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ABSTRACT: To understand the tube growth process of Riftia pachyptila, morphological aspects of
worms and their tubes were studied. In parallel, tube secretion experiments were performed on live
animals, in pressure aquaria. Dry weights of the secretions, along with their chitin content (a major
component of the tube) were used to quantify tube production. Our results show a variation of the gross
morphology of the plume and the trunk of R. pachyptila during its growth and indicate that vestimen-
tum length and tube diameter could be useful indices of individual and tube sizes of R. pachyptila. The
presence of clumps of freshly secreted tube material at the base of the exoskeleton as well as the new
observation of bifid tubes allow us to propose a model of tube growth at both ends. In this model the
tube growth would exhibit a moulting-like step. Bifid shapes may help in space displacement, and the
modification of the positioning in height relative to a vent could be used by an individual to modify its
access to vent fluid. Tube growth at the apical end facing the plume has been quantified as a mimimal
estimate of the rate of tube production. Experiments performed on repressurized worms indicate that
1 mm? of worm vestimentum area may secrete more than 2 pg of dry weight tube matenal per day,
leading to a minimum tube growth rate of 14 ¢cm yr'!. When compared to other marine ecosystems, it is
obvious that chitin production per unit of area of the the vent communities, based on the R. pachyptila
alone, are the highest recorded and similar values were only recorded in polluted freshwater environ-

ments.
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INTRODUCTION

It has been shown that the rate of growth in length of
Riftia pachyptila, the giant hydrothermal vent tube-
worm, 1s extremely fast when compared to growth
rates of other marine invertebrates (Lutz et al. 1994).
However, little is known about the process of tube
growth although it is integral to the growth of the ani-
mal. The tube is a good marker of the animal growth
rate as its length can be easily estimated in situ from
pictures and video observations as well as from mea-
surements on captured worms (Fisher et al. 1988,
Fustec et al. 1988, Roux et al. 1989, Tunnicliffe et al.
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1990). There is a problem, however, in that the body
length can be shorter than the tube length (Fisher et al.
1988) and the percentage of tube length occupied by a
worm apparently depends on the environmental vent
flow (Childress & Fisher 1992). Such observations sug-
gest that the tube growth rate may be different from
that of the worm itself

In contrast with the other known species of vesti-
mentiferans, whose tubes are conical in shape, the
tube of Riftia pachyptila is primarily cylindrical, which
leads to puzzling questions about its growth process.
How does R. pachyptila accommodate its growth in
width in a cylindrical tube? Does the tube increase in
length only at the apical end as assumed by Gardiner
& Jones (1993) or does it grow at both ends?
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To understand the tube growth process we first
analyzed morphological aspects of tubes from Riftia
pachyptila of various sizes and performed morphometric
measurements of the animals' bodies and their corre-
sponding tubes. The presence of clumps of freshly
secreted tube material at the base of the tubes as previ-
ously reported by Jones (1981) as well as the new obser-
vation of bifid tubes lead us to analyse the occurrence of
these phenomena in different size classes of tubes. Com-
plementary cytological analyses from the body wall fac-
ing these clumps were also made. Together these data
allow us to propose a model of tube growth. Our results
indicate that the tube grows at both ends.

The tube growth at the apical end facing the plume
as a minimal estimate of the rate of tube production has
been quantified. Experiments were performed on
repressurized worms in order to obtain fresh tube
secretions. Our results are the first related to tube pro-
duction on a daily time scale in contrast to previous
estimates involving time scales of several months
(Roux et al. 1989, Lutz et al. 1994). Amongst the com-
ponents of the tube, chitin is an extracellular polysac-
charide that is widely encountered in various phyla
(Jeuniaux 1963). Thus the amount of chitin secreted in
tube production (Gaill 1993} was measured and used
as a quantitative measure of the tube secretion in order
to compare exoskeleton production from various
marine ecosystems.

