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Why sponge ecology?

Abstract

It is almost dogmatic that sponges are one of the most relevant groups in ben-
thic marine communities, a statement generally based upon their diversity and
abundance in natural communities. But beyond their conspicuousness, do we
really know the role that sponges play in nature? Using a series of productivity
indicators, this review evaluates the relevance of sponge research to the general
scientific community, particularly the contribution of sponge ecology to the
broader science of ecology. The relevance of sponge research ranked second
out of eight taxonomic groups. Ecology accounted for most of the sponge
research output but it ranked poorly compared to the relative importance of
the ecological literature in the remaining taxonomic groups. Sponge ecology
focused primarily on the species level of organization even though the rele-
vance of these studies fell well below expected. This review suggests that the
ecological relevance of sponges is insufficiently supported by ecological data
and would benefit from better scientific support. Sponge ecology has the
opportunity to contribute to the broader science of ecology in numerous topics
where sponge research may be particularly relevant. Broader ecological contri-
butions will help verify the ecological relevance that the great diversity and
abundance of sponges suggest.

Sponges are highly diverse and abundant in many sys-
tems, contribute to community organization and func-

Bearing pores. A simple description to define an appar-
ently simple but fascinating group of organisms: sponges.
The Phylum Porifera (from Latin porus ‘pore’ and fero ‘to
bear’) includes the simplest and most primitive metazo-
ans (Schutze et al. 1999), lacking most of what we com-
monly associate with the animal kingdom. The pores on
the surface lead to a framework of canals and chambers
of varying complexity that forms the aquiferous system,
which distributes water throughout the sponge body to
accomplish basic physiological functions (Bergquist 1978).
Dating from the Precambrian era (Finks 1970; Li et al
1998), sponges have evolved into a diverse and abundant
group in aquatic environments worldwide, particularly in
marine habitats (Sara & Vacelet 1973; McClintock et al.
2005). It is generally accepted that sponges are an ecologi-
cally relevant group in marine benthic communities.

tioning through a variety of biotic interactions, and play
a role in ecosystem processes such as primary production,
nutrient cycling or bioerosion (Sara & Vacelet 1973;
Becerro et al. 1997; Diaz & Riitzler 2001; Riitzler 2004;
Waulff 2006a). Also, sponges are sessile organisms and rely
primarily on their larvae for dispersion (Maldonado &
Uriz 1999; Maldonado 2006). This brings to the ecologi-
cal scene an array of colonization, habitat, biogeographic,
and evolutionary approaches that are further enhanced by
the development of molecular tools (Duran et al. 2004a,b;
Duran & Riitzler 2006; Calderon et al. 2007). Although
this brief list is far from being exhaustive, the areas of
sponge research with ecological implications loom large.
We, as researchers with a strong appreciation for
sponges, may be biased about the role of sponges in
nature. Not only that. We may also be biased about the
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output of sponge research, which seems to draw little
attention from those with interests other than sponges.
For example, the Canadian Journal of Zoology publishes
a series of virtual symposia on the biology of neglected
groups. One of this series covered the Phylum Porifera in
2006 (Saleuddin & Fenton 2006). The concept of sponges
as a neglected group i) contrasts with the apparent abun-
dance of literature on sponges and ii) casts doubt on the
rigor of some general assumptions, such as the important
role of sponges in natural systems. What do we really
know about the role of sponges in the organization and
functioning of benthic communities? Is sponge research
in good health? Can we evaluate the impact of sponge
research? Is sponge ecology contributing to general eco-
logical theory or mainly restricted to studies of local habi-
tats? Are there any emerging areas? A comprehensive
trend analysis of sponge research showed emerging topics,
including a steady increase in the number of publications
on sponge ecology since the 1970s (Sara 2004). There is
no further analysis on this trend or a more recent review
on sponge ecology, but giving the increasing number and
diversity of ecological studies on sponges, an analysis of
the available literature seems timely.

