. Total dissolved iron (TdFe) and total

dissolved sulfide (TdS: H2S + HS) + S))) concentrations

were measured in situ using the chemical analyzer CHE-

MINI (Vuillemin et al. 2009). Temperature (T �C) was

measured with an autonomous temperature probe (NKE)

attached to the sampling inlets. Water samples were col-

lected with the PEPITO sampling device (Sarradin et al.

2009). The pH was measured on board at 25 �C using a

combined pH electrode (Ingold�) for sulfide-rich med-

ium after calibration with NBS (National Bureau of Stan-

dards) buffer solutions (pH 4 and 7). Finally, total

dissolved copper (TdCu) was measured by stripping chro-

nopotentiometry (SCP) with a gold electrode (Riso et al.

1997). All abiotic sampling and analytical procedures are

described in Sarradin et al. (2009).

After the physico-chemical characterization of each

microhabitat, the fauna was semi-quantitatively sampled

using Victor’s suction sampler and arm grab. Once

brought on board, faunal samples from each location

were washed through 250- and 63-lm mesh sieves and

fixed with 4% buffered formalin. After 2 days, they were

transferred to 70% ethanol. Once in the laboratory, the

meiofauna from the 63-lm fraction was separated from

heavier particles by centrifugation in Ludox (Burgess

2001) and meiofaunal specimens then were stained with

Rose Bengal. Specimens from both fractions (250 and

63 lm) were identified to the lowest possible taxonomic

level. In this paper only tegastid copepods are consid-

ered; the other faunal groups are addressed in ongoing

studies. The regressions and multivariate statistical analy-

sis (RDA) were conducted using a forward selection

procedure with unrestricted permutations using the pack

for library (S. Dray, University of Lyon) implemented in

the free software R 2.8.1 (R Development Core Team

2008) as well as the VEGAN package (Oksanen et al.

2011). Canonical redundancy analyses (RDA) were per-

formed to evaluate the links between environmental con-

ditions and faunal observations. They allow for a

simultaneous representation of the observations in two

or three dimensions, selecting the linear combination of

environmental variables that maximizes the dispersion of

species scores (Ter Braak 1986; Sarrazin et al. 1999). In

the forward selection procedure, the environmental vari-

ables are tested one by one and are included if they are

statistically significant.

All of the tegastid copepods were sampled within dif-

ferent faunal assemblages dominated (in terms of macro-

fauna) either by the mussel Bathymodiolus azoricus or by

the shrimp Mirocaris fortunata on the Eiffel Tower sulfide

edifice (Table 1).
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Tegastid nauplii were prepared for confocal microscopy

as follows. Soft tissues were removed without damaging

the external anatomy by transferring a nauplius to stain-

ing vials and immersing for about 10 min in a K-protease

digestive medium from QIAGEN following the recom-

mended protocol. The specimen was then transferred to

distilled water to wash out any remaining K-protease, and

the cuticle was stained with Yellow Fuchsin. The staining

procedure was adapted from Michels & Büntzow (2010)

by substituting the Congo Red solution with a solution of

Yellow Fuchsin. The specimen was viewed on a Leica TCS

SP5 (Leica Microsystems GmbH, Wetzlar, Germany) con-

sisting of an upright microscope (Leica DM5000 B) and

three visible light lasers (Ar 100 mW 458, 476, 488 and

514 nm; DPSS 10 mW 561 nm; HeNe 10 mW 633 nm),

using a 20· oil immersion objective. The laser power was

set to 60%. The amplitude offset and detector gain were

manually adjusted. CLSM image stacks were obtained

throughout the whole animal, and the scanning software

was adjusted to perform the optimal number of scans.

Image size was set for 2000 · 2000 dpi and the recon-

struction of the external anatomy was obtained by maxi-

mum projection. The final images were adjusted for

contrast and brightness using the software ADOBE

PHOTOSHOP CS4 (Adobe Systems, San Jose, CA, USA).