MATERIJAL AND METHODS

Animal collection. Specimens of Riftia pachyptila
used in this study were sampled at 2600 m depth dur-
ing the French US HERO cruises and the following US
cruises at the 13° N and 9° N sites on the East Pacific
Rise. Sampling was done with the submersibles NAU-
TILE (HERO [, 1991) and ALVIN (HERO II, 1992, 1994,
1995). Complementary observations were also made
during HOT 96 (February and March 1996, same
areas). Animals were collected from several areas on a
number of different dives and placed in an isothermal
box for the trip to the surface.

Measurement of tubes and animals. Measurements
(length and diameter) of the different worm parts were
made on fixed specimens (10 % neutralized formalin).
The trunk length includes the opisthosome part. More-
over, the surface of the vestimentum was calculated,
assuming the vestimentum is a cylinder with the
recorded length and diameter of the vestimentum
being the length and diameter of the cylinder. It was
not possible to measure all parameters on all speci-
mens as the tubes of several specimens were not avail-
able, and the plumes were sometimes grazed by
predators. The methods used for analyzing the biomet-

ric data are the linear regression model and Spear-
man's rank correlation coefficient (Sokal & Rohlf 1995).
One-tail and 2-tail comparison tests between means of
2 independent samples or paired samples have been
computed assuming a significance level of p = 0.05.

Bifid tube and distal clump analysis. Observations
were made on either chemically fixed animals or fresh
ones on board ship. Measurements related to the
clumps' distribution were made on a smaller sample
population (about 30 tubes of various sizes from 3 to
75 c¢cm) which did not allow such precise analysis and
only qualitative results are presented.

Cytological analysis. Pieces of animals were fixed as
previously described in Gaill & Hunt (1986), with a 3%
glutaraldehyde buffered solution, post-fixed in a 1%
0sQ, solution, and embedded in Araldite resin. Thin
sections were obtained from a Reichert-Jung Ultra-
microtome, and stained with uranyl acetate and lead
citrate. Observations were carried out on a Zeiss 912
TEM, operating at 80 kV

Tube secretion experiments. Tube secretion experi-
ments were done during the HERO II cruise (March
1992). During the submersible ascent, the worms were
kept in an isothermal container (4°C), and were sub-
mitted to a 260 atm decompression in about 2 h. Two
worms (P5 and G5) were placed in pressure vessels as
soon as they arrived on board the ship. Two days later,
a third worm (P3) was placed in the same vessel, and
was kept there for 3 d, whilst P5 and G5 were kept in
the vessel. This meant that P5 and G5 were submitted
to a decompression/recompression cycle after 2 d of
the 5 d experiment. All 3 animals were kept at a pres-
sure of 210 atm and a temperature of 8°C, under a con-
tinuous, flow-through sea water circulation. Establish-
ing or releasing pressure in the vessel only took a few
seconds. Before pressurization, a polyethylene ribbon
was inserted in between the worm and its tube (Fig. 1).
Immediately after recovery from the pressure vessel,
the animals were separated from their tubes. Whilst P5
and P3 appeared to be still alive, G5 was dead. The
tubes were cut open in order to separate the tube from
the polyethylene sheet on which fresh tube material
had been laid by the worms (Fig. 1). Square pieces of
polyethylene sheet were cut, their areas measured,
and the corresponding fresh tube material was gently
scraped off with a scalpel. This material was lyo-
philized and weighed, prior to biochemical analysis of
the protein and chitin contents.

Chitin and protein analysis. These analyses were
done as previously described (Shillito et al. 1995a).
Pieces of air-dried tubes were carefully washed 3 times
in distilled water, dried in vacuo over NaOH, and
weighed. After treatment for 4 h at 20°C with 0.5 N
HCl solution and washing in distilled water, they were
dried and subsequently subjected to 2 successive 3 h
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Fig. 1. Riftia pachyptila. Basal extremity of the tube from a re-
pressurized animal (G5), after the tube secretion experiment.
Diameter of the tube at the apex is 25 mm. (A) Side-view illus-
trating the conditioning of the animal. A polyethylene ribbon
{p) was inserted through the tube, by 2 diametrically opposite
vertical slits (s), at about 3 ¢cm from the tube apex. Then the 2
emerging extremities of the ribbon were fastened together,
and a rubber band (r) was tied around the tube, to prevent
slipping of the ribbon. Thus, part of the ribbon is in between
the animal and its tube (left of the slit), facing the vestimen-
tum region of the worm. When cutting the slits, a stick was
used to keep the amimal down in the tube, so that it could not
be harmed by the scalpel. At the apex, a gelatinous collar 1s
observed (c), corresponding to freshly laid tube material.
(B) Top-view showing the inside of the tube. The polyethyl-
ene ribbon (p) can still be observed and followed (dotted
lines) around the tube, although 1t 1s covered by a translucid
layer of freshly laid tube maternial, as witnessed by the shiny
aspect of the surface (arrowhead)

