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Abstract
Ocean temperatures in the Gulf of Mexico are predicted to increase by 2ºC by 2050, and over the next 100 years,
global warming is expected to cause additional increases by as much as 2ºC to 4ºC. In this study, pigment
concentrations were used to determine the effects of temperature and salinity stress on the sponge Cliona celata.
Pigments extracted from sponge tissue were analyzed using HPLC; no significant losses in pigments occurred at
temperatures of 18ºC, 25ºC, 31ºC, and 33ºC and practical salinities of 22, 32, and 42, indicating a high threshold
to thermal and salinity stresses. Further, we report for the first time the existence of this species in the jetties of
Texas, representing a new range in habitat. These sponges may become more dominant in reef habitats and may
rapidly colonize new locations as corals worldwide suffer from bleaching.
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1. Introduction
Changes in sea surface temperatures (SST; Cane et al., 1997) caused by significant changes in global weather
and climate patterns, coupled with pollution associated with the industrial revolution, are causing increases in the
concentration of greenhouse gases (IPCC, 2007) worldwide. In the last 140 yrs, SSTs have increased by an
average of 1°C (Moberg et al., 2005; Miller et al., 2005; Huber et al., 2006). This seemingly minor increase in
ocean temperature is having significant consequences including the loss of polar ice through melting and
rupturing in the arctic regions (Vincent et al., 2001; van der Veen, 2001), increases in disease incidences and
soaring wildlife extinction rates around the world (Bradshaw et al., 2009), and a collapse of reef ecosystems
worldwide caused by bleaching (Strychar and Sammarco, 2009).
Bleaching is generally considered to be a process by which a host living symbiotically with dinoflagellates,
commonly called zooxanthellae (Symbiodinium sp.), loses these microbial associates in response to a variety of
environmental stresses, particularly elevated seawater temperature (Strychar and Sammarco, 2009). The
frequency of mass bleaching, particularly in scleractinian corals, has increased dramatically in recent years, and
yet the physiology and pathology are still not yet well described (Roff et al., 2008a, b). Since 1980, there has
been a dramatic increase in the frequency and duration of bleaching events on a global scale, with six major
world-wide bleaching events devastating coral reefs. These have been associated with El Niño events occurring
in 1979–80, 1982–83, 1987–1988, 1994–1995, 1998–1999, and 2002 (Huppert and Stone, 1998;
Hoegh-Guldberg, 1999; Hoegh-Guldberg et al., 2005). In 1998, 48% of western Indian Ocean reefs and 16% of
all reef areas globally exhibited extensive bleaching (Butler, 2005). In 2002, extensive bleaching occurred on
60-95% of the world’s barrier reefs, causing the loss of 50–90% of the coral (UNEP, 2008). Symptoms of
bleaching, however, are not solely observed in coral species, but include sea anemones, zoanthids, bivalves
(Tridacna; Gomez and Mingoa-Licuanan, 1998), foraminiferans (Richardson, 2009), and sponges (Vicente,
1990; Fromont and Garson, 1999).
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Sponges (phylum Porifera) are classified as primitive metazoans, first appearing during the Precambrian period
about 650 million years ago (Hadzi, 1963). The Porifera are estimated to have ~ 9,000 (Lesser, 2006) to 15,000
described species (Hooper and van Soest, 2002; Fieseler et al., 2004), of which the class Demospongiae is the
most diverse in the Caribbean and Floridian region. Coral and sponge species living in close proximity compete
for available habitat on hard substrate (Lopez-Victoria and Zea, 2005). Sponges, however, have been successful
80% of the time when competing with coral for available habitat (Vicente, 1978, 1990a; Suchanek et al., 1983).
Poriferans provide protection from physical disturbance, chemical defense against potential predators, and
habitat and recruitment sites (Uriz et al., 1992) for fishes, brittle stars, and shrimp (Díaz and Rützler, 2001;
Rützler, 2002). Sponge bleaching may be similar to bleaching in other invertebrates (Brown, 1997). Sponges
symbiotic with zooxanthellae (Symbiodinium spp.) lose increasing concentrations of symbionts with time until
the heat anomaly subsides, or until the host completely bleaches and dies (Vincente, 1990b; Fromont and Garson,
1999). The response of sponges that are “azooxanthellate”, i.e. not symbiotic with Symbiodinium sp., however, is
not well described, and it is not known whether such host species are more or less sensitive to temperature and/or
other stresses (Lemoine et al., 2007).
Pigmentation is an important characteristic in studying how both sessile and mobile invertebrates interact
(Bandaranayake, 2006). Pigments are described as a compound resulting in plant or animal cell color; the color
is the result of selective light absorption (Bandaranayake, 2006). Pigments present in tissues of a sponge may be
useful in the abatement or cessation of bleaching and deleterious effects of ultraviolet (UV) radiation. Sponges
may possess a wide array of UV-screening pigments capable of absorbing UV light (Bandaranayake, 2006) and
can filter out harmful materials and substances (Gröniger et al., 2000). Although some sponges primarily found
in the family Clionaidae have pigments associated with zooxanthellae, Prochloron, and cyanobacteria (Bergquist,
1978; Vacelet, 1981; Rützler, 1990; Wilkinson, 1992; Hill and Wilcox, 1998; Bandaranayake, 2006), little data
exist for the effects of temperature stress on the azooxanthellate Cliona celata.
The goal of this study was to assess quantitative changes in Cliona celata pigmentation when the sponge was
exposed to elevated water temperatures and reductions in salinity.
2. Materials and Methods
2.1 Study Site and Collection of Sponge (Cliona celata) Samples