This study quantifies and analyses the trends in sponge
research to identify areas of relevant activity, to quantify
their impact on the scientific community, and to evaluate
the contribution of sponge research to ecology. It is by
no means an exhaustive review on the multiple disciplines
enclosed by ecology nor does it aspire to be. Readers are
referred to the numerous reviews published in the last
2 years for more exhaustive compilations on particular
areas of sponge research such as disease (Webster 2007),
microbiology (Taylor et al. 2007b), ecological interactions
(Wulff 2006a), larval ecology (Maldonado 2006), paleon-
tology (Pisera 2006), systematics, phylogeny, and evolu-
tion (Boury-Esnault 2006; Manuel 2006; Reiswig 2006),
or cellular biology, embryogenesis and mineralization
(Uriz et al. 2003; Leys & Ereskovsky 2006; Pomponi 2006;
Uriz 2006; Wiens & Miiller 2006). Other reviews that also
include information on sponges are cited below.

Reference Sampling and Analysis

Quantifying research trends is far from an easy task.
Reviewing all ecological literature on sponges is a real
challenge. Fortunately, the introduction of the citation
index database facilitates monitoring literature and gener-
ating statistical reports, especially since it has become
accessible through the worldwide web (Garfield 1964,
1970). The Thompson ISI web of knowledge (Institute for
Scientific Information®, http://isiwebofknowledge.com)
compiles the Science Citation Index® and other quantita-
tive tools of interest for researchers. The Science Citation
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Index Expanded database covers research publications
from 1945 up to the present and allows for detailed anal-
ysis of research publications as a function of year, subject
categories, and other variables. I used this database as a
source to evaluate research on sponges.

Does research on sponges differ from research on other
taxonomic groups? To answer this question I selected
eight groups of plant and animals with a similar number
of known species and compared their major research
areas and overall impact in the scientific community.
I searched (1945-2006 timespan) for the Latin name of
each taxonomic group to avoid selecting unwanted publi-
cations as a result of multiple accepted common names.
The terms (with approximate number of known species
within brackets) are Porifera (7000), Anthozoa (6000),
Echinodermata (6000), Bryozoa (4000), Opisthobranchia
(5000), Rhodophyta (5000), Odonata (5000), and
Euphorbiaceae (6000). This list includes common sessile
and vagile benthic groups as well as terrestrial plant and
animal outgroups for further comparison. I used the total
number of publications, total number of citations, average
number of citations per publication, and the H index to
compare groups and categories within groups. The total
number of publications is a measure of productivity but
provides no information on the relevance of the publica-
tions. The total number of citations evaluates the impact
of the published work, but may be inflated by a single or
a few articles with an unusually high number of citations
that do not represent the impact of the remaining
research. The number of citations per paper allows com-
parison of areas that have been researched over a varying
number of years (e.g. scientists of different ages) but it is
biased by productivity. The H index is the number of
publications with citations equal or greater than H
(Hirsch 2005). Quoting Hirsch, ‘A scientist has index h if h
of his or her N, papers have at least & citations each and
the other (N, — h) papers have <h citations.” The H index is
an unbiased indicator of the relevance of research outputs
and it is therefore very appropriate to compare quantita-
tively the relevance of multiple areas of research (Hirsch
2005). The overall scientific impact of two research areas
with similar H indexes is similar (even if they differ in total
number of publications or citations), while higher H values
denote greater relevance (Hirsch 2005).

The Science Citation Index Expanded database at
Thompson ISI® provides results as a function of Subject
Categories, which allows quantitative evaluation of the
research output of such categories. The number of cate-
gories is large. Although labels are very intuitive and
self-explanatory, readers are encouraged to look at the
webpage (Subject Category Scope Notes, Journal of Cita-
tions Reports®) for detailed information on what is
covered by each category. The total number of subject
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categories for the eight taxonomic groups used in this
study was 92. I pooled subject categories for 13 topics,
which include one or more subject categories. Some sub-
ject categories were very minor and were not considered
in the analysis. Rather than the actual number of publica-
tions for each subject category, I used percentage to allow
for better comparisons between taxonomic groups and
topics. Subject categories are non-exclusive, so any single
publication may be included in multiple subject catego-
ries. Accordingly, if we add up the number of publica-
tions (or percentages) in each category we obtain a
number larger than the true number of publications (i.e.
percentages larger than 100%). The total percentage for
every taxonomic group after adding up all percentages in
each subject category varied between 130% and 180%.
The 13 topics are: paleontology, behavior, biology (subject
areas: biology and reproductive biology), morphology
(anatomy and morphology, cell biology, developmental
biology, microscopy), molecular biology (biochemistry
and molecular biology, genetics and heredity), physiology,
ecology (agronomy, ecology, entomology, limnology,
marine and freshwater biology, oceanography), diversity
(biodiversity  conservation, environmental  sciences),
microbiology (biotechnology and applied microbiology,
microbiology), taxonomic specialty (zoology, plant sci-
ence), chemistry (analytical, applied, medicinal, multidis-
ciplinary, organic, inorganic and nuclear, pharmacology
and pharmacy, toxicology), multidisciplinary, and evolu-
tion. The total percentage for every taxonomic group
after adding up all percentages in each topic varied
between 120% and 170%, so the information lost by the
significant reduction from categories to topics appears
negligible.

