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ABSTRACT: Mirocaris fortunata were sampled from the Lucky Strike hydrothermal vent area (Eiffel
Tower site) on the mid-Atlantic ridge during the French DIVA 2 cruise (June 1994). Small adults (17 to
22 mm total length), although morphologically identical, could be divided into 2 categories on the basis
of pigmentation, lipid composition and '>C/!'*C stable isotope ratios of fatty acids. Highly pigmented
small adults (8.6 to 9.2 pg carotenoid shrimp™') contained higher levels of total lipid than similar-sized
individuals containing lower levels of pigment (0.9 to 2.9 pg carotenoid shrimp™!). Lipid class analysis
indicated that wax esters comprised 62.5% of total lipid in the former group. These pigmented shrimp
also contained high proportions of polyunsaturated fatty acids (PUFA), particularly the phototrophic
microplanktonic markers 20:5(n-3} and 22:6(n-3) (14.0 and 33.5% respectively). By contrast small
adults (22 mm) and adult shrimp (25 to 26 mm) with low levels of carotenoid pigmentation contained
lower amounts of total lipid, little or no wax ester and low levels of 20:5(n-3) and 22:6(n-3), but did
contain 16:2(n-4) and 18:2(n-4) and the non-methylene interrupted dienes 20:2A5,13 and 22:2A7,15.
GC-IRMS analysis of all fatty acids and fatty alcohols in the pigmented small adults indicated §'*C
values of —18.2 to -27.7 %, which is consistent with a photosynthetic carbon source for these com-
pounds. The '3C/!2C isotope composition of fatty acids from low-pigmented small adults and adults was
more variable {(-12.5 to —33.1%) and suggests a bimodal distribution which may be attributable to
differing nutritional sources or the physiological/reproductive status of these shrimp. Samples of eggs,
which are carried by the female on the pleopods, represented approximately 57 % of total somatic lipid
which indicates a substantial reproductive investment by this species. The egg lipids comprised high
proportions of triacylglycerols (64.4 to 78.0% of total lipid) whilst the fatty acid composition was domi-
nated by the monounsaturated fatty acids 16:1(n-7), 18:1(n-7) and 18:1(n-9), which accounted for 65.7
to 73.5% of total fatty acids. By contrast, PUFA were relatively minor components of egg lipids, partic-
ularly 20:5(n-3) and 22:6{(n-3), which accounted for only 1.1 and 2.9% of total egqg fatty acids respec-
tively. This indicates that the reproductive investment by this species is supported mainly by material
derived from bacterial chemosynthesis. The potential for M. fortunata hedge betting by producing lar-
vae which either metamorphose at the vent site or adopt a bathypelagic lifestyle and delay metamor-
phosis to facilitate more widespread dispersal is discussed.
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INTRODUCTION Atlantic ridge {MAR) hydrothermal vent sites and a

number of species have been described (Williams &

Caridean shrimp of the family Alvinocarididae are Rona 1986, Segonzac et al. 1993, Van Dover 1995,
common components of the megafauna on the mid- Vereshchaka 1996). Although all these shrimp commu-
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nities are to some extent reliant on chemolithotrophi-
cally fixed carbon, there are some species-specific dif-
ferences. At one extreme, Rimicaris exoculata relies
exclusively on a bacterial dietary source (Van Dover et
al. 1988, Gebruk et al. 1993, Segonzac et al. 1993}
whilst, at the other, Alvinocaris markensis adopts a
more opportunistic, scavenging mode of nutrition
(Segonzac et al. 1993, Pond et al. 1997a). The quantita-
tive contribution and significance of photosynthetically
derived material for the nutrition of the various species
of vent shrimp is a major, unresolved scientific issue.

The natural abundance of '3C, measured as the
BC/12C isotope ratio, can be a powerful tracer to
identify carbon flow and trophic interactions within
hydrothermal food webs (Fisher et al. 1990). Pond et
al. (1997a) found that the *C/!?C isotopic signatures
of the fatty acids 20:4(n-6), 20:5(n-3), and 22:6(n-3) in
Rimicaris exoculata were approximately -17%., which
Is typical of material synthesised within the photic
zone. Similarly, a study of the *C/"?C isotopic com-
position of sterols in hydrothermal vent organisms
from the East Pacific Rise has also suggested a nutri-
tional input of photic material to this vent ecosystem
(Rieley et al. 1995). However, the 3C/!2C isotopic
composition of fatty acids thought to be derived from
thiotrophic bacteria, such as 16:2(n-4) and 18:2(n-4),
were -11 %o, which is consistent with these compounds
being synthesised within the vent ecosystem (Pond
et al. 1997a).