treatments with 0.5 N NaOH at 100°C. Proteins were
assayed in NaOH extracts by the Lowry method
(Lowry et al. 1951). Chitin was enzymatically assayed
in residues, after HCl and NaOH extractions, accord-
ing to Jeuniaux (1963).

Tube production estimation. The tubes were air-
dried during the cruise. They were later dried for 2 d,
at 50°C, under vacuum, and weighed. In order to com-
pare to other data, expressed in cm yr'!, we used dry
weight and length of each animal's tube to determine
linear mass of the tubes. Only the part of the tube occu-
pied by the worm was considered, and it was roughly
divided in 5 parts, which were individually weighed.
These data provide the relationships between the
secreted areas, their weights and their percentages of
chitin and protein. On the basis of tube production by
the only vestimentum during the experiment, an esti-
mation of annual production was made, assuming that
tube secretion had been continuous (see Table 2). The
estimated tube production of each individual was com-
pared to its own dried tube weight, considering only
the parts of the tubes actually inhabited by the worms
(the part situated above the clumps).

RESULTS
Morphological analysis

The morphological characteristics of the studied
tubeworm population are summarized in Table 1. Tube
sizes are significantly correlated with the total length
(Spearman’s rank correlation coefficient, r, = 0.91, p <
0.001, n = 63). Fig. 2 displays the estimated regression
equation of tube length (Ltube) as a function of worm
length (Ltot), after log transformation of both variables,
in order to stabilize the variance (r? = 0.922, n = 63).
These data show that the tube length is generally
greater than the total length of the animal. The maxi-
mum tube size is not from the longest animal (Ltot =
32.2 c¢m), although both minima are from the same
individual. Four measured specimens present a total
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Fig. 2. Riftia pachyptila. Logarithm-transformed relationship

between between total body length (Ltot) and total length of

the tube (Ltube). In(Ltube) = 0.994In(Ltot) + 0.295,12=0.922,n =
63, p < 0.001 {(n: sample size; r: Spearman’s rank coefficient)
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Table 1 Riftia pachyptila. Morphological characteristics of the studied tubeworm population. Mean values, standard deviation
(SD), minimum and maximum values were calculated for each characteristic measured in n individuals. Lvest: vestimentum
length; Dvest: vestimentum diameter; Dtube: tube diameter at the apex; Svest: vestimentum surface area

Characteristics Mean
Total length of worm's body: Ltot (cm) 26.2
Total length of tube: Ltube (cm) 39.2
Length of plume (% of total length) 25.3
Length of vestimentum (% of total length) 16.9
Length of trunk (% of total length) 57.9
Lvest {cm) 4.5
Dvest (cm) 1.5
Dtube (cm) 1.7
Svest (cm?) 26.7

SD Minimum Maximum n
15.9 1.6 65.1 92
21.7 2.7 95.0 71
7.2 113 60.0 92
3.5 11.8 30.0 92
8.2 10.0 71.0 92
2.5 0.3 10.0 101
0.7 0.15 2.9 101
0.7 0.2 2.9 71
209 0.2 911 101

length slightly greater than the tube length. However,
a 1-tail comparison paired test shows that the mean of
the individual size is significantly less than that of the
tube length (paired ¢ value = -9.765, p < 0.001, n = 63).

