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Summary

Grazing on ultraplankton by the sponge partner of amount of ultraplankton retained. In summer retention
an invertebrate/algal symbiotic association can provide was higher at night whereas the opposite was true during
enough particulate organic nitrogen to support the winter. Overall, the Haliclona—Ceratodictyorassociation is
nitrogen needs of both partners. The previously unknown able to meet its metabolic nitrogen demands through
natural diet of the sponge in theHaliclona—Ceratodictyon grazing on the naturally occurring water column
association consists of bacteria and protozoans, which are community.
rich sources of nitrogen. Retention of ultraplankton varied
with season and time of day. During the winter there was
an order of magnitude more nitrogen taken up than in  Key words: coral reef, heterotrophy, rhodophyte, sponge, symbiosis,
summer. Time of day during each season also affected the ultraplankton, nitrogen.

Introduction

Symbioses between autotrophic and heterotrophifrequently studied symbiotic associations. Cnidarian hosts are
organisms are commonly found in environments where levelsell-documented carnivores and/or omnivorous suspension
of dissolved nutrients and particulate organic matter are lowieeders, whose feeding supplies the nitrogen to maintain both
Coral reefs are notoriously oligotrophic yet they harbour a suitpartners of the association (Cook et al., 1992; Wang and
of invertebrate/phototroph associations (Muscatine and Portdbouglas, 1998). However, not all invertebrate hosts have the
1977). Deep-sea equivalent symbioses can be found eapacity to feed. The vestimentiferan worms common to
hydrothermal vents and cold seeps where invertebrat&ydrothermal vents and cold seeps obtain nitrogen by taking
chemoautotroph associations are common (Fisher, 1990p DIN from the overlying water column (Fisher, 1990;
Childress and Fisher, 1992). In both of these environments tt@hildress and Fisher, 1992). Other cold seep and hydrothermal
energy source for the autotroph, be it light or chemical, is notent organisms such as bivalves can meet their metabolic
limiting, but amounts of particulate matter (i.e. food) for thecarbon demand through their chemoautotrophic symbionts
heterotroph are low (Lewis, 1977; Hatcher, 1988, 1990while the invertebrate host supplies a portion of the nitrogen
Sorokin, 1990). Most of the organic carbon requirementdy grazing on ultraplankton (Pile and Young, 1999).
(including energy needs), of many symbiotic associations can Symbioses between sponges and algae are common on coral
be met by the autotrophic partner (Fisher, 1990; Childress amdefs. We have been examining the nutritional relationship
Fisher, 1992; Muscatine et al., 1984). But other nutrients arthe symbiotic association between the spondmiclona
needed for maintenance of such associations and these mayclenaeformis(Esper, 1794) (Demospongiae, Haplosclerida;
acquired through heterotrophy by the invertebrate host (Pilormerly Sigmadocia symbioti¢aand the red macroalga
and Young, 1999). Ceratodictyon spongiosu(@anardini, 1878) (Rhodymeniales,

