
Vol. 128: 239-246,1995 MARINE ECOLOGY PROGRESS SERIES 
Mar Ecol Prog Ser Published November 23 

Growth and energetics of the sponge 
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ABSTRACT: The filtration rate (F, m1 min-' measured as clearance of algal cells) and maintenance 
respiration rate (R,, m1 O2 h-' measured as starvation respiration rate) as a function of Halichondria 
panicea colony size (dry weight DW, g) were described by: F = 2 8 . 3 5 ~ ~ ~ . ~ ' ~  and R, = 0.632DWg2', 
respectively. At the maximum specific growth rate of 4 % d-l the net growth efficiency was about 30 %. 
The specific respiration rate (R,) as a function of the specific growth rate (p) was described by the equa- 
tion: R, = np + a where n is the energy cost per unit of growth and a is R, at zero growth rate. It was 
found that the energy cost of growth constituted 139% of the biomass increase. This showed that 
sponges apparently have a higher energy demand for growth than other invertebrates. When sponge 
colonies were transferred to filtered sea water, a near linear decrease of chlorophyll a (chl a) was seen 
during the first 24 h A similar decrease was observed in sponges transferred directly from the field to 
filtered sea water. The reduction constants (I) in the 2 cases were 3.3 and 2.8% h-', respectively. The 
estimated filtration rates, using the equation F,,, = (r X S)/chl a,  where S is the steady-state chl a con- 
tent, were almost identical to filtration rates measured as clearance. It is stressed that sponges have a 
low water pumping capacity compared with other filter-feeding invertebrates, but compensate for this 
by a high retention efficiency for small particles z0.1 pm. 
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INTRODUCTION 

A considerable controversy exists about the relation 
of sponges to other invertebrate groups (Simpson 
1984). Sponges are simple, multicellular animals with 
tissues but no distinct organs. They feed by extracting 
suspended food particles from the surrounding water 
using flagellated cells (choanocytes) and the entire 
body is specialized for this purpose. The structure of 
the choanocytes, which constitutes the basic pumping 
and filtering elements, is the same in all sponges. The 
choanocytes are structurally and functionally identical 
to the choanoflagellates that filter free-living bacteria 
in the sea (Fenchel 1982). The striking similarity 
between choanoflagellates and choanocytes has given 
rise to the assumption that sponges have evolved from 
choanoflagellates (e.g. Barnes 1987, Larsen & Riisgdrd 
1994). 

'Addressee for correspondence. E-mail: fjordlab@dou.dk 

To investigate the possible relationship between 
sponges and choanoflagellates it is important to com- 
pare similarities and differences. One crucial differ- 
ence between sponges and choanoflagellates is the 
ability of the former to feed on phytoplankton which is 
retained and digested (phagocytosis) in the extensive 
inhalant channel system (e.g. Killian 1952, Simpson 
1984) before the water is finally filtered through the 
0.1 pm collar slits of the choanocytes. Few workers 
seem to have focused on the differences in the physio- 
logical performances that may exist between sponges 
and other filter-feeding invertebrates. All Living major 
sponge groups had representatives in the Cambrian 
period, about 600 million years ago, but since then 
sponges have undergone no major evolutionary 
changes (Bergquist 1978). Ecophysiological investiga- 
tions of sponges are few and many questions dealing 
with their interactions with the environment remain 
largely unanswered. Therefore, it is interesting to 
carry out comparative ecophysiological studies that 
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may uncover the nature of sponges and their relation- 
ship with other invertebrates as well as with choanofla- 
gellates. 

In this study we dealt with key ecophysiological 
parameters to obtain a deeper understanding of the 
adaptation of sponges to suspension feeding. This was 
done through field and laboratory studies of the 
energy cost of growth as related to the water process- 
ing ability of the demosponge Halichondria panicea. 
This information enabled us to compare sponges with 
more advanced filter-feeding invertebrates. 