Sponges, Cliona celata (identified by K. Rüetzler), were collected by snorkeling along the Port Aransas jetties
~31 to 46 m from shore (Figure 1). Collection depths were between 0.3 to 1.5 m on the south jetty (beach side)
between December 2008 and June 2009. Water temperatures in Port Aransas ranged from 13.8°C to 30.4°C
between 11 February 2008 and 18 February 2009 (Buskey, 2008).
Specimens were collected at low tide by detaching them with a spackling knife from larger intertidal rocks, and
smaller rocks whilst still underwater on the sandy bottom. Samples were brought to the surface inside Ziploc©
bags filled in-situ with water and then placed into 18.9 liter buckets with aeration stones to provide air flow and
water circulation. At the time of collection, ambient water temperatures ranged from15ºC to 18.5ºC and salinities
(reported as practical salinity throughout this research) from 32 to 35. We are using practical salinity which is a
dimensionless unit, as recommended by the International Association for the Physical Sciences of the Oceans
(IAPSO; Council of Science Editors, 2006) and adopted by the International System of Units (SI) in 1985.
Additional in-situ water was collected for flushing of samples in the wet lab during the 24 hr acclimation period.
Water temperature, salinity, depth, and location were recorded for all samples collected. Samples were
transported to the laboratory at Texas A&M University - Corpus Christi (TAMUCC), ~30 to 40 minutes (min)
from the collection site. A minimum period of 24 hr following collection was used for an acclimation period; any
unhealthy sponges were removed and healthy sponges maintained. Sponges were deemed unhealthy if they were
visually necrotic or the sponge tissue appeared to have lost a significant portion of its natural pigmentation.
Samples were flushed every 6 hrs with the additional in-situ water collected, or with pre-made marine water (an
Instant Ocean mix) of the same salinity and temperature to mimic in-situ conditions.
2.2 Experimental set-up
After acclimation, C. celata samples were added to incubation containers (IC) in an experimental set-up. Water
used in the experimentation was collected from the Laguna Madre, provided by Texas Parks and Wildlife
Department (TPWD) and deposited into five fiberglass tanks consisting of ~ 227 L each; water was immediately
filtered and recirculated using a Jacuzzi© laser sand pump. Individual air stones were placed inside each storage
tank. The practical salinity in each storage tank was tested prior to experimental analyses; any salinity > 35 was
diluted with deionized water (DI). All water in each storage tank was filtered and recirculated for at least 1 to 2
weeks prior to experimentation. A polyvinyl chloride (PVC) pipe filtration system was used to feed water from
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the storage tanks through two canister filters (5.0 µl followed by 0.5 µl), by means of two peristaltic pumps
(Masterflex ® L/S), to the incubation containers via Nalgene© tubing (Figure 2). Peristaltic pumps were adjusted
to ensure an average flow rate of 8 to 12 ml min-1.
In each experimental treatment (i.e. temperature, salinity) 12 sponge samples were measured and photographed
prior to any experimental usage. Mean wet weight of sponge samples ranged from 3.28 to 5.73 g during
temperature treatments, and 3.17 to 5.66 g for the salinity treatments. After weighing, sponge samples were
placed into one of 12 ICs (each 3.8 L in volume), each individually housed within a 18 L plastic water jacket
(WJ; Figure 3A) used to help maintain temperature in the IC; removable heaters (Jäger) were placed in each WJ
(Figure 3A). Within each IC, a sponge sample was placed on a plastic platform of 0.5 cm in height (see Figure
3B) to allow for uniform heat distribution. A magnetic stir bar was placed beneath the plastic platform inside the
IC to provide better water circulation and to ensure sufficient flow (Figure 3B).
Heaters maintained water baths at 18ºC (representing our temperature at the time of collection, and hence our
control), 25ºC, 31ºC, and 33ºC. Since bleaching is caused by temperatures elevated ~1.0ºC above mean annual
averages (Hoegh-Guldberg, 1999), a change in temperature of 2ºC should result in definitive signs of bleaching
and allow for visible results, given that the mean maximum temperature in this region is ~31ºC. Salinities within
the WJ and IC were maintained at ambient salinity levels of 32. All artificial marine water was twice exposed to
a sock filter (filter bag, 200 µm) before use in experimental analyses to ensure dissolution of salt in the water.
Ambient lighting was simulated by a 12 h light : 12 h dark diel cycle (Mobley and Gleason, 2003) with two
Super Actinic bulbs and two Actinic white bulbs following Strychar et al. (2004).
Upon completion of each experimental treatment, each set of IC, WJ, and all tubing was cleaned with 10%
bleach in water and thrice rinsed with DI water to remove bacteria and remaining bleach residue. The water
storage tanks were rinsed with DI water and the sand filter was cleaned by rinsing, followed by backwashing to
flush out residual bacteria accumulated after an experiment.
2.3 Collection and Preparation of Host Tissue Pigments for Analysis
At each sampling interval (every 6 hr over 60 hr), a small core of sponge tissue, ~7 mm in diameter, was
randomly removed from the sample using a cork borer (Wards Scientific); the core was then stored separately in
a plastic 2 ml labeled centrifuge tube for analyses. All sponge tissue cores for each sampling interval were stored
in a freezer at -20ºC after weighing. Aluminum foil was used to cover the cored samples while in the freezer to
prevent possible pigment degradation; UV light can degrade pigments and chlorophyll a (Tanaka and Tsuji,
1981; D’Croz et al., 2001). Frozen samples were analyzed with UltraViolet/Visible (UV/VIS) spectrophotometry
and High Performance Liquid Chromatography (HPLC).