The caridean shrimp Mirocaris fortunata was first
collected from the Lucky Strike hydrothermal vent
area (MAR) and subsequently described and assigned
to the genus Chorocaris by Martin & Christiansen
(1995). However, more recently it has been proposed
that this species should be assigned to a new family
called Mirocaris and renamed Mirocaris fortunata
(Vereshchaka 1997). M. fortunata is characterised by
an acute conical prominence on the lower angle of the
orbit, a stout cheliped, a long chela on the second
pereiopod and small size (20 to 26 mm) at maturity
(Martin & Christiansen 1995). The distribution of this
species is patchy, but tends to be associated with warm
water and sulphide discharges where up to 20 to 30
shrimps m™ have been observed among colonies of
mussel (Bathymodiolus sp.; Van Dover 1995). A
notable feature of the M. fortunata samples collected
to date is a high proportion of gravid females (Van
Dover 1995) and this contrasts to other Caridean
shrimp species found at hydrothermal vents, for which
few gravid females have been observed (Segonzac
unpubl., P. Tyler pers. comm.).

Analysis of lipid and lipid stable isotope composition
of hydrothermal vent shrimp has previously provided
valuable insights into their sources of nutrition, trophic
ecology and life-history strategy (Pond et al. 19973, b).

In the current study we extend this approach to the
different sexes and maturity stages of Mirocaris fortu-
nata, a species for which little information has previ-
ously been published.

METHODS

Station location and sample collection. Mirocaris
fortunata were collected during the French DIVA 2
cruise (dive PL 08) on 10 June 1994 to the Eiftel Tower
site, at the Lucky Strike hydrothermal vent field
(37°17'N, 32°16'W). A full description of the site is
given in Klinkhammer et al. (1995) and Van Dover et
al. (1996). The shrimp were sampled by the IFREMER
submersible, ‘Nautile', from areas extensively colonised
by mussels (Bathymodiolus sp.). All shrimp samples
were frozen at -70°C shortly after collection. Species
identification was confirmed in the laboratory under
low power microscopy and the total length (tail to
rostrum) of each shrimp noted. Although all shrimp
were adults, total length varied from 17 to 26 mm and
individuals were therefore characterised as either
small adult or adult (Table 1). Furthermore, samples
of small adult shrimp, although morphologically iden-
tical, could easily be divided into 2 categories of high
and low red/orange coloured pigmentation. Eggs,
which contained no visible eyed ova and were at-
tached to the female's pleopods, were carefully
removed using tweezers and immediately placed in
chloroform:methanol (2:1 v/v) at -70°C.

Lipid analyses. Whole shrimp and egg samples were
homogenised in chloroform:methanol 2:1 (v/v) before
filtering through a prewashed (chloroform:methanol
2:1 v/v) Whatman No. 1 paper filter. Total lipid was
then extracted following the method of Folch et al.
(1957) and dried under nitrogen. Aliquots of 10 ug of
total lipid was separated into individual lipid classes by
high performance thin layer chromatography (HPTLC)
using a hexane:diethyl ether:acetic acid (90:10:1 v/v/v)
solvent system. Lipid classes were visualised by spray-
ing the plates with 8% (v/v) phosphoric acid contain-
ing 3% (w/v) copper acetate, followed by charring at
160°C for 15 min. The contribution of the various lipid
classes to total lipid was determined using scanning
densitometry (Olsen & Henderson 1989).

Remaining aliquots of total lipid were transmethyl-
ated in methanol containing 1.5% (v/v) sulphuric acid
for 16 h at 50°C (Christie 1982) and the fatty acid
methyl esters purified by thin layer chromatography
(TLC). Free fatty alcohols were recovered separately
from the TLC plates, and their acetate derivatives
prepared following Farquhar (1962). Component fatty
acid methyl esters and fatty alcohol acetates were
identified by chromatography on a Canberra 436 GC
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fitted with a BP20 fused silica capillary column (50 m x
0.32 mm i.d. (inner diameter); SGE) using hydrogen as
a carrier gas (Henderson et al. 1994). Peaks were
identified by reference to samples of known composi-
tion and by gas chromatography-mass spectrometry
{(GC-MS) using a Fisons MD 800 fitted with a DB-5MS
column (15 m x 0.25 mm 1.d.; J & W Scientific) using
helium as a carrier gas. Fatty acids were characterised
by GC-MS after producing dimethyl disulphide ad-
ducts of monounsaturated fatty acids (Nichols et al.
1986) and diethylamide derivatives of polyunsaturated
fatty acids (Nilsson & Liljenberg 1991).