MATERIALS AND METHODS 

Collection and storage of sponges. The experiments 
were performed on the demosponge Halichondria 
panicea which during 1994 was gently collected by 
hand from the surface of boulders at 0.5 to 1 m water 
depth at low tide in the inlet to Kerteminde Fjord, 
Funen, Denmark. The sponges, always kept sub- 
merged throughout manipulation, were transported to 
the nearby Fjord Biological Laboratory, Kerteminde, 
where the H. panicea colonies were individually sus- 
pended on 10 cm long nylon threads in an aquarium 
with a continuous flow of sea water from the collecting 
site (11 to 14OC, 11 to 24%0 S). This protocol ensured 
that the sponge colonies would remain in good condi- 
tion until experimental measurements were per- 
formed. 

Measurement of filtration rate. Filtration rates were 
measured as the volume of water cleared per unit of 
time (clearance) of the flagellate Rhodomonas sp. 
from a continuous culture. Flagellate cells with a 
mean diameter of about 6.3 pm are retained by the 
sponges with 100% efficiency (Reiswig 1971), and 
therefore, the measured clearance is identical to the 
filtration rate (= pumping rate). 2 to 3 h prior to each 
clearance experiment the individual sponge colonies 
were suspended in the centre of a 1 1 glass beaker 
containing 800 m1 strongly aerated sea water and 
placed in a temperature-constant water bath (14°C). 
Flagellate cells were added (usually about 5 X 103 
cells ml-l) and the reduction In the number of cells as 
a function of time was followed by removing water 
samples every 10 min. The particle concentration of 
each sample was measured with an electronic particle 
counter (Elzone 180 fitted with a 60 pm tube) as the 
mean value of 3 measurements, each using 0.25 m1 
of the sample. The remainder of the sample was 
returned to the beaker to avoid a significant reduction 
in sea water volume (V,,) during the experiment. A 
beaker without a sponge colony served as a control. 
Clearance (F) was determined from the exponential 
reduction in algal cell concentration as a function of 

time (verified as a straight regression line of a semilog 
plot) using the formula: 

where CO and C, are the algal concentrations at time 0 
and time t ,  respectively. 

Measurement of respiration rate. The sponges were 
transferred to an adjustable respiration chamber con- 
sisting of straight plexiglass tubes with either 1000, 250 
or 170 ml, depending on the size of the sponge colony. 
All measurements were made approximately 1 h after 
transfer to the respiration chamber. The respiration 
chamber consisted of a plexiglass tube (inner diameter 
= 60 mm) with one (adjustable) end closed and the 
other end tightened with a plexiglass collar with an 
oxygen electrodeinserted into the chamber and con- 
nected to an oxygen monitor (WTW, Microprocessor 
based oximeter, OX1 196) and a recorder (Servogor S). 
A magnetic stirrer (Oximeter-RZ 90) was mounted 
close to the membrane of the electrode and coupled to 
an external rotating magnet. The temperature was 
held constant (14°C) by placing the respiration cham- 
ber in a water bath. All measurements were conducted 
at  18 to 23%0 S. During each respiration measurement 
(20 to 30 min) the decreasing dissolved oxygen tension 
was continously monitored. Three respiration mea- 
surements were carried out in series on each sponge 
colony. Control measurements without sponges were 
performed between every second respiration measure- 
ment. The oxygen uptake rate was calculated from the 
decrease of dissolved oxygen tension, taking tempera- 
ture, salinity and air pressure into consideration. 

Growth experiments. Laboratory growth experi- 
ments: Sponge colonies were allowed to adjust to the 
laboratory conditions for 45 d after being collected in 
May 1994. In 5 aquaria (20 1) with a filtered (by means 
of the mussel Mytilus edulis) flow of sea water (lg°C, 
13 to 17%0 S, mean water residence time was 50 min) 
6 sponges were suspended as described above. The fla- 
gellate Rhodomonas sp. from a continous culture (con- 
stant light, pH and dilution rate) was used in the growth 
experiments with Halichondria panicea. Algal concen- 
trations of 0, 2.7, 3.6, 5 and 7 X 1O"ells ml-' were main- 
tained in the growth aquaria by continous addition of 
Rhodomonas cells. After an adjustment period of 4 d 
(Day 0) the 'drip wet weight' (DWW) of the sponges was 
measured. Subsequently the sponge colonies were 
weighed again on Day 9 to assess the growth. Through- 
out the experimental period the algal concentrations in 
the growth aquaria were checked twice a day. 