We observed that the relative proportions of the
body vary with worm size (not shown). The relative
lengths of the plume and vestimentum tend to
decrease as total length increases while trunk length
increases at the same time. This is confirmed by the
correlations between these parameters (r;) which are
significantly positive for the trunk (r, = 0.57, p < 0.001),
and significantly negative for the plume (r, =-0.49, p <
0.001) and vestimentum (r, = -0.23, p < 0.05). Thus,
shorter worms have a relatively longer plume than
larger ones, and larger worms have a relatively longer
trunk than shorter ones. To a lesser extent, shorter ani-
mals have a longer vestimentum. Complementary
analyses have shown greater dispersion for the small
sizes (<10 cm). The same trend is observed when rela-
tive lengths are analyzed with the size of the tube.

Table 1 shows that vestimentum length (Lvest) and
tube diameter at the apex (Dtube) could be useful
indices of individual and tube sizes of Riftia pachyptila.
Tube diameters are significantly correlated with the
vestimentum diameter (Dvest) (1, =0.961, p<0.001, n =
71). We estimated the linear regression equation of
Dtube as a function of Dvest (r? = 0.948). The slope
(1.059, 95% confidence interval = +0.059) is signifi-
cantly greater than 1 (p < 0.05), but both values differ
only slightly.

Tube growth process

Fig 3A illustrates the bifid tube morphology ob-
served over a wide size range of worms (from 3 to
75 cm) with considerable variation among the worms
in the exact morphology. Observations of living tube
worms on board ship showed that one part was unin-
habited by the worm. The 2 parts were dissimilar in

their texture, suggesting that the unoccupied limb was
older than the other. The putative older parts were fre-
quently partially dissolved or torn, and quite flimsy in
structure as compared to the robust structure of the
parts occupied by the worms.

These bifid tubes contain freshly secreted septa both
in the older and more recent parts (Fig. 3B). Such septa
were also found in non-bifid tubes, however the per-
centage of septa and length occupied by them were
higher in analyzed bifid tubes (data not shown). These
septa were found in up to 1/3 of the total tube length
(worms collected during 1995). Up to 15 successive
septa were found in the basal part of the tube. These
septa were variable in number and aspect from one
animal to the next. Some septa were gelatinous and
translucent whereas others were more solid and firmly
stuck to the tube wall. These characteristics were not
correlated with tube size, that is, they occurred in small
as well as in large worms and seem to be related to the
time since secretion.

Cytological analysis of the opisthosome facing these
clumps has shown it to contain tube-secretion glands
and a high density of the structures involved in chitin
secretion. Fig. 3C, D show, at high magnification, the
apical border of such cells. Membranous cup-shaped
organelles, of around 0.3 pm in diameter, are ob-
served, some of them harboring a nascent chitin
microfibril (Fig. 3D). These unique and peculiar
organelles have been shown to be intimately involved
in the chitin synthesis process (Shillito et al. 1993,
1995b). This corroborates the occurrence of tube secre-
tion at the basal part of the worm and identifies the
opisthosome as the site of secretion.

Tube secretion experiments
As described in 'Materials and methods’, analyses

(Table 2) were performed on the tube secretions pro-
duced in the shipboard experiments. The area of the
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Fig. 3. Riftia pachyptila. Basal part of worm's tube, and ultrastructural observations of opisthosome glandular cells. (A) Basal part of
a bifid tube. The tube is about 2 cm diameter at the point where it splits into 2 extensions. One extension (0} is aligned with the tube:
the extremity is torn, and appears opague (). The second extension {n) points sideways to the tube axis. Black particles from min-
eral substrate (s) cover the surface of the tube extension. A superficial border between tube and extension is observed (arrow). {B) Sec-
tion of the basal part of a tube (2 cm in diameter), which has been cut open, so to allow observation of the ‘clumps’ (arrowheads).
Clumps appear as a succession of gelatinous translucid sheets. In this case the spacing between clumps is in the 5 to 10 mm range.
(C)and (D) Transmission Electron Microscope (TEM) observations of the apical border of glandular cells facing the extracellular lu-
men (I) in the opisthosome. Numerous vesicles (v) indicate a secretion activity. Longitudinal (C') or transverse (D) sections of cup-
shaped structures are observed (arrowheads). These structures are identical are responsible for chitin synthesis, a major component
of the animal's tube. In (D) a section of a nascent chitin microfibril can be seen inside cup-structure cavities (arrows). Scale bar =1 nm