Pigments were extracted from 0.01 to 0.06 g tissue-core samples in 2.0 ml of 90:10 % acetone:water mixture and
homogenized (Ultra-Turrax T8) for ~30 to 60 s at high speed (Friedrich et al., 2001). The tissue homogenate was
then centrifuged for 5 min. at 3,500 rpm and stored for ~24 hr at -20ºC. Cores were then sonicated for 30 min. at
ambient temperature with a sonicator (Model P250D), which was covered to minimize light exposure and
pigment degradation. Extracts were filtered on 45μm polypropylene Whatman© filters and then transferred to
individual 50 ml beakers containing acetone. Acetone was then evaporated under a stream of nitrogen. Any
remaining unevaporated substrate was solubilized with 1.5 ml of 90:10% acetonitrile: water with 0.1%
Trifluoroacetic acid (TFA) and transferred to a quartz cuvette (Brotas et al., 2007) for UV/VIS analysis. This
step was repeated with an additional 1.5 ml of the solvent to quantitatively transfer pigment. It is important to
note that all pigment concentrations were adjusted for differences in weight of samples for UV and HPLC
analysis.
2.4 Ultra-Violet (UV)/Visible (VIS) Spectrophotometry
Samples were analyzed with a Cary 100 Bio UV/VIS spectrophotometer utilizing Cary WinUV software
(version 9.0). Absorption readings were measured at three wavelengths (375 nm, 400 nm, and 450 nm) utilizing
“Advanced Reading” treatment (Table 1). For consistency and to obtain maximum peak absorption, a minimum
and maximum set of wavelengths were chosen around 400 nm. In addition, the UV/VIS spectra from 350 to 650
nm were obtained for reference purposes. Proper cleaning of cuvettes to avoid contamination included cleaning
with acetone with a final solvent rinse of acetonitrile: water (90:10% with 0.1% TFA). After UV/VIS analyses,
the samples were analyzed using HPLC.
2.5 Analysis using High Performance Liquid Chromatography (HPLC)
Sponge pigments were analyzed using a Waters HPLC system composed of a 7196 autosampler, a Waters Delta
600 solvent delivery system controller, and a Waters 2996 photodiode array detector. Chromatographic
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separations were performed on a C18 column (Alltech Prevail C18, 5 μm particle size, length 250 mm, and 4.6
mm ID – inner diameter) under gradient elution with water and acetonitrile, both with 0.1% TFA and examined
at 265 nm. The gradient elution program followed a 0 to 30% acetonitrile over 30 min (see Table 2). The solvent
flow rate was 1.0 ml min-1 and injection volume consisted of 100 μl. Chromatographic peaks with absorbance
readings higher than 0.8 absorbance units were reinjected with lower injection volumes (e.g. 75 ul, 50 ul, etc.)
until absorbance readings of 0.8 or less were obtained.
2.6 Statistical Analyses
After photometric and HPLC procedures, all pigment concentrations were adjusted for differences in weight of
samples. All core absorbance values were then analyzed using one-way repeated measures analysis of variance
(ANOVA) to test the null hypothesis that there was no difference in the loss of pigmentation of the sponge
Cliona celata exposed to increasing temperature and salinity stresses over time.
3. Results
During the present study the massive excavating sponge Cliona celata was found for the first time on the jetties
of Texas.
3.1 Effects of Elevated Temperature Stress on Sponges
Maximum peak absorption of extracted pigments were detected by HPLC from sponge cores using acetonitrile
and water with 0.1% Triflouracetic acid (TFA) 3.75 min.
All three wavelengths (375 nm, 400 nm, and 450 nm) in the Mauchley’s test of sphericity for temperature had
epsilon values (ε) = 1.000; sphericity has been violated when ε values are less than 1.000. To adjust the degrees
of freedom (df), either the multivariate or ε values can be used (Leech et al., 2008; Table 3). In the event of
violation as observed here, new degrees of freedom were calculated by multiplying the Huynh-Feldt correction
with the assumed sphericity (values were > 0.75), however, no significant differences were observed.
Multivariate analysis do not require sphericity, therefore Wilks’ Lambda was used to further test temperature
treatments for statistical significance. There was no significant difference in the release of pigment with time or
temperatures (18ºC, 25ºC, 31ºC, and 33ºC; Table 4; Figure 4 A-C).
3.2 Effects of Salinity Stress on Sponges
Mauchley’s test of sphericity showed that in two of three wavelengths (375 nm and 400 nm; Table 5), ε < 1.0,
indicating that sphericity was violated (Leech et al., 2008). In most cases where ε < 0.75, the
Greenhouse-Geisser correction is used, and when ε > 0.75, the Huynh-Feldt correction is used. At wavelength
450 nm the ε < 0.75, indicating the need to use the Greenhouse-Geisser correction; the Huynh-Feldt correction
was used for 375 nm and 400 nm because ε < 0.75. Because of this violation, the new degrees of freedom were
calculated by multiplying the correction factor with the assumed sphericity.
Multivariate analysis using Wilks’ Lambda indicate that there were no significant salinity stressors causing a loss
of pigmentation in sponge samples (Table 6; Figure 5 A-C).
4. Discussion
Bleaching events have been predicted to become frequent annual events in the next 30 to 50 years
(Hoegh-Guldberg, 1999) and an estimated temperature increase of 2ºC by 2050 (McCarthy et al., 2001;
McWilliams et al., 2005). Sea surface temperatures are predicted to increase 2ºC to 4ºC over the next 100 years
(McCarthy et al., 2001) and temperature increases may reach depths to >500 m (Barnett et al., 2005). This
increase can be severe and even fatal as reported in many Caribbean and Pacific waters including the bleaching
events of Mexico and Belize in 1995 (Brown et al., 1996), and in Puerto Rico in the late 1980s (Vincente,
1990b). Until recently, investigations were lacking on the effects of temperature increases resulting from global
warming on sponges.