Field growth experiments: In situ growth experi- 
ments with sponge colonies were performed by means 
of a 'sponge-anchor' arrangement consisting of a 10 kg 
concrete anchor with 10 plastic sticks fixing the sponge 
colonies mounted on a plate (see Fig. 1). After 1 wk in 
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Fig. 1. Hahchondria panlcea. 'Sponge-anchor' used for i n  situ 
growth experiments with sponge colonies is submerged 
1 m below the water surface; white patches on the boulders 

illustrate natural sponge colonies 

a flow aquarium with sea water the sponge colonies 
were placed near the collecting site in the inlet to 
Kerteminde Fjord, slightly raised above the stones 
with the natural sponge colonies (see Fig. 1). Four 
growth experiments (duration of 1 to 3 wk) each with 
10 sponge colonies were performed. The transplanted 
sponges were checked daily for drifting pieces of 
macrophytes and cleaned if necessary, and a water 
sample (5 1 filtered through a 40 pm sieve to remove 
particles larger than the sponge's ostia) for measure- 
ment of chlorophyll a (chl a )  (according to Arvola 1981) 
was taken. At the end of the growth experiment the 
respiration rate and size of each sponge colony was 
measured. 

Specific reduction and energetic parameters. The 
specific growth rate (p, d-l) of Halichondria panicea 
was calculated according to the equation: 

where WO and W, = mean body mass of the sponges on 
Day 0 and Day t, respectively. 

By simultaneous measurements of respiration and 
growth rates in animals with body mass W the rela- 
tionship between total respiration rate (R,) and growth 
rate (p W) may be described according to Kiorboe et al. 
(1987): R, = R, + np W or 

where R, = aW"s the maintenance respiration rate 
(measured as starvation respiration rate) and the 
energy cost per unit of growth is n, which was esti- 
mated from experimentally determined values of R,, 
R, and p (i.e. slope of regression line for R,/Wb as a 
function of P W I - ~ ) .  

The energy balance of a sponge colony can be 
expressed as: 

where I = ingestion, P = production (growth), R = respi- 
ration, and E = excretion. Further, the assimilation is 

A = P + R, and the net growth efficiency is NGE = PIA. 
In the present work NGE was calculated according to: 

NGE = PIA = P/(P+R) = Wp/(Wp + R) = p/(p + R,) (5) 

where R, = R/W. 
Chlorophyll decomposition and estimation of filtra- 

tion rate. Two parallel experiments were performed to 
measure the chl a decomposition rate in sponge 
colonies in order to estimate the in situ filtration rate of 
the sponges. At steady state: I = r X S, where I is the 
ingestion rate, r is the chl a decomposition constant 
and S is the chl a content in the sponge. When the chl a 
concentration in the sea water surrounding the sponge 
(chl a) is known, the in situ filtration rate (F,,,) can be 
estimated as F,,, = I/chl a or: 

F,,, = (r X S)/chl a (6) 

In the laboratory the filtration rates of 20 sponge 
colonies were determined previous to exposure to a 
constant algal concentration of 4 X 103 Rhodomonas 
cells ml-' in an aquarium with filtered (0.7 pm) sea 
water which was changed daily. After 24 and 48 h, 
respectively, 6 pieces of sponge-tissue (0.5 to 1.5 ml) 
were cut off for determination of chl a content. Then 
the algal supply to the sponges was stopped, and the 
subsequent reduction in the sponge tissue of chl a 
was followed by chlorophyll analysis at  6, 12, 18, 
24, 36, 48 and 72 h ,  An identical experiment was 
performed with freshly collected sponges from the 
field. 