After carbon, nitrogen is the next most important nutritionaRhodophyta). For theéHaliclona—Ceratodictyonassociation
requirement for both autotrophs and heterotrophs, as it imost or all of the carbon required by the alga is derived from
essential for the synthesis of amino acids. Marine autotrophghotosynthesis, but very little photosynthate is translocated to
take up dissolved inorganic nitrogen (DIN) in the forms ofthe sponge (less than 1.3% of total photosynthetically fixed
ammonium, nitrate or nitrite, whereas heterotrophs obtain the@arbon; A. Grant, unpublished data). However, nitrogen stable
nitrogen as particulate organic nitrogen (PON), as part of theisotope values of +4.88+0.28%. and +2.33+0.18%. for the
diet, and in some cases may also use dissolved organic nitroggyonge and alga, respectively, indicate that nitrogen for both
(DON). Cnidarian/algal associations are amongst the mos most likely to be derived from heterotrophic sources (Davy
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et al., 2002). As sponges are known to graze primarily oreturned to the lagoon at the end of the trial. At the conclusion
ultraplankton (Pile et al., 1996; Pile, 1997), it is the most likelyof each experiment, each sponge was blotted dry with a paper
source of nitrogen to the association and carbon to the spongewel and weighed to the nearest 0g0The sponges were then
Ultimately, the Haliclona—Ceratodictyonassociation would returned to the lagoon. The relationship between wet mass and
need to consume 0.27g N day 1 g-1in order to maintain its dry mass was quantified by linear regression analysis from
nitrogen balance/content (Davy et al., 2002). In the light opaired samples (Sokal and Rohlf, 1981). Fresh sponge branches
these findings we conducted a series of feeding experiments(f§=58) were collected and their blotted wet mass determined.
determine the natural diet of the sponge and its feedin§hese branches were then dried at 60°C and reweighed. The
ecology, in order to ascertain if it is possible for the sponge tflux rate of association was then normalized to the association
consume enough PON to sustain the relationship. Since it @6y mass to meet scientific conventions for the reporting of
highly likely that both food availability and water processingfluxes.
by the sponge would vary with season and time of day, we usedUItraplankton populations were quantified using a FACscan
flow cytometry to measure feeding rates in summer and wintefBecton Dickson, San Jose, California, USA) at Flinders
with time of day (days night) nested within season. University, South Australia following the techniques of Marie
et al. (1997). Orange fluorescence (from phycoerythrin), red
fluorescence (from chlorophyll) and green fluorescence (from
Materials and methods DNA stained with SYBR Green) were collected through band-
Seawater and branches of tialiclona—Ceratodictyon pass interference filters at 650, 585 and &30 respectively.
association were collected from the lagoon of One Tree Red&he five measured parameters, forward- and right-angle light
(23°30'S, 15206E), southern Great Barrier Reef; both thescatter (FALS and RALS), and orange, red and green
association (Price et al., 1984; van Soest, 1990) and locatidlnorescence were recorded on 3-decade logarithmic scales,
(Trautman et al., 2000) have been described. Winter trials wessrted in list mode, and analysed with custom-designed
conducted between 20th and 21st July, 2000 and summer trigisftware (Vaulot, 1989). Ultraplankton populations were
between 8th and 9th January, 2001. Daytime trials weriglentified as general cell types of bacteria (Bac),
conducted between 13:80and 15:0 and night time trials Prochlorococcusp. (Pro),Synechococcuype cyanobacteria
between 19:00 and 23:00, and water was collected 80n  (Syn), and protozoans (Proto). Cell types were visually
prior to the start of trials. All sponges were kept submerged inonfirmed, and mean cell diameter measufed50) using
the lagoon until they were needed. Owing to the small size @pifluorescence microscopy.
the sponge oscula, direct measurements of the exhalant currenDepletion rates of ultraplankton were calculated assuming
could not be made, so indirect measurements of feeding wea@ exponential growth and clearance of prey following the
used. Incubations were conducted iit& beakers, containing methods of Ribes et al. (1998). In summary, prey growth rate
1liter of seawater, vigorously aerated using two airstonesk (h™2) is computed as:
During the daytime experiments, a constant irradiance o* In(Ct/Co)
132UE was provided by a 22, 50W quartz halogen lamp = Q)
(Precis, Cleveland, OH, USA) positioned mén from the =l
beaker, while at night the beakers were shielded from ambietthere Co and Cs are the prey concentrations in the beaker at
light by a wooden screen covered with a black cloth. Théhe initial timeto and final time. The clearance rate(volume
irradiance at the edge of the beaker was measurggEatsing ~ Processed by @ wetmassspongeime) is computed as:
a Licor photometer (LI-189; Lincoln, NB, USA). Temperature F=V(g/) , )
was monitored throughout the incubations; it did not change
over the course of either of the trials by more than +1°C, buvhereV is the volume water in the beakerjs the wet mass,
did vary between seasons. In winter the temperature rang@@dg is the grazing coefficient (#), which is computed as:
from 21-22°C and in summer from 28-30°C. g=ke—kKg, 3)
Water samples for analysis of ultraplankton by flow
cytometry were collected with a Gilson (Middleton, W1, USA) wherekc is the prey growth rate in the control beakers kand
pipettor from beakers that contained either the association &t the apparent growth in the grazing beakers. The ingestion
seawater onlyN=3). Triplicate Iml samples were collected at fatel (preyingestedy wetmassime™) is:
different points within the beaker at the beginning of each trial I=FC |, (4)
and after 15nin. Water samples were preserved for flow
cytometry following standard protocols (Pile et al., 1996)whereC is the average prey concentration during the trials,
transported to Flinders University on dry ice, and maintainegalculated as:

at —80°C until analysis. An additional &) of water from each Co(elk-9)(tr—to)—1)

beaker was filtered onto a 0.Qéh black polycarbonate filter C= W : (5)

and frozen for subsequent visual confirmation of ultraplanktor °

populations. A conservative estimate of daily carbon (C) and nitrogen

Treatment beakers contained one sponge branch, which wgs) availability was calculated empirically by converting the
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ingestion ratel] to an equivalent in g C and N. Computations 10
assumed a 1B:12h light:dark cycle in winter and a y=0.143x+0 .
14h:10h light:dark cycle in summer. For heterotrophic N Irazjgggl

bacteria we employed cell conversion factors of2Q per '

cell with a C:N ratio of 3.5 (Wheeler and Kirchman, 1986).
Available C and N from phytoplankton and protozoans wa
determined as a function of biovolume, using epifluorescenc
microscopy (Ribes et al., 1998, and references therein). W\
are aware of the limitations of such calculations anc
sufficient data are presented so that if better cell-to-carbo
and cell-to-nitrogen conversions become available, fluxes ce 2+
be recalculated.

Dry mass (g)

0 10 20 30 40 50 60 70
Results Wetmass (g)

As expected, there is a strong linear relationshifb00.42; _ _ _ _ i o

P<0.001;r2=0.91) between dry mass and wet mass of thi:F'g'l' Relationship betweeRlaliclona—Ceratodictyonassociation
. wet and dry mass.

sponge (Figl). As sponges can regenerate from fragments thi
are returned to the natural habitat, the excellent fit of thi
relationship avoids the need to sacrifice any further individuals Ultraplankton communities varied slightly with both the
to determine the dry mass of théaliclona—Ceratodictyon time of day and season. During the summer sampling period
association used in future experiments. This finding will helpve recorded more than an order of magnitude increase in
to preserve the species. Synechococcus spt night. All other types of ultraplankton

Heterotrophic bacteria and two autotrophic prokaryoteshave variations of less than 20% both within and between
Prochlorococcussp. andSynechococcutype cyanobacteria, seasons (Tablg).
comprised over 90% the ultraplankton community in One Tree The presence of thelaliclona—Ceratodictyorassociation
Lagoon regardless of season (Table The only abundant significantly reduced the growth rates of heterotrophic
eukaryotic organisms were a variety of heterotrophic ciliatebacteria and protozoans. The net effect, combined day and
that are grouped here as protozoans. No autotrophic eukaryoteght growth rates, of the Haliclona—Ceratodictyon
were found during any of the sample periods. The C:N ratio adssociation on the growth rate of heterotrophic bacteria
the ultraplankton community of 3.1-4 reflects the dominancehowed no difference by season. However, during winter the
of heterotrophic organisms found within the lagoon of OneHaliclona—Ceratodictyorassociation had a greater negative
Tree Island (Tablé). effect on growth during the day, while in summer there was

Tablel. Calculated availability of living particulate organic carbon (POC) and living particulate organic nitrogen (PON) as a
function of time of day and season at One Tree Island lagoon

Winter Summer
Type of ultraplankton Day % Night % Day % Night %
Carbon uig C I}
Heterotrophic bacteria 6.39+1.11 88 5.42+0.92 86 5.42+1.48 90 5.19+0.13 59
Prochlorococcus 0.34+0.09 5 0.50+0.09 8 0.28+0.09 5 0.35£0.19 4
Synechococcus 0.45+0.21 6 0.33+0.24 5 0.18+0.08 3 3.11+2.71 35
Protozoans 0.08+0.01 1 0.09+0.15 1 0.15+0.05 2 0.11+0.03 1
Total 7.26 6.34 6.03 8.76
Nitrogen (g N I3
Heterotrophic bacteria 1.82+0.32 88 1.55+0.26 86 1.55+0.42 85 1.48+0.37 68
Prochlorococcus 0.05+0.05 2 0.08+0.01 4 0.04+0.01 2 0.06+0.03) 2
Synechococcus 0.07+0.07 3 0.05+£0.04 3 0.03+0.01 2 0.49£0.05 23
Protozoans 0.12+0.02 6 0.12+0.01 7 0.20+0.07 11 0.16+0.04 7
Total 2.06 1.80 1.82 2.19
C:N 3.5 3.5 3.3 4.0