Protected by a chain of barrier islands, the Laguna Madre is a body of water that stretches 445 km along the
Texas coastline (Tunnell and Judd, 2002). Fauna in this region must be well adapted to changes in salinity and
temperature (Whitten et al., 1950) and other factors associated with drought and hurricanes (Tunnell and Judd,
2002). Whitten et al. (1950) documented the occurrence of sponges on the Port Aransas jetties, a man-made hard
substrate habitat. Historically, poriferan species present on the Aransas Pass jetties have included sponges from
the class Demospongiae, such as Haliclona sp. and Microciona sp. (Britton and Morton, 1989), which were
described in earlier works as patchy bright purple sponges (Haliclona), an encrusting red ochre species
(Microciona), and other invertebrate species including cnidarians, mollusks, crustaceans, and echinoderms.
During the present study, the massive excavating sponge Cliona celata was found for the first time in this
6
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habitat.
4.1 Effects of Elevated Temperature Stress on Sponges
Poriferan species containing cyanobacteria and zooxanthellae have been the primary target of previous work on
temperature effects over time. López-Legentil et al. (2008), for example, studied bleaching in Xestospongia muta
and observed no changes in cyanobacteria pigmentation over time. In our study, no loss in pigmentation
occurred at any temperature over time, indicating that C. celata is well adapted to high temperatures. Adaptation
in this sponge may be due to its survival in a volatile intertidal habitat in which fluctuating tides bring extreme
environmental changes in salinity and temperature. Cobb (1969) reported that the growth of C. celata was not
temperature dependent, and higher temperatures contributed to larger sizes of sponge (Nicole and Reisman,
1976). Adaptation in this species may be related to its present environment where individuals at low tide are
likely to be heated by solar radiation. Similar conditions were found for the habitat of sponges growing close to
the intertidal zone of certain Caribbean mangrove channels (Rützler, 1995). Nevertheless, such adaptation may
be important as global warming trends negatively affect less fit (i.e. less adapted) benthic invertebrates.
Experimental analysis examining pigments of sponges and using them as indicators of organismal stress are
lacking and little information about the type of pigment contained within the pinacoderm exists. In this study we
combined the use of HPLC and spectrophotometric analyses, reported by Brotas et al. (2007) as the best
approach, following procedures previously adapted for invertebrates that possessed symbionts, and therefore not
aimed at pigment quantification in general. However, tests examining pigments of sponge and using pigments as
indicators of organismal stress are lacking; little information about the type of pigment contained within the
ectosome exists. Better methods in future studies may include liquid chromatography - mass spectrophotometry
(LC – MS) procedures. The use of NMR (Nuclear magnetic resonance) is another applicable test that could
provide further characteristics of pigment degradation in response to stress.
4.2 Effects of Salinity Stress on Sponges
The boring sponge, Cliona celata, occurs more often when practical salinities are higher than 10 to 15; at lower
salinities, C. celata suffers mortality (Hopkins, 1962). Practical salinities in the Laguna Madre range from 15 to
35 (Whitten et al., 1950) and were recorded as high as 41 and 42 during this study (Buskey, 2008). In this study,
there were no significant differences between pigments lost from the sponge samples at any of the practical
salinities used. This may be indicative of their higher salinity tolerance and the successful ability of the sponge to
occupy large areas of calcareous substratum in comparison with their competitors (Nicol and Reisman, 1976).
Nicol and Reisman (1976) observed notably larger sponges when practical salinities were between 27 and 31,
with high abundances found in waters of salinities ranging from 25 to 30 (Hartman, 1958).
5. Conclusion
This study has presented novel findings regarding C. celata. For the first time, the discovery of the encrusting to
massive sponge C. celata has been observed in the Port Aransas jetties, Texas (USA). In addition, investigation
into the effects of global warming (i.e. heat stress) on sponges previously has been lacking. Here, C. celata had
no significant losses in pigment concentrations between temperatures 18ºC, 25ºC, 31ºC, and 33ºC or decreases in
practical salinity (22, 32, and 42). However, the different combinations of temperatures and salinities may have
caused measurable responses if the experiments had longer durations (e.g. 5 to 6 days or more); future research
might include longer exposures. Further studies should also include the magnitude of the fluctuations in
temperatures and salinity and changes in the mean temperature of these variables to help determine which of
these is more important in the response to stress. In general, these important results indicate that C. celata is
adapted to and highly tolerant of high temperatures and wide ranges of salinities. This adaptive species may be
highly competitive in years to come, and possibly dominant in habitat were it was historically absent.
Acknowledgements
We are grateful to the Texas Research Development Fund for grants to KBS, Texas Parks and Wildlife (TPW)
for licenses to KBS to collect sponges, and NOAA permits via E Hickerson and GP Schmal to KBS.
References
Bandaranayake, W.M. (2006). The nature and role of pigments of marine invertebrates. Natural Products
Reports, 23, 22-255.
Barnett, T.P., Pierce, D.W., AchutaRao, K.M., Gleckler, P.J., Santer, B.D., Gregory, J.M., & Washington, W.M.
(2005). Penetration of human-induced warming into the world’s oceans. Science, 309, 284-287.
Bergquist, P.R. (1978). Sponges. Hutchinson and Co., London, (Chapter 4).