Many ecological publications use the common ‘sponge’
name rather than the more formal Porifera. For a detailed
evaluation of the ecological aspects of sponge research I
therefore searched for (sponge OR porifera) AND ecolog*.
The use of the wildcard allowed searching word variants
such as ‘ecology, ecological, or ecologically’. This combi-
nation specifically targeted publications related to sponge
ecology, since a simple consideration of any ‘ecological
implication’ in the title, abstract, or keywords resulted in
the selection of the publication. However, this type of
search strategy is bound to leave out relevant publica-
tions. For example, the paper by Mariani et al. (2006)
investigates the dispersal strategies of several sponge spe-
cies, nicely integrating life history, water dynamics, and
community organization. The paper has been published
in Oecologia and has clear ecological implications. Yet,
the title, keywords, and abstract do not include the word
‘ecology’ (or any variant) so it was not selected by my
search and it is not included in my analysis. The articles I
analyse in this review are exclusively those selected by my
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search strategy. The criteria used for my search strategy
are simple, easy to reproduce, and equal for all fields or
taxonomic groups. This makes results comparable and
prevents bias due to my own research preferences or area
of expertise. The timespan used for this search was from
1945 to 2006 and I recorded the total number of publica-
tions, total number of citations, average number of cita-
tions per publication, and the H index.

Specificities of Sponge Research

Porifera ranked third after a quantitative evaluation of
the research output of the eight taxonomic groups con-
sidered in this comparison. Porifera ranked first for the
highest average number of citations for each publication,
second for the H index (tied with Echinodermata), and
fifth for total number of publications and citations
(Table 1). Only Rhodophyta (ranked first in total number
of publications, citations and H index, and ranked sixth
in average number of citations) and Echinodermata
(ranked second in total number of publications and cita-
tions, and ranked fourth in average number of citations
and H index) were ranked above Porifera in this general
quantitative ranking (Table 1). The high H index showed
by Porifera was particularly relevant because it was
attained with the lowest number of publications com-
pared to Echinodermata and Rhodophyta (two- and
threefold higher than the number of publications on Po-
rifera, respectively). Although not particularly abundant,
publications on Porifera seem to have a very strong
impact on the scientific community.

Within this comparison, Porifera research ranked first
in the morphology and evolution topics and it was top
second in the molecular biology and chemistry topics
(Table 2). At the opposite end, behavior and ecology
ranked sixth and seventh, respectively (Table 2). Averag-
ing rankings for all topics, Porifera was ranked second

Table 1. Total number of publications (n) total number of citations
(cites), average citations per publication (avg), and index H for each of
the taxonomic groups searched in the Science Citation Index
Expanded database from 1945 to 2006.

taxonomic group n cites avg H

(7) Rhodophyta 3778 34 632 9.17 53
(2) Echinodermata 2322 22 118 9.53 49
(3) Porifera 1188 13 851 11.66 49
(4) Odonata 1643 15 201 9.25 51
(5) Euphorbiaceae 1979 16 389 8.28 46
(6) Anthozoa 665 7306 10.99 38
(7) Opisthobranchia 717 7170 10 34
(8) Bryozoa 953 7271 7.63 36

Taxonomic groups sorted by descending rank.

Marine Ecology 29 (2008) 167-177 © 2008 The Author. Journal compilation ® 2008 Blackwell Publishing Ltd 169



Quantitative trends in sponge ecology

Becerro

Table 2. Percentage of publications (ranking for each topic shown within brackets in italics) for each of 13 topics and eight taxonomic groups
searched in the Science Citation Index Expanded database from 1945 to 2006.

topic

taxonomic group Paleo Behav  Biol Morpho MolBiol  Physio  Ecol Div Micro  Tax Chem Multi Evol