tube where secretion was measured faced the animal's Only the chitin content is indicated in Table 3. The
vestimentum. In order to obtain conservative, minimal fresh tube secretion contains about 25% chitin of dry
estimations, our calculation assumes that only the ves- weight. The protein contents obtained were 45, 50.8,

timentum is a tube-producing region. and 39.3 % of dry weight for the P3, P5, and G5 animals
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Table 2. Riftia pachyptila. Tube material freshly secreted during the pressure experiment (fresh tube material: Ftm) was weighed

for all 3 individuals and compared to the surface area of the vestimentum. An estimation of a daily or annual production of tube

by the vestimentum was obtained, expressed in mg d-!, g yr!, or related to the dry weight of each animal's occupied tube (1.89,
4.6, and 4.87 g respectively for P3, P5, G5)

Sample

Calculated vestimentum area (mm?)

Dry weight of Ftm (pg mm™? of vestimentum surface)
Theoretical daily production of vestimentum (mg d-')
Theoretical annual production of vestimentum (g yr})
Annual vestimentum production in % of tube dry weight

P3 P5 G5
1100 1410 3970
6.41 521 5.31
2.35 1.47 4.22

0.858 0.537 1.540
45 12 32

Table 3. Riftia pachyptila. Dry weights and chitin content of
fresh tube material (Ftm) facing the vestimentum, for the re-
pressurized animals

Sample P3 P5 G5
Ftm area (mm?) 195 365 518
Dry weight of Ftm (mg) 1.25 1.90 2.75
Fim dry weight/area (ng mm™) 6.41 521 531
Fim total production (pg mm2d™') 214 1.04 1.06
Chitin (% of Ftm dry weight} 246 23.8 28.9

respectively. Our results show that the vestimentum
may secrete 1.47 to 4.22 mg of dried tube material in
1 d (Table 2), leading to an estimate of minimum tube
growth rate of up to 14 cm yr!' {Table 4). Our values
are at the lower limit of other data, but nevertheless
quite consistent with the latter, given the facts of the
worms being studied after removal from their habitat
and our underestimation of the secretory area of these
worms.

DISCUSSION
Morphometric measurements
Our results are similar to those of Fisher et al. (1988).
Not surprisingly, a 1-tailed test shows that the mean of

the total length of Fisher's population
is significantly greater than our mean

0.001; and |z| = 2.42, p < 0.01, respectively) which
results from the influence of the smaller sized individ-
uals present in our sample. This shows a variation of
the gross morphology of the plume and the trunk of
Riftia pachyptila during its growth.

Smaller animals have a longer plume when com-
pared to larger ones. A long plume length may allow
the juvenile to maximize exchange with the environ-
ment in order to assure a sufficient supply of nutrients
to its symbionts. The relative size of their vestimentum
exhibits a higher potential capacity for tube secretion
which can enable them to grow faster. Adults have just
to support their symbiont populations and to maintain
their tube, facts which may explain their relatively
longer trunk.

Marker of growth rate

The apical tube diameter from different vestimen-
tiferan species has been shown to be correlated with
the dry (Jollivet 1993) or the fresh (Tunnicliffe 1991)
weight of the worms. Our results indicate that vesti-
mentum length and tube diameter could be useful in-
dices of individual and tube sizes of Riftia pachyptila.
Because plumes could be abraded, and fragile trunks
damaged during sampling, manipulation or preserva-
tion, the rigid vestimentum appears to be the most suit-
able structure upon which to base such an index.