Published by Canadian Center of Science and Education

7

www.ccsenet.org/ijb

International Journal of Biology

Vol. 2, No. 2; July 2010

Britton, J.C., & Morton, B. (1989). Shore ecology of the Gulf of Mexico. Univ. Tex. Press. Austin, Texas. 387
pp.
Brotas, V., Mendes, C.R., & Cartaxana, P. (2007). Microphytobenthic biomass assessment by pigment analysis:
comparison of spectrophotometry and High Performance Liquid Chromatography methods. Hydrobiologia. 587,
19-24.
Brown, B.E. (1997). Coral Bleaching: causes and consequences. Coral Reefs., 16: S129-S138.
Brown, B.E., Dunne, R.P., & Chansang, H. (1996). Coral bleaching relative to elevated seawater temperature in
the Andaman Sea (Indian Ocean) over the last 50 years. Coral Reefs., 15, 151-152.
Buskey, E.J. (2008). Mission Aransas National Estuarine Research Reserve. Online database, Research was
conducted under award from Estuarine Reserves Division, Office of Ocean and Coastal Resource Management,
National Ocean Service, National Oceanic and Atmospheric Administration. [Online] Available:
http://www.gulfbase.org/organization/view.php?oid=manerr1.
Butler, R.A. (2005). Coral reefs decimated by 2050, Great Barrier Reef’s coral 95% dead. Mongabay.com
[Online] Available: http://news.mongabay.com/2005/1117-corals.html
Cane, M.A., Clement, A.C., Kaplan, A., Kushnir, Y., Pozdnyakov, D., Seager, R., Zebiak, S.E., & Murtugudde,
R. (1997). Twentieth-century sea surface temperature trends. Science, 275, 957-960.
Cobb, W.R. (1969). Penetration of calcium carbonate substrates by the boring sponge, Cliona. American
Zoologist, 9, 783-790.
Council of Science Editors. (2006). The CSE manual for authors, editors, and publishers. (7th ed.). Reston, VA,
(pp. 412-413).
D’Croz, L., Maté, J.L., & Oke, J.E. (2001). Responses to elevated sea water temperature and UV radiation in the
coral Porites lobata from upwelling and non-upwelling environments on the Pacific coast of Panama. Bulletin of
Marine Science, 69, 203-214.
Díaz, M.C., & Rützler, K. (2001). Sponges: An essential component of Caribbean coral reefs. Bulletin of Marine
Science, 69, 535-546.
Fieseler, L., Horn, M., Wagner, M., & Hentschel, U. (2004). Discovery of novel candidate phylum
“Poribacteria” in marine sponges. Applied Environmental Microbiology, 70, 3724-3732.
Friedrich, A.B., Fischer, I., Proksch, P., Hacker, J., & Hentschel, U. (2001). Temporal variation of the microbial
community associated with the Mediterranean sponge Aplysina aerophoba. FEMS Microbiol Ecology, 38,
105-113.
Fromont, J., & Garson, M. (1999). Sponge bleaching on the west and east coasts of Australia. Coral Reefs., 18,
340.
Gomez, E.D., & Mingoa-Licuanan, S.S. (1998). Mortalities of giant clams associated with unusually high
temperatures and coral bleaching. Reef Encounter, 24, 19-24.
Gröniger, A., Sinha, R.P., Klisch, M., & Häder, D.P. (2000). Photoprotective compounds in cyanobacteria,
phytoplankton and macroalgae — a database. Journal of Photochemistry and Photobiology, B, 58, 115.
Hadzi, J. (1963). The evolution of the Metazoa I- XII. (1st ed.). Pergamon Press, Oxford. (Chapter 3).
Hartman, W.D. (1958). Natural history of the marine sponges of southern New England. Peabody Museum of
Natural History. Yale University Bulletin, 12, 1-155.
Hill, M.S., & Wilcox, T. (1998). Unusual mode of symbiont repopulation after bleaching in Anthosigmella
varians: acquisition of different zoxanthellae strains. Symbiosis, 25, 279-289.
Huber, C., Leuenberger, M., Spahni, R., Flückiger, J., Schwander, J., Stocker, T.F., Johnsen, S., Landais, A.,
Jouzel, J. (2006). Isotope calibrated Greenland temperature record over Marine Isotope Stage 3 and its relation to
CH4. Earth Planetary Science Letters, 243, 504-519.
Hoegh-Guldberg, O. (1999). Climate change, coral bleaching and the future of the world’s coral reefs. Marine
and Freshwater Research, 50, 839-866.
Hoegh-Guldberg, O., Fine, M., Skirving, W., Johnstone, R., Dove, S., & Strong, A.E. (2005). Coral bleaching
following wintry weather. Limnology and Oceanography, 50, 265-271.
Hooper, J.N.A. & van Soest, R.W.M. (2002). Systema Porifera: A guide to the classification of sponges. Plenum