(7) Anthozoa 2(3) 024 12 3(7) 6(2) 135(3) 2.0() 532() 29(7) 32(3) 20.0() 47 50(1) 510
(2) Porifera 9(4) 0.1(6) 0(3) 16 7(1) 17. O (2) 07(5 466(7) 474 35(2) 247 752 324 7.7()
(3) Echinodermata 2(2) 0.1(5 11 2 2) 4 (3) 2(4) 19(3) 6454 6.1(3) 09(6) 24.0() 33(5 29(5 3.5(6)
(4) Odonata 1(5) 7.0(1) 4 3 (6) 0 (6) 3(6) 24(1) 648(3) 85(2) 05(7) 200(7) 1.0(8 402 494
(5) Euphorbiaceae 0(6) 0.2(3) (7) 6 (8 17 4 (1) 0.2(7) 188(8) 3.4(6) 1.7(4 502(3) 46.6(1) 2.7(6) 6.5()
(6) Opisthobranchia 6(8) 2.6(2) 6 1 4) 1(4) 0(7) 0.7(4 69.2(2) 35() 04(8) 5442 1.5(7) 08(8) 4.3(5
(7) Bryozoa 18 3(7) 0.0(8) 1(5) 3(5) 5(8) 03(6) 5246 11.4(1) 16(5) 1878 22(6) 3.7(3) 29(7)
(8) Rhodophyta 8(7) 0.1(7) 1 4 (8) 2(7) 5(5 0.1(8 787(1) 19(8 7.8(1) 61.5(1) 55(3) 1.6(7) 29(8)

See text for the Thompson ISI® subject areas included in each topic.

Paleo, paleontology; Behav, behavior; Biol, biology; Morpho, morphology; MolBiol, molecular biology; Physio, physiology; Ecol, ecology; Div, diver-
sity; Micro, microbiology; Tax, taxonomic specialty; Chem, chemistry; Multi, Multidisciplinary; Evol, evolution.

(Table 2). Pooling all groups, the most productive topics
were ecology, zoology and molecular biology, and the
least productive were physiology, behavior and microbiol-
ogy (Table 2). Looking exclusively at Porifera, ecology,
taxonomic specialty and molecular biology accounted for
most publications (46.6%, 24.7% and 17%, respectively).
Publications on behavior (0.1%), physiology (0.7%), and
multidisciplinary  (3.2%) were the least abundant
(Table 2).

Sponge Ecology to the Arena

A total of 353 publications met the sponge ecology
requirements of the search (see Reference sampling
above). Five papers were totally unrelated to the objective
of this study and were discarded. The remaining 348 arti-
cles totaled 4673 citations, which showed a dramatic trend
to increase over the years that cannot be matched by the
number of publications (Fig. 1). The number of publica-
tions showed a moderate increase in the early 1990s that
leveled out at about 10 publications per year, then dou-
bled in the late 1990s and early 2000s, and has tripled in
the last 4 years (Fig. 1). The H index of these publications
was 32. Of the 348 publications, 36 were reviews. These
reviews accounted for over 20% of the citations (1052)
and had an H index of 16. There was over a twofold
increase in the average number of citations for each review
compared with regular articles (29.2 versus 13.2).

The 348 publications were contributed by a total of
almost 800 authors, and only 133 researchers had multi-
ple contributions (two or more publications). The num-
ber of researchers with more than 10 contributions was
just six.

Publications on sponge ecology covered a great variety
of research areas. The 348 publications on sponge ecology
represented over 30 subject categories in the Thompson
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Fig. 1. Evolution of the number of publications (dot line) and cita-
tions (solid line) on sponge ecology found in the web of Science Cita-
tion Index Expanded database from 1945 to 2006. Search strategy:
(sponge OR porifera) AND ecolog*.

ISI® web of knowledge (Table 3). However, almost 50%
of the 348 records belonged to the Marine & Freshwater
Biology subject category (Table 3). Barely 27% of the
publications belonged to the Ecology category.