BC/12C analyses. Carbon stable isotope ratios (°C/
'2C) were measured by gas chromatography-isotope
ratio mass spectrometry (GC-IRMS) using a VG Iso-
chrom II instrument whose performance has been
described by Eakin et al. (1992). A fused silica capil-
lary column (SGE: BP20; 50 m x 0.32 mm i.d.) was
used with helium as the carrier gas and a splitless
injection mode was employed. The temperature pro-
gram was: 50°C (0.1 min) rising to 190°C with a 40°C
min~! gradient, then rising to 230°C (50 min) with a
2.5°C min~' gradient. The fatty acid samples were
injected in duplicate and compared with a reference
CO, source which was calibrated for 8'3C (%, PDB) by
conventional dual-inlet mass spectrometry. Replicate
analyses gave a precision of +0.5%.. The 3"*C com-
position of the derivatization reagents was deter-
mined as -41.8 %, and -27.0%. for methanol and acetic
anhydride respectively by the quartz closed tube com-
bustion technique of Sofer (1980). For fatty acids the
contribution of the derivatized carbon was calculated
by rearranging the equation of Abrajano et al. (1994)
assuming there is no isotopic fractionation during
derivatization:
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613(:':A — 613CFAM! = (1 X)613C|~H,:m[
) X

where: 8'°Cy, is the isotopic composition of the free
fatty acid, 8'*Crapme is the isotopic composition of the
fatty acid methyl ester, xis the fractional carbon contri-
bution of the free fatty acid to the ester and 8"*Ccyy,om
is the isotopic composition of the methanol derivatiza-
tion reagent.

To determine if there was a significant kinetic isotope
effect during acetylation, i.e. the addition of 2 carbons
to the fatty alcohols, we derivatized a 19:0 fatty alcohol
standard (Rieley 1994). The §'°C values of the 19:0 free
fatty alcohol and fatty alcohol acetate derivatives
were —30.6 %0 (-30.4 to -30.7%0) and -31.6%0 (-31.5 to
-32.0%s) respectively. Given that the §"*C value for the
acetic anhydride was -27.0%., we would predict a
derivatized value of —-30.3%.. As the measured value
was isotopically lighter than predicted, 1.e. -31.6 %, this
indicates a kinetic isotope effect during acetylation.
813C values of fatty alcohol acetates determined by
GC-IRMS were corrected accordingly.

Total carotenoid pigment analysis. Samples of total
lipid containing the carotenoid pigments were dissolved
in 1 ml hexane with 10 ul chloroform and total caro-
tenoids quantified spectrophotometrically at 470 nm.

RESULTS

As no dry or wet weight determinations were made
of the shrimp samples, the total carotenoid and lipid
data cannot be expressed on a per unit weight basis.
However, even by considering total carotenoid and
lipid content per shrimp, clear trends emerge. The

Table 1 Mirocaris fortunata. Lipid class composition (%) of various life stages. pigm.. pigmentation; tr: trace quantities

vent site and transport to the surface (>6 h)

Small adult Small adult Small adult Small adult Small adult Small adult Adult Adult

low pigm. low pigm. low pigm. low pigm. high pigm. highpigm. (a3) (b3) Female Eggs
(a1) (b (c1) (dy) (ag) (ba)

Total length {(mm) 18 22 22 22 17 19 25 26 25

Lipid class
Polar lipid 20.7 251 233 325 9.9 11.3 169 304 252 14.1
Diacylglycerols tr tr tr 0 0 0 0 0 1.9 1.7
Sterols 12.4 12.6 99 231 5.1 6.4 9.8 204 14.6 6.1
Free fatty alcohol tr tr 12 2.6 6.1 6.3 2.1 0 2.6 1.7
Free fatty acid* 31.7 293 28.6 24.6 7.4 124 14.2 314 24.0 53
Triacylglycerol 7.8 22.0 27.6 4.0 3.6 2.3 499 125 28.6 64.4
Alkyl diacylglycerols 0 1.5 2.4 0 3.6 0.9 4.1 0.5 1.0 5.5
Wax esters 26.8 8.9 59 12.2 64.0 59.6 2.1 1.6 1.1 0
Sterol ester 0 0 0 0 0 tr 0 0 0 0.3
Hydrocarbon 0.6 0.6 1.1 1.0 0.3 0.8 0.9 0.9 1.0 0.9

“The high levels of free fatty acids suggest lipase hydrolysis of the samples during the unavoidable delay between collection at the

Female with eggs
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amounts of total carotenoid pigments in Mirocaris for-
tunata were variable, with the lowest levels detected
in eggs (0.77 to 0.79 ng egg carotenoid female™!) and
the highest in the heavily pigmented small adults (8.6
to 9.2 ug carotenoid shrimp™"; Fig. 1A). The category of
small adults with low levels of pigmentation contained
only 0.9 to 2.9 ng carotenoid shrimp . Considering
their relatively large size, adult shrimp also contained
low levels of carotenoid pigment (0.7 to 3.1 pg caro-
tenoid shrimp~; Fig. 14).

Given their size, the highly pigmented small adults
contained high levels of total lipid (3.9 mg lipid
shrimp~!; Fig. 1B), with approximately twice the level
of the similar-sized small adult (a;: 18 mm) with low
amounts of pigmentation (2.2 mg lipid shrimp™!) and
approximately 25% more than the larger small adults
(by, ¢;, di: 22 mm) also with low pigmentation (2.8 mg
lipid shrimp™!; Fig. 1B). The highest lipid content of an
individual sample was detected in a female shrimp
which had eggs attached to its pleopods (4.0 mg lipid
shrimp™!, egg lipid not included in this value). The
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Fig. 1. Mirocaris fortunata. Total carotenoid pigment and total
lipid content of various life-history stages. pigm..: pigmentation

eggs from this female, which were removed and
analysed separately, amounted to 57 % of the female’s
total lipid pool. A further 3 samples of eggs, for which
the corresponding females were not available for
analysis, also contained relatively high amounts of
lipid (2.2 to 3.5 mg lipid egg batch™!).