8

ISSN 1916-9671

E-ISSN 1916-968X

www.ccsenet.org/ijb

International Journal of Biology

Vol. 2, No. 2; July 2010

Publishers, New York, Vol I. (Chapter 3).
Hopkins, S.H. (1962). Distribution of species of Cliona (boring sponge) on the Eastern Shore of Virginia in
relation to salinity. Chesapeake Science. 3, 121-124.
Huppert, A., & Stone, L. (1998). Chaos in the Pacific’s coral reef bleaching cycle. American Naturalist, 152,
447-459.
Intergovernmental Panel on Climate Change (IPCC). (2007). Climate Change 2007 - The physical science basis.
Contribution of working group I to the fourth assessment report of the intergovernmental panel on climate
change. Cambridge (UK) and New York: Cambridge University Press, 996 pp.
Leech, N.L., Barrett, K.C., & Morgan, G.A. (2008). SPSS for Intermediate Statistics, 3rd ed. Lawrence Erlbaum
Associates, New York, NY.
Lemoine, N., Buell, N., Hill, A., & Hill, M. (2007). Assessing the utility of sponge microbial symbiont
communities as models to study global climate change: a case study with Halichondria bowerbanki. In M.R.
Custódio, G. Lôbo-Hajdu, E. Hajdu, & G. Muricy (Eds), Porifera Research: Biodiversity, Innovation, and
Sustainability. (pp 419–425). Série Livros 28, Museu Nacional, Rio de Janeiro.
Lesser, M.P. (2006). Benthic-pelagic coupling on coral reefs: Feeding and growth of Caribbean sponges. Journal
of Experimental Marine Biology and Ecology, 328, 277-288.
López-Legentil, S., Song, B., McMurray, S., & Pawlik, J.R. (2008). Bleaching and stress in coral reef
ecosystems: hsp70 expression by the giant barrel sponge Xestospongia muta. Molecular Ecology, 17,
1840-14849.
McCarthy, J.J., Canziani, O.F., Leary, N.A., Dokken, D.J., & White, K.S. (2001). Climate Change 2001: Impacts,
Adaptation, and Vulnerability; Contribution of Working Group II to the Third Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC). Cambridge University Press, UK.
McWilliams, J.P., Cote, I.M., Gill, J.A., Sutherland, W.J., & Watkinson, A.R. (2005). Accelerating impacts of
temperature-induced coral bleaching in the Caribbean. Ecology, 86, 2055-2060.
Moberg, A., Sonechkin, D.M., Holmgren, K., Datsenko, N.M., Wibjörn, K. (2005). Highly variable Northern
hemisphere temperatures reconstructed from low- and high-resolution proxy data. Nature, 433, 613-617.
Mobley, K.B., & Gleason, D.F. (2003). The effect of light and heterotrophy on carotenoid concentrations in the
Caribbean anemone Aiptasia pallida (Verrill). Marine Biology, 143, 629-637.
Miller, K.G., Kominz, M.A., Browning, J.V., Wright, J.D., Mountain, G.S., Katz, M.E., Sugarman, P.J., Cramer,
B.S., Christie-Blick, N., Pekar, S.F. (2005). The Phanerozoic record of global sea-level change. Science, 310,
1293-1298.
Nicol, W.L., & Reisman, H.M. (1976). Ecology of the boring sponge (Cliona celata) at Gardiner’s Island, New
York. Earth and Environmental Science, 17, 1-7.
Richardson, S. L. (2009). An overview of symbiont-bleaching in the epiphytic foraminiferan Sorites
dominicensis. In Proceedings of the Smithsonian Marine Science Symposium, ed. Michael A. Lang, Ian G.
Macintyre, and Klaus Rützler, pp. 429–436. Smithsonian Contributions to the Marine Sciences, No. 38.
Washington, D.C.: Smithsonian Institution Scholarly Press.Roff, G., Kvennefors, E.C.E., Ulstrup, K.E., Fine, M.,
Hoegh-Guldberg, O. (2008a). Coral disease physiology: the impact of Acroporid white syndrome on
Symbiodinium. Coral Reefs, 27, 373–377.
Roff, G., Ulstrup, K.E., Fine, M., Ralph, P.J., Hoegh-Guldberg, O. (2008b). Spatial heterogeneity of
photosynthetic activity within diseased corals from the Great Barrier Reef. Journal of Phycology, 44, 526-538.
Rützler, K. (1990). Associations between Caribbean sponges and photosynthetic organisms. In K. Rützler (Ed.),
New Perspectives in Sponge Biology., 3rd International Conference on the Biology of Sponges, (pp. 455 – 466).
Smithsonian Institution Press, Washington, D.C.
Rützler, K. (1995). Low-tide exposure of sponges in a Caribbean mangrove community. Marine Ecology, 16,
165-179.
Rützler, K. (2002). Family Clionaidae D’Orbigny, 1951. In N.A. Hooper, R.W. Soest, & R.W.M Van (Eds.),
Systema Porifera: a guide to the classification of sponges, I.New York: Kluwer Academic.
Sammarco, P.W., & Strychar, K.B. (2009). Effects of climate change on coral reefs: Adaptation/exaptation in
corals, evolution in zooxanthellae, and biogeography shifts. Environmental Bioindicators, 4,9-45.