For light microscopy the nauplii were studied applying

the ‘hanging drop method’ described in detail by Iva-

nenko & Defaye (2004b). The copepods were dissected

under a Leica MZ12 microscope and studied with a Leica

DMR compound microscope having bright-field and dif-

ferential interference contrast optics. Drawings were made

with a camera lucida mounted on the microscope. The

descriptive terminology follows that of Ivanenko et al.

(2008b).

Five nauplii of 6th stage (MNHN-Cp7923) in 70% eth-

anol are deposited at the Muséum National d’Histoire

Naturelle, Paris.

Results

Copepods on the Eiffel Tower edifice

Copepods from diverse families (Aegisthidae, Ancora-

bolidae, Canthocamptidae, Cyclopinidae, Dirivultidae,

Ectinosomatidae, Lubbockiidae, Miraciidae, Oncaeidae,

Oithonidae, Pseudotachidiidae, Spinocalanoidae, Tegasti-

dae and Tisbidae), mostly unrecorded for the LS vent

field, were found in the 250- and 63-lm fractions, and

morphologically diverse nauplii were represented mainly

in the 63-lm fractions. The only adult tegastid found in

the samples was Smacigastes micheli. Immature tegastid

copepods are distinctive by their lateral compression, like

adults (Ivanenko et al. 2008a). Nauplii of tegastids can be

separated by the antenna two with a subchela and mandi-

ble with a chela. Co-occurring copepodids and nauplii

with these characteristics were attributed to S. micheli.

Stage VI nauplii of S. micheli were identified by the pres-

ence of the buds of legs 1–2. This is the only naupliar

stage in copepod development on which legs 1–2 are

present as buds (Ferrari & Dahms 2007).

Nauplii, copepodids and adults of S. micheli were

found in �80% of the microhabitats sampled (Table 1);

they were more abundant in C3 and C5 than in samples

from other microhabitats. Sampling units C2 and C8

Table 1. Estimated abundances of nauplii and abundance of immature copepodids and adults of Smacigastes micheli from different sampling

units (C1–C12) on the Eiffel Tower edifice. These sampling units were characterized by the presence of different hydrothermal faunal assemblages

dominated (in terms of macrofauna) by either Bathymodiolus azoricus mussels or Mirocaris fortunata alvinocaridid shrimps.The relative abundance

of S. micheli copepods (including all developmental stages) as well as the female to male ratio is given.

Sampling

units

Dominant

macrofauna Nauplii

Subadults

(copepodid

stages 1–5)

Adults

(copepodid

stage 6)

Relative

abundance

of tegastid

copepods (%)

Ratio

female ⁄
male

C1 B. azoricus 25 3 16 0.44 3

C2 M. fortunata 0 0 1 0.01 –

C3 B. azoricus 2436 856 1924 51.65 2

C4 B. azoricus 470 39 482 9.81 3

C5 B. azoricus 642 113 2648 33.70 2

C6 M. fortunata 15 0 4 0.19 3

C7 M. fortunata 0 0 0 0.00 –

C8 M. fortunata 0 1 0 0.01 –

C9 B. azoricus 3 0 0 0.03 –

C10 B. azoricus 0 0 0 0.00 –

C11 B. azoricus 181 7 62 2.48 3

C12 B. azoricus 33 16 122 1.69 2
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contained a single specimen each, whereas not a single te-

gastid was found in C7 and C10 (Table 1). The total

abundance is dominated by adults, followed by the nau-

plii and subadults, respectively (Table 1). The sex ratio

was always in favor of females varying from 3:1 to 2:1

(Table 1).

Physico-chemical characterization of Smacigastes micheli

microhabitats

Mean environmental conditions on each sampling unit

(microhabitat) are summarized in Table 2. Mean temper-

atures varied from 4.79 � to 8.79 �C, which represents a

relatively narrow temperature range for this ecosystem

(De Busserolles et al. 2009). The microhabitats with the

warmest temperature values (C2, C8 and C10) also had

the highest concentrations of TdFe and TdS. On the other

hand, the coolest location, C9, had one of the lowest TdS

and TdFe concentrations and the highest TdCu concen-

tration (Table 2). The mean temperatures were near

ambient (4.4 �C) in C1, C9, C11 and C12 (Table 2). All

environmental variables were significantly correlated to

temperature but whereas sulfide and iron concentrations

were positively correlated, TdCu and pH showed negative

correlations with temperature (De Busserolles et al. 2009).