Lipid class analysis showed high levels of free fatty
acids in some samples, which suggests lipase hydro-
lysis of the samples during the unavoidable delay be-
tween the collection of the samples at the vent site
and transport to the surface (>6 h). However, in spite
of the high levels of free fatty acids, there are some
striking differences between the different sex and
maturity stages of Mirocaris fortunata. The highly pig-
mented small adults (a; and b,y: 17 and 19 mm respec-
tively) contained high proportions of wax esters,
which accounted for 62.5% of total lipid (Table 1).
The category of small adults (b, ¢;, d;: 22 mm) which
contained only low levels of carotenoid pigment were
comparatively depleted in wax esters but did contain
higher proportions of polar lipid and triacylglycerols
(Table 1). A further specimen, treated separately on
account of its relatively small size, small adult (a;:
18 mm), contained intermediate proportions of wax
ester and triacylglycerol (26.8 and 7.8 % respectively).
The lipid class composition of egg samples was domi-
nated by triacylglycerols, which accounted for up to
75.6% of total lipid. Wax esters were not detected in
the samples of eggs (Table 1). Adults (a3) and (bg)
were not sexed, but it is apparent that both these
specimens contained only very low levels of wax ester
and that adult (b;) contained high proportions of tri-
acylglycerol.

Fatty acid compositions of the different sex and
maturity stages of Mirocaris fortunata were markedly
different. The highly pigmented small adults contained
high levels of polyunsaturated fatty acids 20:5(n-3) and
22:6(n-3), and also a high level of 18:1(n-9) relative to
18:1(n-7) (Table 2, Fig 2B). By contrast, the small
adults which contained only low levels of pigmentation
were characterised by much lower proportions of
20:5(n-3) and 22:6(n-3), higher proportions of 16:1(n-7),
18:1(n-7), 16:2(n-4), 18:2(n-4) and the non-methylene
interrupted diene (NMID) 22:2A7 15, and the presence
of 20:2A5,13 (Table 2, Fig. 2). The small adult (a;) again
appeared to be intermediate between the high and low
pigmented small adults, containing relatively high lev-
els of 20:5(n-3) and 22:6(n-3) but also the (n-4) and
NMID fatty acids. Egg samples were dominated by sat-
urated and monounsaturated fatty acids, particularly
16:0, 16:1(n-7}, 18:1(n-9) and 18:1(n-7), although the
(n-4) and NMID fatty acids were also detected in rela-
tively high abundances (Fig. 2D). However, polyunsat-
urated fatty acids (PUFA), which are important con-
stituents of cell membranes in marine organisms in
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Table 2. Mirocaris fortunata. Fatty acid composition (wt %) of various life stages. (Fatty alcohols in parentheses; pigm.: pigmenta-
tion; tr: trace quantities < 0.1 %)

Small adult Small adult Small adult Small adult Small adult Small adult Adult Adult Female with eggs

low pigm. low pigm. low pigm. low pigm. high pigm. high pigm. (a3} (b;) Female Eggs
(ar) (by} {c1) (dy) (a2) {b2)