Table 4. Riftia pachyptila. In situ and in vitro growth rate of tubes

{z = 8.87, p < 0.001). A 2-tailed test
between the means of the relative
lengths lead to the conclusion that the
relative lengths of the vestimentum for
both analyzed samples are not signifi-
cantly different from each other (|z| =
0.108, p > 0.05). However, the relative
lengths of the plume and of the trunk
for the 2 samples are significantly dif-
ferent from each other (|z| = 3.11, p <

Source

Fustec et al. (1988)
Roux et al. (1989)
Lutz et al. (1994)
Present study

Reported or estimated R. pachyptila Location

tube growth rate (cm yr!)

Estimated: 10 to 25
Estimated: 14

EPR 13° N (Pogosud)
EPR 13° N (Parigo)

Reported: 85 EPR9°N
P3: 14 EPR 13° N
P5: 4

G5: 12
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Fig. 4. Riftia pachyptila. A model of the worm's growth process. At each
step (1 to 5), thick lines represent newly formed tube, with respect to pre-
vious step. {1) Schematic representation of the animal in its tube (T),
attached to the mineral substrate {S), with the opisthosome (O) resting on
a base formed by a series of clumps (C}); the vestimentum (V) leveling at
the tube apical end, and the plume {P) emerging in the surrounding
medium. (2) The worm synthesizes clumps at the basal part of the tube,
and also adds tube length at the apical end. At some point, the unoccu-
pied basal part of the tube proves unsufficient to maintain the animal’s
position (3). This may be due to tube decay (the basal part cannot be
renewed, since it is isolated from the worm), to the animal’s increasing
size, and/or to gradual pressure building up in between neighbouring
tubeworms of the same bush. Consequently, the worm starts dissolving
its tube, and further synthesizes a new basal tube extension (4), 1n order
to find an anchoring point on the substrate. After this has been achieved,
the worm produces new clumps, which allow it to rest further up in its
tube, and carry on tube elongation at the apical end (5]

cation would change the worm position rel-
ative to its initial one in space. Also, by re-
modeling the tube base, the animal can
adapt it to its increasing size, as opposed to
other vestimentiferans, which inhabit coni-
cal-shaped tubes (Gardiner & Jones 1993).
Rapid polymerization of the new part would
allow a new settlement site relative to the
vent. By its weight displacement the old
part would fall down.

Space competition to vent access

Such a growth pattern would also allow
adaptation to the fluctuating environment.
First, the high growth rate will rapidly
modify the position of the worm relative to
the vent fluid. Second, Riftia pachyptila are
found in clumps where space competition
will be important for fluid access, consider-
ing the growth rate of these worms. This
competition will be more acute as newly
settled worms are added to the initial popu-
lation during the life time of the animals,
thus modifying their respective positions
relative to the vent source. Bifid shapes

Model of the growth process

Growth in length and increases in width are 2 ways
to solve the problem of reduced space available inside
the tube. Based on our data, we propose a model for
growth in which these 2 aspects are accounted for
(Fig. 4). One way of growing is a 2 step process: first to
secrete septa at the basal end which can support the
worm and then to produce a new apical end lengthen-
ing the tube. We found 1 living sample with a very thin
tube wall whose animal was only occupying % of its
tube length (20 cm) {(not shown). The other way is a
3-step process, adding to this operation the dissolution
of the tube wall facing the new position of the opistho-
some, and the synthesis of a tube base, towards a new
anchoring point on the substrate (Fig. 4). Once this is
achieved, the animal secretes new septa, so that it rests
higher in the tube, in order to carry on with tube apical
elongation. We noticed that the worm contraction is
such that the worm may shorten by %4 of its maximum
length. This maximum shortening is higher than the
length occupied by the clumps which can reach about
V.. This indicates that at least half of the old tube part
would remain as part of the new tube. Such a modifi-

may help in space displacement in a crawl-
ing-like process. The modification of the
positioning in height relative to a vent
could be used by an individual to modify its
access to vent fluid.