The pH varied from 6.00 (C10) to 7.34 (C9), being more

acidic in the areas of higher hydrothermal influence.

Overall, the microhabitats colonized by S. micheli were

characterized by relatively low temperatures (4.8–7.5 �C),

which indicates low hydrothermal inputs (Table 2). All

developmental stages were absent from the most extreme

microhabitat (C10) and tegastid abundance was low in

the two other hotter microhabitats sampled (C8 and C2,

Tables 1 and 2). No tegastid copepods were found in C7

despite the presence of intermediate physico-chemical

conditions (Tables 1 and 2).

The faunal and environmental data were transformed

prior to a multivariate statistical analysis. Faunal abundance

data were transformed to conserve Hellinger, rather than

Euclidian, distances in principle component analysis

(Legendre & Gallagher 2001). The Hellinger distance gives

low weight to rare taxa. This distance is used because in the

deep-sea the sporadic appearance of rare taxa in the sam-

ples can be attributable to sampling error (Gauthier et al.

2010). The environmental variables were standardized

because they are measured in different sampling units and

must be reduced to a common scale to calculate meaningful

covariance. The procedure consists in centering all

Table 2. Environmental conditions found within the different sampling units (C1–C12) on the Eiffel Tower edifice. Mean temperatures (T �C),

total dissolved sulfur (TdS), total dissolved iron (TdFe), total dissolved copper (TdCu) and pH are reported for each sampling unit (microhabitat).

Standard deviations are given in parentheses.

Sampling units T �C TdS TdFe TdCu pH

C1 4.91 (0.47) 1.50 (0.90) 0.36 (0.44) 1.56 (0.87) 6.94 (0.18)

C2 6.50 (1.66) 18.76 (20.38) 1.22 (0.82) 0.25 (0.29) 6.01 (0.22)

C3 5.35 (0.50) 3.85 (2.01) 0.36 (0.19) 1.39 (0.29) 6.72 (0.20)

C4 5.67 (0.50) 6.97 (5.01) 1.69 (0.77) 2.06 (1.29) 6.61 (0.09)

C5 5.11 (0.48) 2.13 (1.00) 0.14 (0.20) 0.80 (0.42) 6.87 (0.10)

C6 6.04 (0.59) 12.83 (6.28) 1.13 (0.98) 0.67 (0.43) 6.44 (0.04)

C7 5.39 (0.30) 5.11 (3.51) 0.54 (0.36) 1.60 (0.06) 6.56 (0.04)

C8 7.49 (1.54) 38.31 (11.94) 3.53 (2.67) 1.62 (1.96) 6.03 (0.38)

C9 4.79 (0.12) 1.68 (0.51) 0.30 (0.18) 2.38 (1.37) 7.34 (0.13)

C10 8.79 (2.71) 40.07 (25.16) 5.25 (3.60) 0.46 (0.65) 6.00 (0.38)

C11 4.85 (0.26) 2.62 (1.38) 0.50 (0.37) 0.86 (0.37) 6.73 (0.31)

C12 4.80 (0.33) 2.67 (1.22) 0.40 (0.44) 1.96 (1.80) 7.18 (0.42)