Determination of sponge size. After the experi- 
ments, the sizes of the individual sponge colonies were 
expressed in several ways: 'drip wet weight' (DWW, 
determined as the total weight of the sponge colony, 
including water, added to a known amount of water; 
cf. Frost & Williamson 1980); wet weight (WW, total 
weight of sponge colony after 5 min drainage on 
absorbing paper); volume (V,,,,,, m1 of displaced water 
in a graduated cylinder glass); dry weight (DW, 100°C, 
24 h) ;  and ash free dry weight (AFDW, 6 h ashing of 
ground DW samples in a muffle furnace at 500°C). 
Sample weights were determined on a Mettler ME22 
microbalance. 

Conversion factors. DW (g), WW (g) and AFDW (g) 
of Halichondria panicea were found to correlate with 
sponge colony volume (V,,) according to the equations: 
DW = 0.07 V,, (r2 = 0.9841, WW = 0.830 V,, (r2 = 0.950) 
and AFDW = 0.024 V,, (r2 = 0.975) (n = 20; range 1 to 
80 ml). Further, DW and AFDW were found to corre- 
late with the sponge DWW (g) according to the equa- 
tions: DW = 0.067DWW (r2 = 0.994) and AFDW = 

0.023DWW (r2 = 0.972) (n = 20; range 1 to 90 g). The 
carbon (C) and nitrogen (N) contents were analysed in 
20 sponge colonies (Carlo Erba EA1108 CHNS-ana- 
lyzer with Euger 200 software) and the following 
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equivalencies were estimated: 1 mg DW sponge corre- 
sponding to 0.142 * 0.018 mg C and 0.030 * 0.008 mg 
N; 1 m1 O2 corresponding to 0.46 mg C (Jsrgensen 
1955 cited by Stuart & Klumpp 1984); 1 mg chl a corre- 
sponding to 40 mg C. 

RESULTS 

Filtration rate and respiration rate of Halichondria 
panicea as a function of sponge colony size are shown in 
Fig. 2. It is notable that the exponents (b)  of both equa- 
tions are near identical (b = 0.914 and 0.927, respectively) 
and not significantly different from 1 (p 0.005). 

Fig. 3 shows the net growth efficiency as a function 
of specific growth rate of Halichondria panicea in lab- 
oratory and in field studies. The maximum measured 
growth rate was about 4% d-' at a net growth effi- 
ciency of about 30 %. 

In the present work b = 1 (cf. Fig. 2 ) ,  and Eq.  (3) sim- 
plifies to R, = np  + a. In Fig. 4 it appears that the rela- 

Sponge colony size (DW), g 

Fig. 2. Halichondria panicea. Filtration rate and maintenance 
respiration rate as functions of sponge colony size. Regression 

lines and their equations are shown 

- 1  0 1 2 3 4 5 

Specific growth rate (p). X d-' 

Fig. 3. Halichondria panicea. Net growth efficiency (NGE) as 
a function of specific growth rate (p)  of sponge colonies in 
laboratory (0) and field experiments (a). Curve is fitted by 

nonlinear regression analysis 

tionship between the specific respiration rate (R,) and 
specific growth rate (p) may be expressed by this linear 
function, where n is the slope of the regression line 
and a is the specific respiration rate at zero growth 
rate. As n expresses the energy cost per unit of growth 
(cf. Eq. 3) it is seen that the energy cost of growth ( n )  in 
Halichondria panicea constituted 139 % of the biomass 
production. 