Total length

(mm) 18 22 22 22 17 19 25 26 25

Fatty acid
14:0 1.8 3.6 3.2 1.0 0.4 0.3 30 2.0 3.0 3.4
14:1 0.8 1.0 19 0.3 0.2 0.2 0.8 0.9 0.8 0.9
15:0 0.1 0.1 0.2 tr 0 tr 0.1 02 0.2 0.1
16:0 10.0 (49.4) 133 11.8 11.4 4.0 (48.9) 39 (47.8) 130 117 11.0 10.9
16:1(n-7) 20.5 223 27.8 14.9 11.1 8.3 325 277 23.9 32.0
16:1(n-5) tr tr tr tr 0 0 tr tr tr tr
16:2(n-4) 0.6 0.8 1.4 0.3 0.3 0.1 14 0.5 1.1 1.5
17:0 tr tr tr tr tr 0 tr 0 0 tr
16:3(n-3) 0.2 0.4 0.2 03 0.6 0.3 0.5 0.4 0 0.5
16:4(n-3) 0 0 0 0 0 0 0 0 0 0
18:0 2.6 (9.9) 2.8 2.4 34 1.2 {10.3) 15 (13.1) 18 2.6 3.0 2.0
18:1(n-9) 6.1 (22.8) 6.8 5.7 10.9 15.0 (18.6) 14.8 (18.2) 9.0 1.7 10.6 11.2
18:1{n-7) 16.0 (17.9) 223 17.8 17.5 6.0 (22.2) 6.3 (20.9) 202 187 20.9 19.7
18:1{n-5) tr tr tr tr 0 0 tr tr tr tr
18:2(n-6) 1.5 0.5 2.4 1.2 1.5 1.3 1.0 1.7 0.7 0.9
18:2(n-4) 3.1 36 53 1.7 0.6 0.6 4.6 2.5 3.8 5.1
20:0 0.2 0.2 0.1 0.3 03 0.1 0.1 0.2 0.3 0.2
20:1(n-9+n-7) 0.7 0.3 11 0.4 0.4 0.4 1.2 1.3 1.6 1.4
20:245,13 2.5 1.9 2.2 2.5 0 0 4.2 3.6 49 3.7
20:4(n-6) 1.2 0.8 09 2.3 55 32 0.5 21 1.3 0.4
20:4(n-3) 03 0.2 0.1 0.1 0.6 0.7 0.1 0.2 0.1 0
20:5(n-3) 7.0 4.1 3.5 9.6 12.2 15.8 1.3 5.1 3.8 11
22:1(n-9) 0.3 0.2 0.4 1.1 0 0 0.2 11 0 0.3
22:207,15 1.8 2.4 2.6 3.2 0.4 0.3 2.1 3.1 2.7 16
22:5(n-6) 0 0.2 0.2 0.5 6.5 3.5 0 0.2 0 0
22:5(n-3) 0.6 0.3 0.2 0.2 2.4 2.0 0.1 0.7 0.3 0
22:6(n-3) 21.8 12.0 8.5 17.1 306 36.4 23 6.1 6.0 2.9
24:1(n-9) tr tr tr tr tr tr tr tr tr tr

general, comprised only very minor components of egg
lipid (Table 2. Fig. 2Dy).

Fatty alcohols were analysed only in small adult
samples where wax esters comprised major compo-
nents of total lipid. The fatty alcohols profiles were
dominated by 16:0 with lesser amounts of 18:0,
18:1(n-9) and 18:1(n-7) (Table 2).

The BC/'*C stable isotope composition of individual
fatty acids in the shrimp samples were very variable,
with values ranging from -12.5%. for 18:1(n-7) in small
adult (by) to —=33.1%. for the NMID 20:2A5,13 in small
adult (d,) (Table 3, Fig. 3). Even within single animals,
the 8°C of fatty acids varied by up to 18.8%. [small
adult (b), Table 3]. The stable isotope compositions
were least variable in the 2 highly pigmented small
adult shrimp and were typically in the range -20 to
—25%o [range of 8.6 and 7.8%. for adults (a;) and (b,)
respectively].

On the basis of *C/'*C isotope ratios, low pigmented
small adult and adult shrimps appear to fall into 2
categories. In these shrimp the isotope ratios for the

PUFA, 20:2 NMID, 20:4(n-6), 20:5(n-3), 22:2 NMID and
22:6(n-3) are essentially similar and comparatively iso-
topically light (=25 to -33.1%.). However, the shorter
and less unsaturated fatty acids 14:0, 16:0, 16:1(n-7),
18:1(n-9), 18:1(n-7) and 18:2(n-4) show a bimodal dis-
tribution of isotope compositions {Table 3, Fig. 3).
Thus, in small adults (b;) and (c;), adult (a;) and the
female shrimp, these fatty acids are comparatively
enriched in *C (-12.5 to -23.6%0), whereas in small
adult (d;) and adult {bj), these fatty acids are isotopi-
cally light {(-21.8 to -29.5%o). It is notable that these lat-
ter 2 shrimp, i.e. with '3C-depletion in the shorter and
less unsaturated fatty acids, also contained low
amounts of triacylglycerols in their total lipid (Table 1).
The small adult (a;) again appears to be intermediate
and its isotope values for these fatty acids span the
range -19.3 to 24.2%.. The stable isotope composition
of fatty acids in the adult female and corresponding
egg were similar, although corresponding fatty acids in
the eggs tended, overall, to be isotopically heavier
than those in the female (Table 3).
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Fig. 2. Mirocaris fortunata. Proportions of different groups of component of the fatty acid pool of adult M. fortunata,
fatty acids from various life history stages of shrimps sampled and this suggests that these bacteria are not a major

from the Lucky Strike vent site. SFA: saturated fatty acid;

MFA: monounsaturated fatty acid; NMID: non-methylene nut_rltlt_:)nal source for this species, either dl'rectly
interrupted dienes; PUFA: polyunsaturated fatty acids, i.e. 3or or indirectly. In contrast to TAG and Snake Pit, the

more double bonds high temperature fluids associated with the Lucky

Table 3. Mirocaris fortunata. '*C/'*C isotope values of fatty acids and fatty alcohols (in parentheses) from various life stages. (All
values corrected for -41 %. methanol and -27 %. acetate derivatization reagents; pigm.. pigmentation; nd: not detectable)