Fig. 1. Canonical redundancy analysis (RDA, scaling type 2) per-

formed on the matrix of Smacigastes micheli abundances of the dif-

ferent developmental stages (nauplii, subadults, adults) sampled on

the Eiffel Tower edifice and the matrix of environmental factors. The

first two axes represent 41% of the total variance but only the first

axis, explaining 31% of the variance, was significant. Vectors are

represented by arrows.
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descriptors on a zero mean and reducing them to unit stan-

dard deviation (Legendre & Legendre 1998). The redun-

dancy analysis (RDA) performed on S. micheli abundances

from all microhabitats explained 31% of the variance in dis-

tribution (Fig. 1). An analysis of variance testing for signifi-

cance of the RDA showed that only the first axis was

significant (F = 4.6736, P = 0.01667, a < 0.05), whereas

the second, explaining 10% of the variance, was not

(F = 1.5423, P = 0.29000, a > 0.1). Only three of the five

environmental variables tested (TdS, TdCu and T �C) sig-

nificantly explained the copepod distribution. TdS is the

more significant (P = 0.015), followed by TdCu

(P = 0.146) and then T �C (P = 0.434). TdFe and pH were

not significant.

Description of the naupliar stage VI of Smacigastes micheli

Body length 0.243 mm, width 0.176 mm; longer than

wide, with papuliferous surface and well developed

cephalic shield (Figs 2A,B and 3A). Labrum somewhat

rounded, ornamented along distal edge with spinules of

different lengths. Sternal field ornamented with two

patches of small spinules below labrum. Antennule

(Fig. 4A) three-segmented; first segment without seta;

second segment with two setae; distal segment armed

with 12 setae and one terminal aesthetasc fused near

insertion of segment with a long seta. Antenna

(Fig. 4B,C): coxa with articulating, inwardly curved,

naupliar arthrite bearing long proximal seta ornamented

A

B

Fig. 2. Smacigastes micheli Ivanenko &

Defaye, 2004. Confocal photo of premolting

stage VI nauplius. (A) Habitus, ventral. (B)

Habitus, dorsal.

Ivanenko, Corgosinho, Ferrari, Sarradin & Sarrazin Microhabitats and nauplius of Smacigastes micheli

Marine Ecology (2011) 1–11 ª 2011 Blackwell Verlag GmbH 5



Fig. 3. Smacigastes micheli Ivanenko & Defaye, 2004. Stage VI nauplius. (A) Habitus, ventral, showing buds of maxillule, maxilla, maxilliped, Leg

1 and Leg 2, papulose surface illustrated within square. (B) Posterior part of body showing buds of maxillule, maxilla, maxilliped, Leg 1 and Leg 2,

lateral. (C) Buds of maxillule and maxilla, ventral. (D) Bud of (rift) maxilliped. a1, antennule; a2, antenna; mn, mandible; m·1, bud of maxillule;

m·2, bud of maxilla; mxp, bud of maxilliped; l1, bud of Leg 1; l2, bud of Leg 2; cr, bud of caudal ramus.
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Fig. 4. Smacigastes micheli Ivanenko & Defaye, 2004. (A) (Right) antennule, ventral; (B) (left) antenna, anterior; (C) exopod of antenna; (D) (left)

mandible, anterior; (E) exopodal lobe of mandible. ba, basis; en1, proximal endopodal segment; en2, distal endopodal segment; ex, exopod.
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with setules; naupliar arthrite attenuating ventrally with

a row of denticles on inner distal margin. Basis with

two proximoventral and two distoventral setae. Exopod

(Fig. 4C) one-segmented with six unequal setae. Endo-

pod a subchela against the basis; proximal endopodal

segment with six setae (two pairs of two proximoven-

tral setae, one distoventral and one distodorsal seta);

distal endopodal segment bi-attenuate, ventral attenuation

three times shorter than the outer one. Mandible

(Fig. 4D,E): coxa with one ventral seta. Basis distoven-

trally drawn into a complex extension, forming a fixed

finger of chela with the proximal segment of the endo-

pod, and bearing two spinulose setae and four attenua-

tions. Exopod (Fig. 4E): fused with basis, with three

setae. Endopod two-segmented; proximal endopodal

segment, a moveable finger of chela, distally curved,

with one seta, tip of segment opposes distoventral

extension of basis; distal endopodal segment with four

unequal setae. Maxillule (Fig. 3B,C): four lobed bud;

outer lobe (presumptive exopod) with two long setae;