Fig. 5 shows that Halichondria panicea fed a con- 
stant algal concentration in the laboratory (open sym- 
bols) was approaching a steady-state chl a content (S) 

Fig. 4.  Halichondria panicea. Specific respiration rate (h) as 
a function of specific growth rate W) of sponge colonies in 
laboratory (0) and field experiments (a). Regression line and 

its 95 % confidence lines are shown 
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DISCUSSION 

Time, h 

Fig. 5. Halichondria panicea. Decrease of chl a content of 
sponge colonies transferred to filtered sea water at time 0. 
Sponge colonies were transferred either directly from the 
field (e) or from a laboratory experiment (0) in which the 
sponges were exposed to suspended algal cells dunng the 

preceding 48 h. Mean values * SD (n = 6) 

after 48 h due to equilibrium between ingestion (I) and 
digestion of consumed algal cells. After the sponge 
colonies were transferred to filtered sea water chl a 
decreased at a constant rate during the first 24 h. A 
similar decrease was observed in sponges transferred 
to filtered water directly from the field. From regres- 
sion analyses it was found that the decomposition con- 
stant was 3.3% h-' (r2 = 0.964) in sponges exposed to 
algal cells (3.58 pg chl a 1-l) in the laboratory and 
2.8% h-' (r2 = 0.863) in sponges exposed to natural 
phytoplankton in the field (1.70 pg chl a 1-'). The esti- 
mated filtration rates (F,,,; cf. Eq. 6) are shown in 
Table 1 together with relevant variables, as well as the 
actual measured filtration rate (F) obtained in a labora- 
tory clearance experiment (cf. Eq. 1). The filtration 
rates of 0.18 to 0.23 1 h-' g WW-' shown in Table 1 are 
equivalent to 2.5 to 3.0 rnl water min-' (m1 sponge tis- 
sue)-', i.e. near identical to the filtration rates surnrna- 
rized in Table 3. Thus, there is a satisfactory agree- 
ment between the different methods used for 
determination of the filtration rates. 

Irrespective of the scattered data, there seems to be 
a strong linear relationship between specific growth 
rate and specific respiration rate in Halichondria pan- 
icea (Fig. 4). This increase of the specific respiration 
rate in response to growth (n), also termed 'specific 
dynamic action' (SDA), amounted to 139% of the 
biomass production. Thus, SDA constituted a very 
substantial proportion of the total energy released 
by respiration in growing sponges. The present value 
of SDA in H. panicea may be compared to those 
reported for other marine invertebrates: 20 to 26% of 
the growth in Nereis diversicolor and N. virens 
(Nielsen et al. 1995), 20% in the blue mussel Mytilus 
edulis (Jergensen 1990), 19% in the copepod Acartia 
tonsa (Ki~rboe et al. 1985) and 40% in the sea star 
Asferias rubens (Vahl 1984). Thus, it seems obvious 
that sponges may differ from other invertebrates by 
having exceptionally high energy demands for 
growth. However, due to their simple structure 
sponges may be described as colonies composed of 
mainly choanocytes which are structurally and func- 
tionally identical to free-living choanoflagellates. 
Therefore, it is tempting to suppose that sponges may 
share properties with choanoflagellates. In these 
organisms and other heterotrophic microflagellates 
energy used for maintenance only constitutes a small 
fraction of the energy required for growth (i.e. macro- 
molecular synthesis). Thus, Fenchel (1982, his Fig. 10) 
found that a doubling of the specific growth rate in 
the chrysomonad Ochromonas sp. resulted in a dou- 
bling of the specific respiration rate, indicating that 
the energy cost of growth (SDA) constituted approxi- 
mately 100% of the growth. Likewise, Lensmann 
Iversen (1987, his Fig. 4) found that a doubling of the 
specific growth rate of the bacteria Klebsiella pneu- 
moniae caused a near doubling ( 1 . 8 ~ )  of the specific 
respiration rate. Thus, the high SDA (>loo%) found 
for H, panicea in the present work may be compre- 
hensible by considering the sponge as a colony of het- 
erotrophic microorganisms. 

The maximum specific growth rate of 2.8% d-' 
measured in this study is in the range of specific 
growth rates of 1 to 5.8% d-' found by others (Table 2). 