The 348 publications on sponge ecology were cited by
more than 3100 publications that represented over 90
subject categories. This large number of subject categories
indicates that sponge ecology is widely cited by research
areas outside the sponge ecology field and is a powerful
demonstration of the impact of sponge ecology on other
scientific disciplines. A goodness of fit (Sokal & Rohlf
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Table 3. Number of publications (n), percentage of the total 348
publications on sponge ecology (%), total number of citations (cites),
average citations per publication (avg), and index H for each subject
category.

subject category n % cites  avg H

marine & freshwater biology 157 451 2256 1437 23
ecology 95 273 1113 1294 20
oceanography 50 143 1049 2098 16
zoology 30 8.6 227 7.57 9
biochemistry & molecular biology 25 7.1 238 952 10
paleontology 25 7.1 187 7.48 8
environmental sciences 22 6.3 118 5.36 7
geology 17 49 141 829 6
pharmacology & pharmacy 15 4.3 311 20.73 10
evolutionary biology 13 3.7 118 9.08 7
chemistry, medicinal 12 3.4 200 16.67 9
geosciences, multidisciplinary 12 34 98 8.17 7
fisheries 1 3.1 51 464 4
multidisciplinary sciences 10 2.8 224 224 7
biodiversity & conservation 9 2.5 60 6.67 5
biotechnology & applied 9 2.5 135 15 5
microbiology

microbiology 9 25 330 36.67 9
plant sciences 9 2.5 166 18.44 7
biology 7 2.0 39 5.57 3
chemistry, applied 7 2.0 103 14.71 5
geography, physical 7 2.0 57 8.14 5
chemistry, organic 6 1.7 99 165 5
limnology 6 1.7 33 5.5 3
chemistry, multidisciplinary 5 1.4 50 10 5
genetics & heredity 4 1.1 38 9.5 2
toxicology 4 1.1 75 18.75 3
cell biology 3 0.8 59 19.67 2
microscopy 3 0.8 23 7.67 2
water resources 3 0.8 8 2.67 2
anatomy & morphology 2 0.5 62 31 2
engineering, environmental 2 0.5 1 0.5 1
behavioral sciences 1 0.2 1M 1" 1
developmental biology 1 0.2 12 12 1
physiology 1 0.2 5 5 1
veterinary sciences 1 0.2 0 0 0

1995) showed significant differences in the proportion of
publications in specific subject categories between the 348
published articles on sponge ecology and the publications
that cited them (G = 53.542, df =5, P < 0.001). The
proportion of articles on sponge ecology cited by the
Biotechnology and Applied Microbiology, Organic Chem-
istry, and Microbiology subject categories approximately
doubled the proportion of articles on sponge ecology
published in the same categories (Fig. 2). Contrastingly,
the proportion of articles published on sponge ecology
exceeded those cited in the Ecology, Marine and Freshwa-
ter Biology, and Paleontology subject categories (Fig. 2).
The Thompson Journal of Citation Reports® showed
112 journals belonging to the Ecology subject category.

Quantitative trends in sponge ecology

These journals were sorted by descending impact factor
and classified into two groups of 56 journals. The top
and bottom groups contained the high and low impact
factor journals, respectively. I used a goodness-of-fit test
to quantify whether the 95 articles published on sponge
ecology in this subject category deviated from what was
expected under the assumption of equal probability to
publish in any journal. The high impact factor ecological
journals published significantly more articles on sponge
ecology than the low impact factor journals (G = 48.571,
df = 1, P < 0.001, Fig. 3). However, the top 20 ecological
journals are deficient in sponge ecology, whereas journals
below rank 30 published more publications than expected
(Fig. 3). Also, only three of the articles published in the
top 20 ecological journals focused specifically on sponges
(Thacker et al. 1998) or their associated flora and fauna
(Palumbi 1985; Duffy 1996) and the remaining articles
were not intended to specifically provide information on
sponge ecology. Overall, the 348 articles were published
in 146 journals. Most journals had occasional publications
on sponge ecology and the top 5 and 10 journals account
for over 25 and 35 of all publications, respectively
(Table 4). Five of the top 10 journals focused on marine
biology, two on chemical ecology/natural products, and
one on aquatic biology, zoology, and paleontology
(Table 4).

Trends in Sponge Ecology versus Trends in
Ecology

Ecology is a vast science that includes numerous disci-
plines and approaches. In an attempt to understand why
sponge ecology fails to be included in top ecological
journals and to test whether or not sponge ecology devi-
ates from general ecological research, I searched for all
the articles with the wildcard ecolog* in the journal
Trends in Ecology and Evolution (TREE). Besides being a
journal particularly appropriate to analyse trends in
ecology, it is also the journal with highest impact factor
in the ecology subject category of the Science Citation
Index database. A total of 661 out of the 3345 TREE
articles (from 1986 to June 2007) met the criteria. I
quantified and ranked the keywords of these 661 articles
by abundance and used the most relevant keywords to
search in the Science Citation Index Expanded database
for the TREE and sponge ecology articles containing
each particular keyword. I then quantified the number
of papers and used goodness-of-fit to test for relative
differences between both groups (TREE versus Sponge
Ecology) (Sokal & Rohlf 1995).