inner distal lobe (presumptive endopod) with three

setae. Two inner proximal lobes (presumptive coxa and

basis) each with small inner attenuation. Maxilla

(Fig. 3B,C): bud with three small attenuations of ventral

body exoskeleton. Maxilliped (Fig. 3D): thick inwardly

curved attenuation of ventral body exoskeleton. Leg 1

(Fig. 3A,B): bilobed bud with three setae on dorsal lobe

(presumptive exopod) and two setae on ventral lobe

(presumptive endopod). Leg 2 (Fig. 3A,B): bilobed bud

with three setae on dorsal lobe (presumptive exopod)

and two setae on ventral lobe (presumptive endopod).

Caudal ramus (Fig. 3A,B): bud with five setae (one

articulating seta).

Discussion

Comments on naupliar morphology

Comparisons of homologous segments on limbs of nau-

plius VI between Smacigastes micheli and the shallow

water Tegastes falcatus reveals some remarkable distinc-

tions in the morphology of labrum, antennule, antenna,

mandible, maxillule, maxilla, and leg 1, suggesting that

T. falcatus bears more derived attributes than S. micheli

(see Table 3). The well developed labrum, articulating

mandibular exopod and larger numbers of setae on

appendage segments supports this conclusion. The man-

dibular chela of S. micheli is more developed than that of

T. falcatus and supports the conclusion of Ivanenko et al.

(2008a) that the mandibular chela is formed by inner

extension of basis and endopodal segments. The naupliar

mandibular chela, also illustrated for nauplius I of the

tegastid Parategastes sphaericus and nauplius I of the pelti-

diid Alteutha oblonga (see Dahms 1990) appears to be a

synapomorphy of Tegastidae plus Peltidiidae.

Ecology

This is the first report of abundant and diverse nauplii of

copepods in a deep-sea hydrothermal community. Up to

now, copepod nauplii were not hypothesized to be living

in the extreme conditions (high levels of sulfides, heavy

metals and elevated temperatures) present in the vent

environment (Tsurumi et al. 2003). Only a few studies

report the presence of nauplii (Dinet et al. 1988) and only

the lecithotrophic nauplius I of a siphonostomatoid

copepod from the family Dirivultidae has been positively

Table 3. Comparison of nauplius VI of Smacigastes micheli and Tegastes falcatus.

Morphological structure Smacigastes micheli Tegastes falcatus (after Ivanenko et al. 2008a)

Labrum Well developed lobe covering mouth opening. Reduced, not covering mouth opening.

Antennule Elongate, three-segmented. Short, indistinctly two-segmented.

First segment present. First segment not observed.

Second segment articulating, with 2 setae. Second segment fused with body, represented by 1 seta.

Third segment long, with 12 setae, and one

terminal aesthetasc.

Third segment long, with 10 setae, and 1 terminal aesthetasc.

Antenna Coxa: arthrite with proximal seta. Coxa: arthrite without proximal seta.

Basis with two proximoventral and two

distoventral setae.

Basis with one proximoventral and two distoventral setae.

Exopod: articulating, with six setae. Exopod: fused with basis, with five setae.

Mandible Exopod with three setae. Exopod with two setae.

Maxillule Four lobed buds. Two lobed buds.

Endopodal with three setae. Endopodal lobe with three setae.

Two inner proximal lobes present. Two inner proximal lobes absent.

Maxilla Bud with three small attenuations. Small attenuation.

Leg 1 Exopodal lobe with four setae. Exopodal lobe with two setae.
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identified (Ivanenko et al. 2007). In the Eiffel Tower edi-

fice samples, nauplii belonging to the harpacticoid cope-

pod families Canthocamptidae, Pseudotachidiidae,

Miraciidae and Tegastidae, as well as nauplii which could

not be attributed to a family, were identified.