Table 1. Halichondria panicea. Chlorophyll a (chl a) content (S), decomposition constant (r), ingestion rate (I), estimated filtration 
rate (F,,,) and actual measured filtration rate (F) at known algal concentrations in the laboratory and in the field 

Algal conc. S r I Fe,, F 
(pg chl a 1-l) (pg chl a g W - l )  (% h-') (pg chl a h-' g W - ' )  (l h-' g W - l )  (1 h-' g wW-l) 

Lab. 3.58 * 0.37 23.9 * 2.8 3.3 0.79 0.22 0.23 i 0.03 
Field 1.70 + 0.14 10.7 * 0.5 2.8 0.30 0.18 
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Table 2. Specific growth rates ( p )  measured in different 
sponge species in the field 

Species Source 
(% d-1) 

Haliclona permollis 1.0 Elvin (1976) 
Aplysilla rosea 1.3 Ayling (1983) 
Spongilla lacustris 5.8 Frost & Williamson (1980) 
Halichondria sp. 3.3 Fell & Lewandrowski (1981) 
Halichondria panlcea 1.7 Barthel (1986) 
Halichondria panlcea 1.6 Barthel (1989) 
Halichondria panicea 2.8 This study 

The specific filtration and respiration rates of Hali- 
chondn'a panicea measured in the present work are 
in fairly good agreement with most of the earlier 
measurements in sponges (Table 3). It is remarkable 
that the slope of the regression lines in Fig. 2 is 
approximately 1. Usually, the respiration rate tends 
to be proportional to the % power of weight (Fenchel 
1987), but in sponges linearity is expected in view of 
the fact that they in principle grow simply by 
increasing their number of water-pumping choano- 
cytes. 

Table 3.  Specific filtration rates (Fs) and respiration rates (R,) measured at different temperatures (Temp) in Wferent sponge species 

Species Temp 
("C) 

Mycale sp. 
Verongia gigan tea 
Verongia fistularis 
Tethya crypta 
Suberites carnosus 
Sycon ciliatum 
Spongilla lacustris 
Spongilla lacustris 
Haliclona permollis 
Haliclona anonyma 
Haliclona urceolus 
Hahchondria panicea 
Halichondria panicea 
Halichondria panlcea 
Halichondria panicea 
Halichondria panicea 
Halichondria panicea 

RS Source 
(m1 O2 h-') 

Reiswig (1974) 
Reiswig (1974) 
Reiswig (1981) 
Reiswig (1974) 
Cotter (1978) 
Cotter (1978) 
Frost (1978) 
Karchenko & Lyashenko (1986) 
Reiswig (1975) 
Stuart & Klumpp (1984) 
RiisgArd et al. (1993) 
Jsrgensen (1949) 
Barthel (1988) 
Riisgdrd et al. (1993) 
This study, cf. Fig. 2 
This study 
This study 

Taxonomic group FIR Source 
Species (I ml-l 02) 

Polychaetes 
Sa bella penicillus 354 RiisgArd & Ivarsson (1990) 
Chaetopterus vanopedatus 50 RiisgArd (1989) 
Nereis diversicolor 4 0 RiisgArd (1991) 

Bivalves 
Mytilus edulis 15 to 50 Riisgrlrd et al. (1980) 

Ascidians 
Ciona intestinalis 82 Petersen et al. (1995) 
Ciona i~itestinalis 13 Jsrgensen (1955) 

Copepods 
Acartia tonsa 37 &(lerboe et al. (1985) 

Sponges 
Mycale sp. 19.6 Reiswig (1974) 
Verongia gigantea 4.1 Reiswig (1974) 
Verongia fistularis 9.7 Reiswig (1974) 
Tethya crypta 22.8 Reiswig (1974) 
Halichondna panicea 2.7 This study 