Small adult Small adult Small adult Small adult Small adult Small adult Adult Adult Female with eggs
low pigm. low pigm. low pigm. low pigm. highpigm. highpigm. (a3) (b3} Female Eggs
(a1) (by) {cy) (dy) (as) (ba)

Total length 18 22 22 22 17 19 25 26 25

(mm)

Fatty acid
14:0 -19.3 -15.2 -16.6 -25.1 nd nd -136 -218 -152 -166
16:0 -23.8 (-26.2) -153 -22.5 -26.2  -236 {-21.7) -209 (-21.0) -150 -261 -150 -149
16:1(n-7) -21.6 -12.6 -19.9 -258 -22.5 -208 -139 -248 -133 -130
16:2(n-4) nd nd -24.9 nd nd nd -231 nd -227 =223
18:0 -269 (-243) -225 -25.5 -29.8  -27.7 (-24.7) -251 (-23.8) -23.9 -284 -249 -218
18:1(n-9) -225 (-249) -205 -20.1 -29.5 -19.0 (-214) -182 (-20.8) -174 -269 -167 -134
18:1{n-7) -24.2 (-25.5) -125 -23.6 -27.9 -248 (-23.7) -226 (-226) -12.7 -27.0 -13.0 -147
18:2(n-6) -31.0 nd -30.0 nd nd nd nd -313 nd -26.5
18:2(n-4) -23.0 -22.2 -20.3 -289 nd nd -20.1 -284 222 -179
20:2A5,13 -31.2 -25.0 -31.8 -33.1 - - -280 -314 -255 -243
20:4(n-6) -29.6 nd nd nd -23.1 -253 nd nd -303 nd
20:5(n-3) -29.8 ~-31.3 -32.6 -31.8 -226 -214 -318 -320 -303 nd
22:207,15 -30.2 -27.4 -30.9 -32.1 - - -287 -315 -268 nd
22:5(n-6) nd nd nd nd -23.6 -26.0 nd nd - -
22:6(n-3) -27.0 -28.7 -31.7 -29.2 202 -183 nd -305 -288 nd
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Fig. 3. Mirocaris fortunata. The 8'°C composition of (A) fatty
alcohols from high pigmented small adult (a;), and selected
fatty acids from (B) high pigmented small adult (a,;), (C) low
pigmented small adult {d;), and (D) the egg carrying female

Strike system contain low concentrations of sulphide
(<3.3 mmol 1I"!) (Van Dover 1995). This could explain
the limited contribution of filamentous sulphur oxidiz-
ing bacteria in the diet of M. fortunata, as concluded
from fatty acid analyses, and may also account for the
low abundance of R. exoculata at Lucky Strike (Segon-
zac pers. obs.).

However, although these sulphur oxidizing bacteria
containing 16:2(n-4) and 18:2(n-4) fatty acids do not
appear to be an important dietary component for Miro-
caris fortunata, the high levels of 16:1(n-7) and 18:1(n-7)
fatty acids coupled with relatively high levels of NMIDs
[fatty acids which are elaborated from 18:1(n-7)} do
indicate a significant component of other bacteria in
the diet of this species. The samples of M. fortunata
analysed in the present investigation were collected
from an area extensively colonised by vent mussels
(Bathymodiolus sp.). It seems plausible that a non-

sulphur oxidizing bacterial food source associated with
the mussels and/or mussel-derived material, such as
pseudo-faeces and mucus, contributes to the diet of
this shrimp. The contribution of ‘mussel-derived ma-
terial’ in the nutrition of vent communities has been
reported previously. In a study of organisms from the
Galapagos Rift hydrothermal vent site, Fisher et al.
(1994) found a tight coupling between the stable iso-
topes composition of the mussel Bathymodiolus thermo-
philus and the gastropod Phymorhynchus sp., which
suggested that a substantial proportion of the gastro-
pod diet was derived from the mussels.

In the present study, this supposition is also sup-
ported by *C/'*C stable isotope analyses of individual
fatty acids. Low pigmented small adult and adult
shrimp contained a number of comparatively light
8'3C fatty acids (approx. —27 to =33 %), the 8'°C values
which are typical of thiotrophic organisms. It should
be noted that §'°C values of ca 12%. are also charac-
teristic of thiotrophic bacteria as isotope ratios for
these organisms tend to be bimodal (Fisher et al.
1990). MAR vent mussels from Snake Pit (Bathymodi-
olus puteoserpentis) are known to contain thiotrophic
symbionts (-33.7 to —34.5%.; Cavanaugh et al. 1992).
Transmission electron microscopy of these mussels
has also indicated the presence of endosymbionts
with stacked intracellular membranes similar to those
found in methylotrophic mussels from the Pacific sites
(De Angelis et al. 1991, Cavanaugh et al. 1992).
Enzyme assays of the mussel gill tissue has confirmed
the presence of methanol dehydrogenase, an enzyme
which is indicative of methylotrophy and the utilisa-
tion of CH, as a carbon source (Cavanaugh et al.
1992). The mussels at Lucky Strike also contained
both thiotrophic and methylotrophic endosymbionts
(Fiala-Médioni et al. 1996}, although the §3C value
for total carbon was higher, i.e. =24.1%. (Van Dover et
al. 1996). Fiala-Médioni et al. (1996) suggested that
the higher 8"°C value at Lucky Strike indicated a
greater importance of methane in this ecosystem, a
supposition which is supported by the relatively high
concentrations of methane in the seawater at this site.
However, as the 8'°C of this methane source has not
been determined, such an assumption remains specu-
lative.