Values are meanssp. (N=3).
Haliclona cymiformiss very common in the area where the water samples were collected.
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Table2. Differences in numbers/particulate organic carbon fluxes were an order of magnitude higher in the winter than the

(POC) contributed by each type of ultraplankton summer. During the winter most of the carbon and nitrogen
Source df Ss = flux occqrred .during the night. During the summer _there was
- - only a slight difference between the day- and night-time fluxes
(A) Heterotrophic bacteria (Table3).
Treatment (T) 1 1.665 3.909*
Time of day (TOD) 1 0.089 0.271
Season (S 1 0.253 0.995 . .
TXTOD © 1 0067 0159 Discussion
TS 1 0.596 1.395 The ability of any organism to meet its nutritional needs is
LxS 1 1.951 4.580* dependent upon both ecosystem and organismal processes. For
TxTODxS 1 0.730 1.71% suspension-feeding invertebrates, the composition of the water
Error 16 6.814 column community dictates the available diet. The water
column community within the lagoon of One Tree Island is
(B) Prochlorococcus dominated by ultraplankton and skewed towards heterotrophic
Treatment (T) 1 0l29 0209 species (Tabl@). This is not unexpected, as on other Pacific
Time of day (TOD) 10623 0.963 coral reefs there are shifts in the structure of the water column
Season (S) 1 1.264 1.952 community in relation to position on the reef. Charpy and
TxTOD 1 0.577 0.89%
TS 1 0.157 0.24% Blanchot (1998) have demonstrated that water column
LxS 1 1.801 2 785 communities in atoll lagoons have a much greater prokaryotic
TxTODXS 1 0.307 0.475 ultraplankton biomass than nearby oceanic waters (2—10 times
Error 16  10.357 higher) and lack autotrophic eukaryotes. Also, as water
traverses a coral reef, as much as 90% of the ultraplankton can
(C) Synechococcus be removed from the water (Ayukai, 1995). The primary factor
Treatment (T) 1 0.760 0.583 driving this change in community structure in the water column
Time of day (TOD) 1 2.693 1.899 is most likely to be grazing by benthic invertebrates (Ayukai,
Season () 1 3611 2353 1995; Charpy and Blanchot, 1998). Ultimately, the food that
TxTOD 1 4.939 3.46%

is available for organisms to eat within the One Tree Lagoon

Izg 1 g:gg; 3?;‘; is chgracteristig of chific coral reef. lagoons and can be
TXxTODXS 1 8534 5 989* described as minute, nitrogen-rich particles.
Error 16 1.495 As in other Pacific coral reef water column communities,
there was no discernible seasonal variation in ultraplankton
(D) Protozoans community structure (Furnas and Mitchell, 1987; Charpy,
Treatment (T) 1 28258  62.714%* 1996). Synechococcusvas the only genus to show a diel
Time of day (TOD) 1 0.423 0.939 variation, with greater abundance at night than during the
Season (S) 1 2.485 5.514* day (Tablel). There could be two sources for this increase.
TXTOD 1 0380 0.84% First, the doubling ofSynechococcusells, which occurs
TS 1o Lesr 2789 synchronously at night in natural populations (Campbell and
#ﬁODxS i 2'228 ig'gég“ Carpenter, 1986; Jacquet et al., 1998), will result in new cells.
Error 16 0'_451 ' This characteristic of ultraplankton communities means that

for a certain window of time, there is an increase in the amount

Repeated-measures analysis of variance (ANOVA) for each typ@f both C and N ava"ab"? for 'capt'ure by SUSPe”S'O” feeder§.
of ultraplankton. Time of day (days night) is nested within season S€cond, there may be a diel migration of benthic cyanobacteria
(wintervssummer) *P< 0.05; **P<0.01; ***P<0.001;"P>0.05. into the water column, which will significantly increase the
number of cells. It remains to be seen if invertebrate grazers
can take advantage pulsed increases in food availability by
a negative effect only at night (Tal#e Fig.2). For changing their grazing activities.
protozoans, there was a seasonal difference, with more The Haliclona—Ceratodictyonassociation is capable of
negative growth rates during the winter than summer and thretaining heterotrophic bacteria and protozoans but is
same diel pattern as seen in heterotrophic bacteria was fouagdparently unable to retain Prochlorococcus and
(Table2, Fig.2). The Haliclona—Ceratodictyonassociation SynechococcugFig.2). While this may suggest that.
did not appear to have a statistically significant effect oymiformisgrazes selectively on heterotrophic organisms, this
Prochlorococcussp. andSynechococcudtype cyanobacteria is highly unlikely as sponges have no known mechanism for
(Table2, Fig.2). particle selection. Rather, it is more likely that the low

