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ABSTRACT

Two different and independeni methods were used lo assess the growth rale of Thalia democratica: the method
of HErRON and BeNuAM (1985 ), which uses population paramelers, and the C :N : P ratios melhod, which is based on
physiological and chemical measurements. The hourly length increment, produced by the first method, is 25 o 28 %,
which is equivalent to a hourly weighl increment of 53 to 60 %. The second method leads o similarly high weight
increase rates of 33 to 36 %, per hour. So far, such high values have never been recorded for this species or other zoo-
planktonic organisms, and could be the result of a high temperature in the lagoon (30 °C) and a great amount of
small organic pariicles that can be fillered by the Salps.

Key worps : Thaliaceans — Growth — Atolls.
RESUME
LE TAUX DE CROISSANCE DE LA SALPE Thalia democrafica pans L’AToLL DE TIKEHAU (TUvaMoOTU)

Deux méthodes différentes et indépendanies l'une de I’aulre, sont ulilisées pour délerminer le taux de croissance
de T. democratica: la méthode de HERON el BenuaM (1985), basée sur U'observation de paraméires décrivant la
population el la méthode des rapports C:N:P, utilisant les mesures de physiologie el de composilion élémenlaire.
Avec la premiére méthode, la longueur augmente de 25 a 28 %, en une heure, ce qui équivaut a une augmentation
horaire de poids de 563 & 60 %,. La seconde méthode fournit des résultals voisins, quoiqu’un peu plus faibles, pour
la croissance pondérale: 33 & 36 %,. Ces valeurs sont les plus élevées pour cetie espéce el méme pour loul organisme
zooplancionique, & U'heure acluelle, et pourraient étre dues a la richesse du lagon de I’aloll en particules organiques
el @ sa température, alors voisine de 30 °C.

Motrs-crEs : Thaliacés — Croissance — Atolls.

INTRODUCTION

Repeated observations on zooplankton were made
in the atoll of Tikehau (Tuamotu islands, French
Polynesia) between the 30th of March and the 10th
of April 1985, and showed high numbers of indivi-
duals and dry weights of Thalia democralica, a pelagic
Tunicate (Salpidae). According to Brancmor and
Moir (1986), this species makes 24 9, of the indivi-

(1} Cenire ORSTOM, BP A5, Nouméa Cedex, New Caledonia.

Océanogr. trop. 21 (1): 23-29 (1986).

duals of the mesozooplankton (200 pm-2 mm) and
8 %, of its dry weight, whereas it stands for 85 9, of
the numbers and 63 %, of the dry weight in the larger
size fraction (> 2 mm). Thanks to Lheir asexual
reproduction (through budding), the wide spectrum
of particles they can feed on, and their high growth
rate, Salps can swarm after a phytoplanktonic bloom
or the liberation of organic particles by benthic
organisms. Such swarms are transient phenomenons,
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bloom.

The present paper is restricted to the growth rates
of T. democratica in the atoll of Tikehau, as assessed
by two different and independent methods, since this
parameter is not well documented yet. The first
data on this species were presented by Heron {1972)
for offshore waters of the tropical Pacific and Indian
Oceans. At the time, doubling times of 0.7-1.7 days
were found surprisingly short. Later, DeiBeL (1982)
reported longer doubling times on animals breeded
in the laboratory, and caught off Florida and Georgia
{USA): 1.5 to 33 days, depending on the development
stage. Data, similar to Heron's were found on
another Salp, Salpa fusiformis, in the Gulf of Guinea
by Le BoreNE (1983), its average Lurn-over lime
being 0.7 day during a bloom. Finally, in a recent
study on T. democratica, HeroN and BEngam (1985)
present hourly length increments of 20 9,, which is
roughly equivalent to a doubling time of 0.2 day
{5 hours), provided the length variation is taken as
a linear function of time at this stage. As far as we
know, the values cited above are the only ones for
Salps and we found it useful to report on other ones
dealing with a rather rich and warm (30 °C) environ-
ment, those two characteristics being known to
influence the growth rates.

METHODS

Two different methods have been used to assess
the growth rate. That of HeEron and BEnmawm (1985)
is based on counts and identifications of develop-
mental stages, whereas the second method uses
measurements of the elemental chemical composition
and metabolic rates (C:N:P ratios method; L=z
Borenge, 1978).