Riftia pachyptila tube growth involves
a moulting-like process

In this model the tube growth would be discontinu-
ous in some way and would exhibit a moulting-like
step. This is confirmed by the unoccupied tube frag-
ments which remain attached to the basal parts of the
tubes (Fig. 3A). In fact overall tube growth would be
discontinuous on the life time scale of the animal but
continuous at the time scale of the tube wall formation.
It would be different from what occurs in arthropods in
that part of the old tube would be conserved by the
animal.

The occurrence of bifid tubes indicates that a disso-
lution process occurs at the basal part, which may
involve protease or chitinase secretion by the opistho-
some. Twice, a juvenile (1 cm in length) was observed
orthogonally crossing the tube wall of the adult. Half of
the body was in the inner part of the adult tube indi-
cating the ability of the opisthosome to break down the
tube material.
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Table 5. Annual chitin production from various marine ecosystems {(from Jeuniaux & Voss-Foucart 1991), as compared to that of
a clump of Riftia pachyptila. These data are based on results from Table 4, assuming a density of 178 individuals m™? as witnessed
by Fustec et al. {1988)

Community Chitin production in g m 2 yr! Ecosystem
Clumps of vestimentiferans P3 P5 G5 Hydrothermal vents
38 23 79
Surface zooplankton® 1 Pelagic
Krill® 53 Pelagic
Benthic sessile and vagile biological cover 1 Benthic
Large decapod species 6 Rocky shores (0 to 200 m)

*For a water column of 100 m 1n depth; "for a water column of 500 m in depth

Tube growth rate

In our calculations, only the vestimentum was con-
sidered as a tube-producing region, and the trunk and
opisthosome regions, although containing significant
amounts of tube-producing glands (Shillito et al. 1993),
were neglected. Thus, we underestimate the tube pro-
duction in this respect, as well as in several other ways.
First, in our experiments, tube-secretory activity was
surely slowed down, in comparison with in vivo condi-
tions. The in situ vent environment exhibited fluctua-
tions (Childress & Fisher 1992) while conditions pre-
vailing in the experiment (8°C, 210 atm pressure,
pH 8.2, 200 mM oxygen, and no sulfide) were constant
and differed from that of the vent environment. The
absence of sulfide for the endosymbionts, the high pH
and the low temperature are not optimal for growth in
this species. Second, we underestimate the tube pro-
duction by considering P5 and G5 over a 5 d period,
given that G5 was dead at the end of the experiment,
and that both animals had been submitted twice to the
stress of decompression (upon in situ collection, and
during the pressure experiment).

Previous experiments had shown that Riftia pachyp-
tila specimens could be maintained over 45 d in pres-
surized aquaria (Childress et al. 1984). The fact that
these animals produce fresh tube during such an
experiment indicates that their physiological state is
fairly good. This in furn suggests that R. pachyptila
withstands the collection process, equivalent to a 2 to
3 h 260 atm decompression, reasonably well.

Chitin production in marine ecosystems

Our data are the first related to tube production
involving daily time scales. Previous estimations or
reports involve time scales of several months (Roux
et al. 1989, Lutz et al. 1994) and therefore deal with
growth rates that would be qualified as ‘'mean’ com-

pared to our results, which rather represent ‘instanta-
neous’ minimal growth rates. The experimental mea-
surements of minimal growth potential are similar to in
situ observations. Underestimations due to experimen-
tal conditions and individual variations would explain
values lower than those that obtained by Lutz et al.
(1994). Complementary experiments will allow us to
test this qualitative and quantitative model of growth
process.

The chitin and protein content of the fresh tubes
were similar to previous data obtained on adult tubes
(Shillito et al. 1995a). When compared to other marine
ecosystems, it is obvious that chitin production per unit
of area of the the vent communities, based on the Riftia
pachyptila alone, are the highest recorded. Similar val-
ues (51 g m~ yr !} are only found in a eutrophic lake in
Japan (Yamamoto & Seki 1979), or in a polluted river
(21 g m~? yr'!) in Belgium (Job 1976) (in this case, exu-
viae were taken into account). The vent rates approach
100 times those of pelagic or benthic ecosystems: 80
times in our minimal estimations (Table 5) and likely
more than 400 times in the work of Lutz et al. (1994).
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