Table 4. Water processing capacities expressed as maximum volumes of water The food content in sea water neces- 
filtered (F, 1) per m1 O2 consumed (R) in various groups of marine invertebrate sary to meet the metabolic demand of 

suspension feeders measured at minimum algal concentrations 
Halichondna panicea can be deter- 
mined if there is a constant ratio 
between the volume of water filtered 
and the amount of O2 consumed by 
the sponge colony. The specific filtra- 
tion and respiration rates in the pre- 
sent work were 1.70 1 h-' g DW'' and 
0.63 m1 O2 h-' g DW-l, respectively 
(Fig. 2) .  The volume of water filtered 
per m1 O2 consumed was therefore 
1.70/0.63 = 2 .7  1 ml-' O2 which is 
low compared to other sponges and 
suspension-feeding invertebrates (see 
Table 4). The generally higher filtra- 
tion effectiveness found in tropical 
demosponges by Reiswig (1974, 1981) 
was mainly due to a higher specific fil- 
tration rate (Table 3). This brings the 
importance of adaptation to the habitat 
into focus. Referring to Reisw~g (1974) 
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the available food content for the highly effective 
Tethya crypta (FIR = 22.8 1 water ml-' 02; Table 4) 
was 0.04 mg particulate organic carbon (POC) 1-' 
which 1s 5 x  lower than found to be ava~lable for H. 
panicea in the present work (see below). Sponges are 
the only metazoan group which retain very small par- 
ticles (0.1 to 1 pm) (Reiswig 1975) which should be 
recalled when comparing the generally low F/R-val- 
ues for sponges with other invertebrate filter-feeders 
(Table 4). A s~milar example has previously been 
demonstrated in suspension-feeding ciliates by 
Fenchel (1980) who found that species specialized to 
smaller food particles (0.2 to 1 pm) filtered 0.9 to 5 1 
of water per m1 O2 consumed. In comparison cihate 
species feeding on larger particles ( > l  to 5 pm) fil- 
tered 17 to 710 l per m1 O2 consumed. 

To balance the maintenance energy requirement 
of Halichondria panicea the food energy in suspended 
particles (0.1 to 40 pm) in 2.7 1 sea water must at least 
be equivalent to 1 m1 O2 or 0.46 mg C implying that 
POC should be above 0.46/2.7 = 0.17 mg C I-' .  The 
total energy demand for growth of H. panicea with a 
specific growth rate of 0.028 mg C mg-' C d- ' ,  a spe- 
cific respiration rate of 0.0769 mg C mg-' C d-' and a 
specific filtration rate of 28.35 m1 min-' g DW-' = 

0.287 1 d-'  mg-' C (Table 2, Figs. 3 & 4) requires a 
minimum carbon content (represented as accessible 
food particles in the water) of 0.0769/0.287 = 0.277 mg 
C 1-l. During the field growth experiment the chl a 
content In phytoplankton smaller than the ostia diam- 
eter of approximately 40 pm (assuming no uptake 
of food particles >40 pm) was measured to be 2.51 ? 

1.04 pg chl a 1-' equivalent to 0.10 mg C I- ' .  This 
implies that H. panicea was unable to cover its carbon 
requirement on a sole diet of phytoplankton. Larger 
particles retained on the sponge surface may, how- 
ever, be a possible food source as mentioned by Simp- 
son (1984). Referring to Fenchel (1984) the amount of 
carbon represented by free-living bacteria in near 
shore waters lies in the range of 1 to 3 X 10' cells I-' 
equivalent to about 0.05 to 0.10 mg C I- ' .  This may 
increase the maximum carbon content accessible to 
the sponge to 0.20 mg C I-'. However, this is still 
slightly below the requirement and the defic~t may 
therefore, as suggested by Reiswig (1971), be covered 
by the uptake of dissolved organic matter. 

Considering the uncertainties of the above consider- 
ations it may be concluded that the coherence of the 
measured filtration and respiration rates as related to 
the actual growth rate and available suspended food 
particles in sea water is satisfactory. This impl~es  that 
sponges, despite their relatively low water pumping 
capacity, may compete well with metazoans with 
higher filtration rates by means of their unique ability 
to retain food particles down to 0.1 pm. 
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