1. Assessment of growth rates from the number of
buds per chain and the offspring fo parent ratio
{method of HeEron and BenmaMm, 1985)

Among Salps, asexually reproducing solitary forms
(i.e. oozooids) alternate with aggregated forms
(i.e. blastozoids) with a sexual reproduction. Recent-
ly, Herow and BeEnmam {1985) established that the
growth rate, G, was related to the number of buds
produced by each chain of the oozooid, on the one
hand, and the ratio between the number of blasto-
zoids and that of oozooids, on the other hand:

G = 0.576 — 0.0876 Ln (buds per chain) — 0.0211 Ln
{blasto/oozoo) (1)

Océanogr. trop. 21 (1): 23-29 (1986).
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the length per hour and, according to he author
would be known with a precision of 0.67 to 0.78 %
of the increment, which is quite satisfactory.

It is worth pointing out that the assessment of G
is based on identifications and does not uepenu on
the duration of the preservation of the individuals.
However, it is dependent on the sampling, which is
meant to be representative of the various develop-
ment stages in the actual environment. In the atoll,
sampling was performed with a WP-2 net (Anonyme,
1968), of 1 square meter at the mouth and a mesh-
size of 200 um, towed vertically from the bottom to
the surface, that is roughly equivalent to a B m?
filtered volume (see L.LE BoraNE el al., 1986, Annexe
2). Since Thaliaceans concentrations were high
{Table II), and their avoidance capability and size
were small, we can assume the sampling was satis-
factory, although there is too low a number of
samples (3 hauls) to prove it statistically.

At last, it is worth noting that the growth rate, G,
is concerned with the length of the individuals, but
not with their weight, since Heron and BenNHAM
(1985) do not provide any equivalence between the
two variates.

o1
S,

2. Assessment of the production rate by the C:N:P
ratio method (LE Borawne, 1978)

The production rate which can be calculated by
this method is concerned with gross production, i.e.
before losses from moulting (when Crustaceans are
concerned) or release of eggs and larvae, occur. The
caleulation is based on measurements of excretion
or respirations rates on the one hand, and on values
of the net growth efficiency, K,, which can be
assessed from C:N (carbon: nitrogen) or N:P (nitrogen:
phosphorus) ratios of preys, metabolic losses, consti-
tuents and assimilation efficiencies of predators, on
the other hand. As far as T. democralica is concerned,
preys can be taken as organic particles from 0.7 to
35 wm because they are the most abundant and they
can be used by Salps (HarBison and GILMER, 1976).
Table I sums the different steps of the calculation up,
for the N:P ratio, the details being presented in
CorNER and Davies (1971) or LE BoraNE (1978).

- Excretion or production rates are amounts of
carbon, nitrogen or phosporus excreted or produced
by one milligram of dry weight and one hour. When
production to biomass (P:B) ratios need to be calcul-
ated, the same weight unit must be used, so that
measurements of the chemical composition of T.
democratica are required. These are referred to as 9,
C, N, P on Table I, and are percentages of carbon,
nitrogen or phosphorus in the dry weight. Turn-over
is the time necessary for the biomass to double
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TaBLE I

Parameters used for the assessment of production rates by the G/NJP ratios method
Eléments entrant dans le calcul de la production par la méthode des rapporis C N P

a; = particulate N:F (atoas)
a2 = N excretion : P excretion
s = constituent N:iP

as = N assipilation efficiency (DN):DP

n,e = total N or P excretion rate
Pe,n,e = [,N,F production rate

%C,N4P = percentage of C,N,P in the d.w.

KZ,P = (31-34'32’.(33“62)" (2)
Ka,n = a3 Ka,p « {@1.24)72 3)
PN,P = Kz. TN,P . “"Kz)_l (4)
Pg = Pn', a3

PiB = Poow,e . (10%EC,N,P)

{(without any mortality) and, therefore, is the inverse
of the P:B ratio.

Individuals, the production of which was assessed
by this method, were caught in the same way as
those of the other method. They were incubated for
6.5 to 10.0 hours at 29.5 °C in 1 ] flasks filled with non
filtered sea water {LE BorGNE ef al., 1986, Annexe b)
for subsequent measurements of total nitrogen and
phosphorus excretions. The latter includes inorganic
forms as measured with the U.V. irradiation method
of ArmstRONG and TisBiTTs (1968). There were
12 excretion measurements between the 6th and the
10th of April; atomic ag ratio and 9% C,N,P of
Table I were measured on the 9th and 10th (see
Annexe 3, LE BoraNE ef al., 1986) on sorted animals
that were subsequently grinded and poored into
“CIIN” boats for elemental composition analysis.
Similarly, a; atomic ratio for particulate matter, is
calculated on results of the 9th and 10th of April
(LE BORGNE ef al., 1986). Finally, no direct measure-
ment of assimilation efficiencies in terms of nitrogen
and phosphorus were made, so that a, was taken as
equal to one, following the discussion of LE BoreNE
(1982).