Over 10,000 specimens of Smacigastes micheli were col-

lected and examined during this study, of which about

38% were nauplii found in 63-lm fractions. Among

adults, females clearly dominate the samples. Female-

biased sex ratios also are reported for other copepod

populations in both shallow and deep water habitats

(Mauchline 1972, Tsurumi et al. 2003; Gollner et al. 2006;

Kiørboe 2006; Zekely et al. 2006). In deep-sea copepods,

this unbalanced ratio could be an adaptation to increase

the fecundity of the species in environments with

restricted food sources (Mednikov 1961) but it may also

reflect the absence of marked seasonal breeding periods in

the females (Mauchline 1972). In our samples, this bias

may also indicate that males occupy adjacent habitats or

have higher mortality rates than females, or that female

survival may be enhanced in these particular environmen-

tal conditions (Tsurumi et al. 2003; Kiørboe 2006). It

would be particularly interesting to verify whether this

pattern is also observed at other periods of the year.

Morphological and ecological observations indicate that

nauplii of S. micheli are found on filamentous microbial

habitats and that all developmental stages, nauplii,

immature copepodids and adults, appear to feed on fila-

mentous bacterial mats. This is supported by the visual

examination of filamentous bacteria both within the

microhabitats characterized by the largest copepod abun-

dances (C3 and C4) and by the mandibular chela of nau-

plii and the subchela of the maxilliped of the copepodids.

The negative carbon isotope values (d13C) obtained for

tegastid copepods at this site (De Busserolles et al. 2009)

also suggest a reliance on filamentous bacterial mats that

were shown to have similar d13C signatures (Colaço et al.

2002) or may indicate an unknown endosymbiotic associ-

ation with these copepods (De Busserolles et al. 2009).

Lysed bacteria have been found in the foregut of siphono-

stomatoid copepods from the Guaymas basin hydrother-

mal sites, indicating that bacteria may represent an

important part of their diet (Dinet et al. 1988). Further-

more, nauplii and copepodids of the shallow water Tegas-

tes falcatus feed on filamentous suctorian protists living

on the bryozoan Flustra foliacea (see Ivanenko et al.

2008b). In contrast, some tegastid species have

been reported living and presumably feeding on external

tissue of scleractinian corals (Humes 1981a, 1984,

Ivanenko V.N., unpublished). In conclusion, three types

of feeding including bacteriotrophy, parasitism on sclerac-

tinians and carnivory of protistans have been reported for

Tegastidae.

In terms of their habitats, the statistical analysis (RDA)

showed that the relative abundances of nauplii and adults

of S. micheli were higher in the microhabitats character-

ized by the lowest TdS and lowest T �C conditions,

whereas the abundance of the subadult stages appears to

be linked with slightly higher hydrothermal inputs. This

confirms our initial hypothesis concerning the existence

of separated environmental niches for the various devel-

opmental stages. Whether this distribution is due to dif-

ferential physiological tolerances, to resource competition

between juvenile copepodids and adults, or to different

nutritional needs of the different developmental stages is

unknown. The presence of nauplii in the mildest micro-

habitats with the adults may simply result from the fact

that nauplii were recently hatched. On the other hand, it

is possible that both the nauplii and adults share the same

microhabitat, with different nutritional niches. The sepa-

ration of adults and subadults in areas of differing hydro-

thermal input ⁄ higher microbial resource areas may result

from differing nutritional requirements. More generally, it

seems that copepod diversity is strongly influenced by

environmental conditions at vents and that areas with

lower hydrothermal influence (lower temperatures, lower

concentrations of TdS) harbor a higher diversity (Tsuru-

mi et al. 2003; Zekely et al. 2006; Gollner et al. 2010).

These unusual findings of abundant populations of

copepods at all stages of their development highlight the

importance of considering the meiofaunal microhabitats

in vent ecological studies. Access to new sampling meth-

ods and better sampling efficiency, as well as the increase

of our sampling efforts at small spatial scales, should lead

to an improved understanding of biodiversity at all scales

in vent ecosystems. The role of copepods such as Smacigastes

micheli in the vent food web remains to be resolved but

they seem to be linked to the abundant microbial mats

that cover the surfaces of hydrothermal edifices.
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