The Haliclona—Ceratodictyonassociation removed more abundance ofProchlorococcusand Synechococcuin One
particulate material from the water column community inTree Island Lagoon as compared to other coral reefs (Ayukai,
winter than summer (TabR). Both the carbon and nitrogen 1995; Charpy, 1996; Charpy and Blanchot, 1998) prevents
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their capture by the choanocytes as seen in Caribbean sponges

5| - Treament 3 (Pile, 1.999).' Reggrdless qf the.mechanism,.the na.tural diet of
— Contrd 5] H. cymiformisis nitrogen-rich with a C:N ratio ranging from
= 21 . . . L 3.3t0 4 (Tabld).
S 14 1 Surprisingly the Haliclona—Ceratodictyon association
g ol A& 1" 7 01 removed nearly an order of magnitude more PON and POC from
£ 4 -1+ the water column in winter than summer (Tad)leAs there was
5 | —2- no discernible difference between the ultraplankton
g’ —21 -3 communities, the greater flux is probably due to an increase in
Z -3 _4] the amount of water processed by the sponge. It has been
41 5] demonstrated in a temperate sponge that water processing and
5l ' ' ' 6 Q . 0 e temperature are positively correlated (Riisgard et al., 1893).
Winter Winter Summer Stmmer Winter Winter Summer Summer cymiformis however, appears to be increasing water processing
rates as the temperature decreases from summer to winter. This
Synehococcusp. Protozoans result, while unexpected, may be linked to the unique association
34 3 between the sponge and algal partners. It may be that, in
2] 5] summer, higher rates of photosynthesis (Trautman, 1996) supp!y
j:\'/ . N * % more oxygen anq organic carbon to the sponge pgrtner thqn in
P N n n n winter, allowing it to process less water and still meet its
£ 0 0 metabolic needs.
s -1 - Grazing on ultraplankton appears to be an excellent source
g, Y Y of carbon and nitrogen to the sponge partner in the association.
g 3 3 Unlike most symbioses with either photo- or chemotrophic
* * partners (Muscatine et al., 1984; Fisher, 1990; Childress and
- 41 Fisher, 1992), in this association there appears to be little
= O ° O ° - IT—J > e |:'| < e

-5 transfer of organic carbon from the autotrophic partner to the
heterotrophic partner (A. Grant, unpublished data). Grazing by
the heterotrophic partner is required as we have no evidence
_ _ of significant nutritional support to it from the algal partner.
Fig. 2. Net growth rate of ultraplankton in the presence (Treatmentryiq |4k of nutrient transfer may be a result of the extracellular
solid bars) and absence (Control, open bars) - of ey e of the association; in associations in which significant

Haliclona—Ceratodictyonassociation. Values are means sib. nsfer of nutrients has been r rted from alaal svmbiont
*Significant differences between treatments and controls and time(t)a ster ol nutrients has been reported irom algal Symbionts,

day (%), day (open circlesys night (closed circles) R<0.05). "€ glgae have been intragellular, facilitating the exchange of

Significant seasonal differenceB<(0.05) are present if treatments Nutrients (Trautman and Hinde, 2001).

(winter vssummer) do not share an underline. We conclude that nitrogen obtained from grazing on
ultraplankton supports the nitrogen metabolism of both
partners in this sponge—algal association. The sponge can

Winter Winter Summer Summer Winter Winter Summer Summer

Time of year

Table3. Mean daily uptake of carbon and nitrogen by the spdtageclona cymiformisrom the plankton community

Winter Summer
Type of ultraplankton Day Night Total Day Night Total
Carbon (mgC g1 dry massday ™)
Heterotrophic bacteria 2.75 3.88 6.63 ns ns ns
Synechococcus 0.01 0.06 0.07 0.09 0.09
Protozoans 0.06 0.08 0.14 0.12 0.07 0.19
Total 6.84 0.28
Nitrogen (mgN g1 dry massday)
Heterotrophic bacteria 0.79 1.11 1.90 ns ns ns
Synechococcus 0.01 0.01 0.01 0.01
Protozoans 0.08 0.10 0.18 0.16 0.10 0.26
Total 2.09 0.27

The natural light:dark cycle is assumed to b&ad2h for winter and 14:10h for summer.
Fluxes that are less than 010§ are indicated as not significant (ns).