RESULTS

1. Growth rates obtained with the method of HERON
and BENHAM (1985)

The number of buds per chain is the number
“produced by each solitary parent and is determined
by the number of buds in its chain and the number
of chains per parent, which is usually three. The
average number of chains is determined by the
proportion of younger reproducing adults, which so
far have had only one or two chains (stages I and J),
to the older adults, which so far have had three
(stages K-M)” {Heron and BeEnmAM, id.). Applying
the latter definition to values of the 30th of March
(Table I1) would lead to an average number of chains
greater than three, which is wrong: 3.24 (133:41).
Therefore the average number of chains per adult is
more likely the ratio between the number of chains

Océanogr. irop. 21 (1): 23-29 (1986).

(one for each stage I, two for J, three for K-M) and
the total number of individuals of stages I to M.
Using values of Table II for the three samples, we
then get mean numbers of chains of 2.04 (355:174)
on the 30th of March, 2.18 (310:142) on the 5th of
April and 2.17 (163:75) on the 9th of April.

The mean number of buds per solitary parent
{0o0zooid) is got by dividing the total number of buds
by the observed number of individuals. Using values
on Table II leads to the following number of buds:
39.73 (5204:131), 42.47 (4332:102) and 28.35 (1134: 40)
for the three dates cited before, respectively.

Finally, the average number of buds per chain is
the ratio between the mean number of buds per
oozooid, which we have just been considering, and
the mean number of chains, that is 17.74 (39.73:2.04),
18.47 (42.47:2.30) and 11.57 (28.35:2.4D), respectively.

The second parameter used in the calculation of G
(equation (1)), is the ratio between the number of
the blastozoids from stages B to E, and the number
of oozooids of stages I to M. It is equal to 31.67,
12.21 and 39.08 for the three samples.

Using the two sets of parameters in equation (1),
leads to the following three hourly growth rates, ex-
pressed as proportions of the length:

Sample of the 30/3 : G = 0.251

Sample of the 5/4 : G -= 0.268

Sample of the 9/4 : G = 0.284

Such values mean that length of T. democratica
increases by 256 to 28 9, per hour, which is very
quick for the Animal Realm. The second method
makes it possible to confirm {(or infirm) such high
values.

2. Assessment of the hourly weight increment by the
C:N:P ratios method

Values of hourly production rates referring to
carbon, nitrogen and phosphorus (Pg, Py, Pp) and the
P:B ratios are presented on Table III. They appear
to be very high, since the hourly weight increase is
33 to 36 9%, according to the element which is consi-
dered. Actually, these values should be equal, other-
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Tagsre II

Numbers of individuals of each developmental stage of the solitary generation (oozooids). The first line of each stage refers to the
sample of 30.3.85, the second to that of the 5.4 and the third to the 9.4.85

Nombre d’individus des différents slades de développement d’oozoides de Thalia democratica, complés sur irois échantillons: 30.3.85
sur la premiére ligne de chaque stade, 5.4 sur la seconde et 9.4 sur la troisiéme

Stage Short description of the’

Total number Total nuamber

stage {after HERON and BENHAM) of individuals of buds
eabryc released from its parent, 2
F  with a large aeloblast and 24
placenta attached 38
young stage with a reduced 2%
6 aeloblast and placenta 24
28
young stage with no segeentation 112
H in its stolon 32
bb
1
1 young stage with stolon segaented 14
2
9% 3548
1 mature stage with two chains B4 3484
segmented 18 444
32 1636
K mature chain with three chains 448
segnented 690
0
L eature stage with at least one 8
chain released 3
9
¥ senile stage with all chains 14
released 8

wise the body constitution would be modified on a
short-term basis. Such slight differences originate
from rounding errors in the calculations.

DISCUSSION

Four problems may be discussed about the results
on growth rates which have just been presented.
First, can the observed results originate from
methodological errors? Secondly, do the two methods
give comparable results, since one produces length
increments and the other one, raw weight increments,
before any loss or predation takes place in the
environment? Thirdly, what is the reason for such

Océanogr. trop. 21 (1): 23-29 (1986).

quick growth rates? Finally, consequences of high
growth rates of 7. democratica on the pelagos will be
dealt with, briefly.