Published by Canadian Center of Science and Education

9

www.ccsenet.org/ijb

International Journal of Biology

Vol. 2, No. 2; July 2010

Strychar, K.B., & Sammarco, P.W. (2009). Exaptation in corals to high seawater temperatures: Low
concentrations of apoptotic and necrotic cells in host coral tissue under bleaching conditions. Journal of
Experimental Marine Biology and Ecology, 369, 31–42.
Strychar, K.B, Coates, M., & Sammarco, P.W. (2004). Loss of Symbiodinium from bleached Australian
scleractinian corals (Acropora hyacinthus, Favites complanata and Porites solida). Marine and Freshwater
Research. 55, 135-144.
Suchanek, T.H., Carpenter, R.C., Witman, J.D., & Harvell, C.D. (1983). Sponges as important space competitors
in deep Caribbean coral reef communities. In M.L. Reaka (Ed.), The ecology of deep and shallow coral reefs.
Symposia series for undersea research, NOAA Undersea Research Program, (pp. 55 – 60). Rockville, MD.
Tanaka, A, & Tsuji, H. (1981). Changes in chlorophyll a and b content in dark-incubated cotyledons excised
from illuminated seedlings. Plant Physiology, 68, 567-570.
Tunnell Jr. J.W., & Judd F.W. (2002). The Laguna Madre of Texas and Tamaulipas. Texas Agricultural and
Mechanical University Press, College Station, TX. pp. 346.
United Nations Environment Programme (UNEP). (2008). Migratory species and climate change: Impacts of a
changing environment on wild animals. Bonn (Germany): UNEP / CMS Secretariat. pp 68.
Uriz, M.J., Rosell, D., & Maldonado, M. (1992). Parasitism, commensalisms or mutualism? The case of
Scyphozoa (Coronatae) or horny sponges. Marine Ecology Progress Series, 81, 247-255.
Vacelet, J. (1981). Algal-sponge symbioses in the coral reefs of New Caledonia: A morphological study. In E.D.
Gomez, C.E. Birkland, R.W. Cuddenmeier, R.W. Johannes, J.S. Marsh Jr., & R.T. Tsuda (Eds.), The Reef and
Man, Proceedings of the 4th International Coral Reef Symposium, (pp. 713 – 719). Philippines.
van der Veen, C.J. (2001). Polar ice sheets and global sea level: how well can we predict the future? Global
Planet Change, 32,165–194.
Vicente, V.P. (1978). An ecological evaluation of the West Indian demosponge Anthosigmella varians
(Hadromerida: Spirastrellidae). Bulletin of Marine Science, 28, 771-777.
Vicente, V.P. (1990a). Overgrowth activity by the encrusting sponge Chondrilla nucula on a coral reef in Puerto
Rico. In K. Rützler (Ed.), New perspectives in sponge biology. (pp. 436-442). Smithsonian Institution Press,
Washington, DC.
Vicente, V.P. (1990b). Response of sponges with autotrophic endosymbionts during the coral-bleaching episode
in Puerto Rico. Coral Reefs., 8, 199-202.
Vincent, W.F., Gibson, J.A.E., & Jeffries, M.O. (2001). Ice-shelf collapse, climate change, and habitat loss in the
Canadian high arctic. Polar Records, 37, 133-142.
Whitten, H.L., Rosene, H.F., & Hedgpeth, J.W. (1950). The invertebrate fauna of Texas coast jetties: a
preliminary survey. Publications of the Institute of Marine Science, 1, 53-87.
Wilkinson, C.R. (1992). Symbiotic interactions between marine sponges and algae. In W. Reisser (Ed.). Algae
and Symbioses: Plants, Animals, Fungi and Viruses, Interactions Explored, (pp. 112-151). Biopress Ltd., Bristol.

10

ISSN 1916-9671

E-ISSN 1916-968X

www.ccsenet.org/ijb

International Journal of Biology

Vol. 2, No. 2; July 2010

Table 1. Spectrophotometric (UV/VIS) settings used to analyze sponge core samples (Cliona celata)
experimentally tested at varying temperature (18ºC, 25ºC, 31ºC, and 33ºC) and practical salinity (22, 32, 42)
treatments. Advanced measurements were at three wavelength readings of 375, 400, and 450 nm. Scan readings
were performed at a range of wavelengths between 350-650 nm
Activity

Advanced Reads (multiple)

Scan

375, 400, and 450

350-650

Ave. time (sec.)