4538 A. J. Pile and others

retain enough PON to meet the projected nitrogen budget ofcentral Great Barrier Reef. Il Primary producti@unt. Shelf Reg, 1049-
the association. The sponge partner would need to take up-062.

1 1 " ili, J.-M. and Coma, R.(1998). Benthic suspension feeders: their paramount
0.275mgN g~ dry masgjay— to meet the nutritional needs of role in littoral marine food webdrends Ecol. Evoll3, 316-321.

both partners (Davy et al., 2002). Thus, uptake in summer igatcher, B. G.(1988). Coral reef primary productivity: A beggar’'s banquet.
sufficient to maintain the association, while in winter the fluxes Trends Ecol. Evol3, 106-111.

. . Hatcher, B. G.(1990). Coral reef primary productivity: A heirarchy of pattern
are an order of magnitude greater than required to supply the, 4 process%rend)s Ecol. EVO[SD 149_31’5‘35. Y yore

association’s nitrogen requirements for maintenance. Thacquet, S., Lennon, J. F., Marie, D. and Vaulot, D1998). Picoplankton
surplus of nitrogen obtained during the winter could only be Population dynamics in coastal waters of the northwestern Mediterranean

. L . Sea.limnol. Oceanogr43, 1916-1931.
allocated to gI’OWth if the association’s other metabOHq_eWis, J. B.(1977). Processes of organic production on coral rBef&. Rev.

requirements were met through the overall greater uptake ofs2, 305-347.
particulate material. Marie, D., Partensky, F.‘, Jacquet, S. and Va_\ulot, D(.199_7). Er)umeration
L. . . . and cell cycle analysis of natural populations of marine picoplankton by
Research on the nutritional interactions in many  fow cytometry using the nucleic acid stain SYBR Greefppl. Environ.
invertebrate/autotrophic symbiotic associations has focused onMmicrobiol. 63, 186-193.
the flux of carbon between the partners. However, recefuscatine, L. and Porter, J. W.(1977). Reef corals: mutualistic symbioses

. . . . adapted to nutrient poor environmerB#Science27, 454-460.
advances in understanding the feeding ecology of invertebrajg scatine, L., Falkowski, P. G. and Porter, J. W.(1984). Fate of

partners other than the Cnidarians are revealing that grazing orphotosynthetically-fixed carbon in light and shade-adapted colonies of the

ultraplankton is an important nutritional source of nitrogen for_ Symbiotic coralStylophora pistillataProc. R. Soc. Lond. B22, 181-202.
h iati Pile and Youna. 1999). Ultrablankton i thP|Ie, A. J.(1997). Finding Reiswig’s missing carbon: Quantification of sponge
these associations (Pile a oung, )- aplankton IS tN€eeging using dual-beam flow cytometBroc. 8th Int. Coral Reef Symp.

most common food source in the world’s oceans (Stockner andz, 1403-1410.

Antia. 1986: Stockner. 1988: Sherr and Sherr 1991) and ifdle, A. J.(1999). Resource partitioning by Caribbean coral reef sponges: Is
’ ' . ’ ’ there enough food for everyonszm. Queensland Mud4, 457-462.

role .in StrUCtur'i!"g benthic communities is only beginning to bgijje, 'A. J. and Young, C. M.(1999). Plankton availability and retention
elucidated (Gili and Coma, 1998). The role that grazing on efficiencies of cold-seep symbiotic mussélsnnol. Oceanogr44, 1833-
ultraplankton plays in maintaining complex biological 1839 _ _ _

" h bioti iati lent Rile, A. J., Patterson, M. R. and Witman, J. D(1996).In situ grazing on
communities where symbiotic associations a_re prevalent, SLIChplankton <1Qum by the boreal spondédycale linguaMar. Ecol. Prog. Ser.
as coral reefs and hydrothermal vents, remains to be explored141, 95-102.

Price, I. R., Fricker, R. L. and Wilkinson, C. R. (1984). Ceratodictyon
. . spongiosum(Rhodophyta), the macroalgal partner in an alga-sponge
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