1. The influence of the methodology

Although both methods give very high rates, their
use may be questioned in the present case. Thus,
Heron and Bewmam’s (1985) figures clearly show
that their relationships have been established for a
minimum number of buds per chain of 30, whereas
all our value lie below 20. We wondered whether
our calculation of this parameter was correct, since
their definition of the number of chains did not look
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TasrLe III

Mean values of Table I parameters applied to Thalia democrd-
lica and used for the calculation of the net growth efficiency,
K,, the hourly production rate P and the P:B ratio for carbon,
nitrogen and phosphorus
Valeurs moyennes des paraméires du tableau I pour Thalia
democratica, nécessaires au calcul du rendemeni nei en crois-
sance, K, du taur de production horaire, P el du rapport P:D,
pour le carbone, l'azote et le phosphore

Parameter  Number of Hean Results
replicates

a 5 13.9 Kz,r = 0.519

iz 2 6.9 Kz,n = 0.761

a3 2 20.4 Pn = 2.24b67/00 dw./h
i€ 2 1.9t Pp = 0,248

N 2 0.67 Pc = 6,8123 °

g 2 0.0725  PiBy = 33.51

Tn 12 0.03504 PuBe = 33.91

Tr 12 0,0073  P:Be = 35.74

precise to us, as mentioned in the “Results”. So we
tried two other ratios: (1) the number of individuals
of stages I and J to the number of individuals of
stages K to M, following the formulation of Hrrox
and BenuaM; (2} the number of chains of stages I to
M to the total number of individuals, taking two
chains per individual for stage I instead of one in our
own calculation {see “Resulls”). With (1), the mean
number of chains would be 3.24, 2.38 and 2.17 for the
three samples of Table II, respectively. With (2), the
values are 2.24, 2.30 and 2.45, respectively. Using
the same number of buds per solitary as previously
(see “Results”), would lead to values for the mean
number of buds per chain of 12.26, 17.84 and 24.67
with (1) and 19.48, 19.48 and 13.06 with (2). These
are slightly different than those presented before
(17.74, 18.47 and 11.57), but still less than 30 and
leading to very close results for the growth rates, G:
0.284, 0.271 and 0.218 with (1) and 0.243, 0.263 and
0.274 with (2). Therefore, we may admit that the
values of G are quite the same whalever the way of
calculating the mean number of chains. It would, of
course, be worth testing the relationship of HeEron
and BeEnmam for the data range of the number of
chains found in Tikehau. On the other hand, the
second parameter assessed in eqn {1}, i.e. the ratio
between the number of blastozoids and that of the

0o0zooids, does lie in the range presented by HErox
and BrenzaM (1985).

The second sel of possible methodological bias
deals with the C:N:P ratios method:

— When important secretions of Thaliaceans are
measured together with excretion, production rates
assessed by this method are overestimated {formula
{4), Table I}. However, high percentages of excreted
ammonium or phosphate (Le BoreNE ef al., 1986;
Annexe 5) would prove that secretions of organic
compounds, if they oceurred, were negligible.

— P:B ratio may be wrong if percentages of C,N,P in
the dry weight are erroneous. When these are low,
P:B increases for a given production rate referring
to the dry weight. Such percentages are low indeed
when compared to the values of the literature
{Table IV}, so that an overestimation of P:B cannot
be impossible. A reason for low percentages could be
the “salt effect”, i.e. an increase of the dry weight
without any for C, N, or P.

2. Comparison of the growth rates produced by the
two methods

Hourly growth rates derived from C:N:P ratio
method cannot readily be compared with those based
on life history parameters of the Salps. First, they
must be assumed to be representative average values,
thus neglecting diel variations of the N:P ratios or
excretion rates. Such variations have been shown in
other regions of the world ocean and may also take
place in the atoll of Tikehau. IHowever, working
conditions did not make it possible to study this kind
of short-term variations.

But, the main problem deals with the conversion
of length data produced by HEron and BEnzAM'S
(1985) method, into weight data. These authors have
developped a new weight-length relationship for 7.
democratica, “using a method which overcomes the
bound water problem of gelatinous organisms”
(Heron and Benzawm, 1984), but unfortunately we
have not been able, so far, to know more about it.
Therefore, results presented by DuisrL (1982) on the
same species, caught off North American coasts, in a
similar water temperature as HEronN and BENmaM's
(1985), i.e. 20°C, will be used. This relationship
between weight (W) and length (L) is: W = 0.8
L2l (5). Now, we are looking for the relationship
between G and AW/W.At, using eqn (1), which gives
G as a function of AL/L.At and (5):

G AL 1 AL G x L AL AW G x L
= e— X = —_— = X = T X —— = X
L At At AW At
=
AW AW
W = 0.8 x Lt — =G XLxXx—=GxLx08x 21 x L
At AL
AW AW 1
— =G X2l XWe>G=—.—=21 X G
At WAL