1.000

0.100

SBW (nm.)

2.000

2.000

Replicates

3

n/a

Beam mode

Double Autoselect

n/a

normal

n/a

Data Interval

n/a

1.000

Scan Rate (nm/min.)

n/a

600.000

Correction

n/a

Baseline correction

Wavelengths (nm.)

Beam interchange

Table 2. Gradient elution protocol for High Performance Liquid Chromatography (HPLC) analyses. Acetonitrile
and water solvents are written in percent (%). Water with 0.1% TFA (Triflouracetic acid) at 100% began the
elution for 7 min; acetonitrile was pumped into the HPLC system thereafter and measurements made at 7, 8, and
15 min
Time

Flow

(min)

(ml/min)

Acetonitrile

Water with
0.1% TFA

1.00

0.00

100.00

7.00

1.00

7.00

93.00

8.00

1.00

100.00

0.00

15.00

1.00

100.00

0.00

Table 3. Statistical sphericity results of the sponge Cliona celata exposed to temperature treatments. The loss of
pigment by the sponge was measured for each wavelength (λ) (e.g. 450, 400, 375 nm) and compared between
control (18ºC) and experimental (25ºC, 31ºCº, and 33ºC) temperature treatments
Wavelength

Assumed

(λ)

sphericity

Sphericity

Mean square

F statistic

degrees of

95%

freedom (df)

Significance
(p=0.05)

375

9.000

1.000

0.004

0.834

9

0.586

400

9.000

1.000

0.002

0.766

9

0.648

450

9.000

1.000

0.003

1.503

9

0.157
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Table 4. Wilks’ Lambda multivariate analysis of control (18ºC) and experimental (25ºC, 31ºC, and 33ºC)
temperature treatments on the sponge (Cliona celata). Significance values using 95% confidence interval (α =
0.05) with wavelengths of 375, 400, and 450 nm
Hypothesis degrees of

Error degrees of

95% Significance

Wavelength (λ)

Value

F statistic

freedom (df)

freedom (df)

(p=0.05)

5

0.141

2.027

9.000

3.000

0.304

400

0.291

0.541

9.000

2.000

0.787

450

0.258

0.960

9.000

3.000

0.580

Table 5. Sphericity results of the sponge Cliona celata exposed to different salinity treatments. Each wavelength
(λ) (e.g. 375, 400, 450 nm) was compared between practical salinities of 22, 32, and 42. Statistical parameters
include: df = degrees of freedom and F, the factorial statistic

Mean

degrees of

95%

freedom

Significance

Wavelength

Assumed

(λ)

sphericity

Sphericity

square

F statistic

(df)

(p=0.05)

375

6.000

1.000

0.023

1.956

6.000

0.078

400

6.000

0.845

0.010

1.466

5.069

0.207

450

6.000

0.403

0.019

1.215

2.419

0.311

Table 6. Wilks’ Lambda multivariate tests on pigment release by Cliona celata at practical salinities at 22, 32,
and 42. 95% confidence intervals at wavelengths of 450, 400, and 375 nm; statistical parameters include: df =
degrees of freedom and F, the factorial statistic
Error
Wavelength

12

Hypothesis

degrees of

95%

degress of

freedom

Significance

(λ)

Value

F statistic

freedom (df)

(df)

(p)

375

0.501

2.159

6.000

13.000

0.115

400

0.625

1.398

6.000

14.000

0.283

450

0.690

1.319

6.000

14.000

0.312
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Figure 1. Location of sampling sites on the south jetty, Port Aransas, Nueces County, Texas, USA. Samples of
the boring sponge, Cliona celata, were collected randomly between asterisks in the figure

Figure 2. Experimental set-up used for testing temperature and practical salinity treatments on sponges, Cliona
celata. Water flow is indicated by white arrows. Other equipment include: SF – sand filter, A – aeration for
storage tanks, ST – storage tanks, MF – micron filters, PP –peristaltic pumps, WJ – water jackets, and NT –
Nalgene© Tubing, SP – stir plate
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Figure 3. Experimental set-up. (A) Outer water jacket (WJ) with inner plastic incubation container (IC), was
used to house sponge samples, Cliona celata, for temperature and practical salinity treatments. A heater was also
used. The set-up includes: Tubing 1 – Nalgene© Tubing (NT) coming from the peristaltic pump, Tubing 2 –
allows water to exit the IC, and Tubing 3 – encircles the IC to allow water to acclimate prior to coming into the
IC unit. (B) Inside the IC, a magnetic stir bar was placed beneath a 0.5 cm plastic platform
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Figure 4. Absorbance values for pigments extracted from Cliona celata sampled every 6 h for 60 h. (A) =
absorbances at 375 nm; (B) = absorbances at 400 nm; (C) = absorbances at 450 nm. Temperature treatments
include control (—) 18ºC, (----) 25ºC, (▬ ▬) 31ºC, and (▬▬) 33ºC. Error bars represent 95% confidence
intervals.
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