A highly noticeable trend was the decrease in number
of sponge ecology and TREE articles with increasing levels
of ecological organization from species to ecosystem
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Fig. 2. Relative proportion (percentage) of
articles on sponge ecology published
(published/cited) or cited (cited/published)
within the Biotechnology and Applied
Microbiology (Biotechnology), Organic
Chemistry, Microbiology, Ecology, Marine and
Freshwater Biology, and Paleontology subject
categories found in the ISI® web of
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knowledge Science Citation Index Expanded
| database. The proportion of sponge ecology

articles published or cited in the remaining
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Biotechnology | the relative value did not deviate from 1. Bars
to the left show higher proportion of sponge
ecology papers published than cited, whereas
the opposite is true for categories with bars
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Fig. 3. Distribution of the 95 sponge ecology articles included in the
Ecology category in the Thompson ISI® web of knowledge as a func-
tion of the impact factor of the journals. The 112 journals are ranked
with descending impact factor (one highest impact factor) and
grouped in categories of 10 journals (12 in the bottom group).
Dashed line is the number of publications expected under the
assumption of equal probability of publishing the 95 sponge ecology
articles in any journal.

(G = 76.438, df = 3, P < 0.001, Fig. 4). Compared to the
TREE trend, sponge ecology doubled the proportion of
articles at the species level while halved the population
and ecosystem levels (Fig. 4). It is unclear whether these
differences are a consequence of a holistic versus reduc-
tionist approach to ecology, approaches which have tradi-
tionally confronted each other in the history of ecology
and continue to generate debate (Smith & Smith
2001; Schizas & Stamou 2007), but the autoecological
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Fig. 4. Percentage of publications with the criteria species, popula-
tion, community, and ecosystem in sponge ecology (sponge) and in
the journal Trends in Ecology and Evolution (TREE). Significant differ-
ences tested with goodness of fit. See text for details.

perspective noticeably dominated research on sponge
ecology. Beyond the actual number of publications, the H
index of this particular area of sponge ecology was well
below the number expected for such a large number of
publications, and clearly deviated from the trend found
with the remaining sponge ecology and TREE articles of
an increase in the H index with increasing number of
publications (R = 0.978, df = 6, P < 0.001, Fig. 5).

Compared with the ecological articles in TREE, sponge
ecology had a lower proportion of articles dealing with
conservation, dispersal, dynamics, evolutionary ecology,
extinction, life-history, physiology and resistance, and a
higher proportion of articles on growth, patterns and pre-
dation (G = 53.542, df = 7, P < 0.001, Fig. 6). The pro-
portion of articles containing the remaining keywords was
equivalent in both groups.

Is Sponge Research ‘Ecologically’ Relevant?
Reviews are essential tools to keep up with the continu-

ously expanding production and accumulation of informa-

H index

Quantitative trends in sponge ecology

TREE Sponge

Conservat®

Dispersal

Evolut:

Extinction

| —

Diversi*

Pattern

]
1]

I

200 0

Predat*

Growth

600 400 200

Fig. 6. Relative proportion (percentage) of articles of publications
with the criteria conservat*, dispersal, evolut*, extinction, diversi*,
pattern, predat*, and growth in sponge ecology (sponge) and in the
journal Trends in Ecology and Evolution (TREE) found in the ISI® web
of knowledge Science Citation Index Expanded database. See text for
details. The proportion of articles with the remaining keywords was
approximately equivalent in sponge ecology and TREE, i.e. the relative
value did not deviate from 1. Bars to the left show a higher propor-
tion of papers in TREE than in sponge ecology containing the specific
keyword, whereas the opposite is true for categories with bars to the
right.

tion in any given research area. But beyond the critical
evaluation and synthesis of existing knowledge, reviews are
also necessary to identify areas that have been overlooked
and need further information, to detect new emerging
areas, or to ‘simply’ become aware of the evolution of

Fig. 5. Scatterplot with number and H index
of the publications with the criteria species
(spp), population (pop), community (com),
and ecosystem (eco) in sponge ecology