Océanogr. irop. 21 (1): 23-29 (1986).
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TaBrLe IV

Percentages of the dry weight in C, N, P and atomic constituent ratios for Thaliaceans in the literature and the present study

Valeurs comparées des leneurs du poids sec des Thaliacés en G, N el P et de leurs rapporis aiomiques, dans la littérature et @ Tikehau

Reterence Species i N P LN it
CURL {1962 Tuniciers 7-10 9,3-1.5 0.14 2.7-1.7 23-47
MADIN et al. {1981} Salpes 107 - - - -
IKEDA et MITCHELL (1982) Salpes 4,7-10.1 1,2-2.8  0.09-0.16 - 30-39
LE BORGNE (1982) Salpa fusiforais 8.2 2.1 0.0193 4.6 23.9
LE BORENE et ROBGER (1983}  Salpes B.& 2.2 0.20 4,65 4.2
Présent article : Thalia desocratica 1.91 0.47 0.0723 3.33 20.4

In other words, the weight increment is 2.1 times
the length increment during At. For G = 0.251 on
the 30th of March, 0.268 on the bth of April and
0.284 on the 9th, we get G’ = 0.527, 0.5663 and 0.596,
respectively. In one hour, the weight would be
increased by 53 to 60 9, according to the sample
considered. Such values match quite well with those
of the other method (Table III), bearing in mind
that the conversion from length into weight is appro-
ximate and that measurements used for the C:N:P
ratios method were made at the end of the study,
whereas life-history parameters were determined at
the beginning, the middle and the end of the study.

3. The reasons for high growth rates

Explanations for the high growth rates that were
found for T. democratica, deal with the environmental
factors and the caracteristics of the populations. It is
quite true that growth rates measured or computed
on natural populations, with a great proportion of
young stages, are higher than growth rates of an
individual during its life cycle and, a fortiori, larger
than the inverse of the generation time which is used
sometimes (L.E BorcoNE, 1982). The rather high
concentrations of organic particles in the lagoon is a
second reason for the observed growth rates. This
trophic factor was found to be the main factor of
variation of growth of T. democratica by HEroN and
Benmawm (1984), the thermal effect being less import-~
ant. However, the latter probably explains the
difference in turn overs found by Heron and Ben-
HAM (1984) and LE BorenNE (1983) at temperatures
ranging between 16.5 and 22°C and those of
the lagoon of Tikehau atoll at 30 °C. Thus, for
a non-limiting amount of food, metabolic rates
of poikilothermic animals are known to increase
with temperature. LE BoreNE ef al. (1986) report
that zooplankton ingestion, including the Salps,
stands for 58 9%, of the 14C uptake by phyto-
plankton, a result showing that the amount of preys
was not limiting the Salps growth.

Océanogr. trop. 21 (1): 23-29 (1986).

4. Consequences of high growth rates on the environ-
ment

When the weight of Thaliaceans can be increased
by 33 to 60 9%, per hour, according to the method used
and the period, swarms occur rapidly. But, as just
mentioned, the amount of particles was not found
limiting, unless they were of low energetical value, so
that Salps probably had not reached their maximum
at the end of the present study. They were not
limited by predation, either, because the usual
Hyperiid Amphipods (Lavar, 1980) were not observ-
ed in their body. At last, competition with other
filter-feeders is unlikely, because Thaliaceans are
among the most efficient of the pelagic environment.
So, it is quite reasonable to think that this Salps
swarm was clearing the particles of the lagoon, after
or during a “bloom” of phytoplankton or particles
produced by the reef. Their origin is not clear,
although Brancmor and Morr (1986) report great
amounts of setae of the Diatom Chaeloceros sp. in
the 35-200 um size-fraction, thus indicating a former
Diatom bloom. Further observations, made in July
1985, did not show any more Salps in the lagoon,
proving the temporary feature of this kind of
phenomenon. Unfortunately, their effect on the
terminal production is not well documented (Le
BorenE, 1983).

CONCLUSION

Growth rates of Thalia democratica, as got by two
different methods, are the quickest ever reported
for Thaliaceans and Metazoa, probably. Thus, the
weight would be increased by 33 to 60 %, per hour.
However, such values should be taken with care,
because they are based on a few measurements only,
and out of the limits of the methods, sometimes. An
interesting test would consist in making direct weight
measurements during a swarm at 30 °C and compare
the data with those of the present paper. However,
Salps proliferations are still unpredictable and one
has just got to be there when they occur.
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