The PUFA 20:5(n-3) and 22:6(n-3) in the low pig-
mented small adults and adults were isotopically light
(-27.0 to -32.6 %0, i.e. substantially lighter than in the
pigmented shrimp), which suggests that these com-
pounds were synthesised from carbon ‘fixed’ within
the vent ecosystem. Bacteria in general do not synthe-
sise PUFA as they lack the necessary O,-dependent
fatty acid desaturases. However, it has been estab-
lished that a few bacterial strains isolated from fish
guts (Yazawa et al. 1988) and some deep-sea bacteria
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can be prolific producers of 20:5(n-3} and 22:6(n-3)
(De Long & Yayanos 1986). Pond et al. (1997a) did not
find any evidence to suggest that these (n-3) PUFA
were synthesised within the TAG ecosystem; rather,
the '3C/™C composition of these fatty acids in the
TAG ecosystem was consistent with a photic origin.
However, at Lucky Strike, limited synthesis of these
fatty acids seems plausible, especially given the simi-
larity of their stable isotope compositions to the
NMIDs 20:2A5,13 and 22:2A7,15. These NMID fatty
acids are characteristic of organisms whose diets are
rich in 16:0, 16:1(n-7) and 18:1(n-7?) with a relative
paucity of PUFA, and thus are certainly synthesised
within the vent ecosystem (Ackman & Hooper 1973,
Zhukova 1991, Fullarton et al. 1995, Pond et al.
1997a). However, it is important to appreciate that the
shrimp contained only very low levels of 20:5(n-3) and
22:6(n-3), particularly the eggs, which suggests only a
limited dietary availability of these compounds for
Mirocaris fortunata. Overall, these results are consis-
tent with M. fortunata adopting an opportunistic
mode of nutrition with bacteria and mussel-derived
material featuring in its diet.

Egg lipids

Mirocaris fortunata broods a moderate number of
eggs (max. observed 500; Segonzac unpubl.) compara-
tively well provisioned with triacylglycerols. Such a
strategy is typical of open ocean and deep-sea envi-
ronments, where predation rates are generally low, but
contrasts to the situation in shallow coastal waters,
where predation pressure is high, and Crustacea typi-
cally produce large numbers of smaller eggs (Pollock
& Melville-Smith 1993). Most notably, the eggs of M.
fortunata contained very low levels of 20:5(n-3) and
22:6(n-3), nutrients which are generally considered
essential for growth and development of higher marine
organisms where they serve a fundamental structural
role in cell membranes. In particular, the embryonic
and larval stages of marine organisms require sub-
stantial amounts of these compounds, as these early
life-history stages typically exhibit very fast growth
and development rates (Sargent et al. 1995, Pond et al.
1996). It has previously been established that the lipid-
rich larvae of some vent shrimp species adopt a typi-
cally bathypelagic lifestyle which is thought to facili-
tate dispersal of these species (Herring 1996, Pond et
al. 1997b). However, the fatty acid composition of the
eggs of M. fortunata suggests that nutritional factors
may also be important in determining the requirement
for a pelagic phase in the life-history of vent shrimp.
Thus the larvae may be required to swim up into the
water column in order to obtain essential nutrients

such as PUFA from photically derived material to
enable normal growth and development during the
zoeal and post larval stages.

Life history strategy

The difference in lipid compositions between the
high and low pigmented small adults is impressive.
The lipid composition of the highly pigmented indi-
viduals, both in terms of lipid class (wax esters) and
fatty acid profiles [18:1(n-9)/18:1(n-7) ratio, 20:5(n-3)
and 22:6(n-3)] is similar to that of the planktonic larvae
of vent shrimp (Pond et al. 1997b). This evidence alone
strongly suggests that these pigmented small adults
had also spent a considerable period of their early life
stages leading a planktonic existence and had recently
metamorphosed before settling at the Lucky Strike
vent site. This supposition is convincingly supported
by GC-IRMS analysis of the fatty acids and fatty alco-
hols. The ®C/!2C isotopic composition of carbon fixed
within the surface layers of the marine environment
typically range from -17 to -27%. (Goericke et al.
1994). Thus, values of —18.5 to —27.7%. for the fatty
acids and fatty alcohols in the high pigmented small
adults is entirely consistent with a photosynthetic car-
bon source for these compounds. The difference in
lipid composition between the high and low pig-
mented shrimps could suggest that these shrimp are
different species, although genetic information sug-
gests that this is not the case (Dixon unpubl.).

The §'°C isotope composition of fatty acids from low
pigmented small adults and adults were much more
variable (-12.5 to -33.1%), particularly data for the
fatty acids 14:0, 16:0, 16:1(n-7) 18:1(n-9) and 18:1(n-7),
which exhibited a bimodal distribution. Bimodal distri-
butions in the stable isotope compositions for the total
carbon content of hydrothermal vent organisms have
been reported previously and primarily attributed to
differing nutritional sources of isotopically distinct
microrganisms (Fisher et al. 1994, Van Dover & Fry
1994). Although the samples of Mirocaris fortunata
from Lucky Strike were collected from the same local-
ity, it is plausible that microscale variability in the food
environment of the shrimp accounts for this finding.
This would imply that the shrimp are either territorial
and hence are restricted to a particular microhabitat or
that different shrimp have different feeding prefer-
ences. However, it is also possible that the reproduc-
tive condition of the shrimp accounts for some of the
variability in 8°C values observed in the fatty acids.
This study has established that adult female shrimp
and their eggs are rich in triacylglycerols, compounds
which predominantly comprise saturated and mono-
unsaturated fatty acids. In the female shrimp and eggs
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these fatty acids are isotopically heavy which may
reflect a more active metabolism/synthesis of these
compounds during gonadogenesis. Unfortunately the
shrimp were not sexed, so it is not possible to tell if
shrimp with similar lipid profiles were females (i.e.
high levels of triacylglycerols and isotopically heavy
saturated and monounsaturated fatty acids) such as
small adults (b;) and (c;) and adult (az). Clearly more
samples are required to establish if this is correct.

The lipid composition of the small adults with only
low levels of pigmentation could be explained either
by these animals adopting a planktonic phase for a
short period of time before encountering a suitable
vent site, or having fed and developed in close prox-
imity to the vent environment itself. The capacity for
some marine organisms (protochordates) to produce
larvae with different behaviours, i.e. one which devel-
ops in the vicinity of the vent site, whilst another
adopts a planktotrophic lifestyle and delays meta-
morphosis to facilitate more widespread dispersal, is
established in the literature (Goldschmidt 1933, Gibbs
& Wickstead 1996). Thus Mirocaris fortunata could
potentially adopt a strategy of hedge betting, a neces-
sary strategy given the unpredictable life-span and
geographically dispersed nature of the vent sites, and a
strategy which is possibly a key factor in the long-term
survival of these organisms. However, a further possi-
bility which could account for the low pigment content,
the absence of wax esters and low levels of PUFA in
some small adults, should not be overlooked. If these
shrimp had returned to the vent site at a much earlier
date than when sampled, they could subsequently
have catabolised any lipids accumulated during a
planktotrophic phase. As yet no information is avail-
able on the growth rates of M. fortunata, which means
that no firm conclusions can be drawn.

Assuming that some larval shrimp do feed and
develop at the vent site, then what are the nutritional
implications for this strategy? Such a strategy may only
be possible during particular seasons, i.e. immediately
post-spring bloom and in years when the flux of mate-
rial derived from the surface-layers is adequate. There
is some evidence indicating that surface-layer-derived
material reaches the MAR vent sites (Dixon et al.
1995), although the biochemical composition of this
material has not been established. Given that the
Lucky Strike vent site is only 1600 to 1700 m deep, it is
plausible that, in some circumstances, phytoplanktonic
material of sufficient nutritional quality reaches the
vent ecosystem and allows successful reproduction
and development of shrimp larvae. Caridean shrimp
from shallow water environments are known to carry
eggs for protracted periods of time, with the eggs
hatching when environmental conditions are suitable.
Indeed, in some marine Crustacea which brood eggs,

increased maternal food availability results in the pro-
duction of ‘hatching factors’ which induce the synchro-
nous hatching of eggs (Holland et al. 1985). These
‘hatching factors’ are trihydroxylated fatty acids,
derived from dietary 20:5(n-3) (Hill et al. 1993). This is
a potential mechanism whereby Mirocaris fortunata
could synchronise the hatching of its eggs with the
occurrence of a favourable nutritional environment.

Although the results presented here provide valu-
able insights into the life-history strategy of Mirocaris
fortunata, we suggest that caution should be exercised
when extrapolating this information to other vent
shrimp species. M. fortunata differs fundamentally
from other species of hydrothermal vent shrimp in that
it only attains a comparatively small size at maturity.
Moreover, given the relatively low number of these
shrimp collected so far, a high proportion of females
has been found carrying eggs, which is in marked
contrast to species such as Rimicaris exoculata. Finally,
no larval specimens of M. fortunata have been identi-
fied so far from the plankton (Dixon unpubl.). Never-
theless, the results presented here do suggest that the
larvae of this species are capable of adopting a bathy-
pelagic lifestyle.
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