(sponge) and in the journal Trends in Ecology
and Evolution (TREE). Note the low H index
for the large number of papers on sponge

ecology at the species level, which was not
included in the regression analysis. Dashed
lines are 95% confidence intervals.
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established research areas. A quantitative analysis of
published information provides opportunities to improve
our research approach and to take full advantage of the
existing literature in the field. This study quantitatively
analysed the published information on sponges (Porifera)
gathered within the Science Citation Index Expanded data-
base. Although the overall impact of sponge research was
quite strong, sponge ecology in particular showed some
limitations and had a lower impact than other areas with a
similar number of publications. This quantitative analysis
highlights some overlooked research areas that could help
improve our understanding of sponge ecology and, as a
consequence, could have broader scientific implications.

Using multiple indicators of productivity, the research
output generated by the Phylum Porifera ranked among
the top eight taxonomic groups. These groups included
some of the most representative marine benthic groups as
well as terrestrial animal and plant groups for further ref-
erence. The impact of Porifera research, as evaluated by
the H index, was mostly relevant as sponge research is not
particularly productive. Although ecology accounted for
most publications within Porifera, sponges ranked near the
bottom of this particular field. The low number of publica-
tions in sponge ecology may be a consequence of the low
number of researchers truly devoted to sponge ecology.
Over 80% of the researchers contributed with a single pub-
lication compared with less than 1% who contributed
more than 10 publications. This discrepancy suggests that
sponge ecology is stimulating enough to draw the attention
of a large number of researchers but lacks the appeal to
make them establish a long-term commitment to this dis-
cipline. As sponges are considered an ecologically relevant
group in marine communities (Sara & Vacelet 1973;
McClintock et al. 2005), the relatively lower effort to
understand sponge ecology looks particularly worrisome
and suggests that research on sponge ecology has signifi-
cant room for quantitative and qualitative growth.

Overall, research on sponge ecology has a strong
impact on the scientific community as suggested by the
high number of subject categories that cited publications
on sponge ecology. Biotechnology and Applied Microbiol-
ogy, Organic Chemistry, and Microbiology categories
cited sponge ecology research profusely compared with
the proportion of sponge ecology articles published in
those same categories. This deviation between the number
of publications published and cited may suggest a great
demand for information on sponge microbial ecology that
these particular topics cannot meet. Although sponge
microbial ecology is rapidly expanding, there are many
areas where this field is still in its infancy (Taylor et al.
2007b). The prospects for increasing interest in the eco-
logical perspectives of microbial-host associations are
high but their biotechnological implications loom even
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larger and may fuel both fundamental and applied
research. For example, research on natural products
chemistry has led to the isolation of abundant secondary
metabolites from sponges (Blunt et al. 2007). Although
we know only a fraction of the ecological roles of these
compounds (Paul et al. 2006), sponge chemical ecology is
well positioned and has clearly profited from the natural
products field (and vice versa). Similarly, fundamental
and applied interests in microbiology will be mutually
beneficial and this review clearly shows that applied fields
extensively cite research on sponge ecology.

On the other side of the coin, sponge ecology had a
lower impact than expected in the Marine and Freshwater
Biology, Ecology, and Paleontology subject categories.
Somehow, research on sponge ecology remains relatively
unnoticed in areas where its contribution should be large.
This deficiency in citations of sponge ecology suggests
that the research carried out in sponge ecology deviates
from the demands of the broader audience within the
Ecology, Marine and Freshwater Biology, and Paleontol-
ogy categories. Many sponge ecology publications are
aimed at the species level and their impact on the scien-
tific community was below what is expected for such a
large number of publications. In contrast, publications on
sponge ecology at higher levels of ecological organization
fell within the expected range of impact and proved the
comparatively higher relevance of sponge ecology when
studies are broader in focus.

Further evidence suggests that sponge ecology adds lit-
tle to broader ecological issues of interest to the general
ecological audience. The 20 top ecological journals were
clearly deficient in sponge ecology, with just three articles
specifically aimed at sponge ecology. Sponge ecology
seems mostly to address benthic ecologists and marine
zoologists as the bulk of publications reached marine-ori-
ented journals. Most research was published in journals
positioned above the average impact factor for the Ecol-
ogy category, which can be interpreted as a sign of qual-
ity. However, it may also suggest that sponge ecology
research falls outside the scope of the top ecological jour-
nals or fails to meet their standards. This study clearly
shows that sponge ecology is in need of research on con-
servation and dispersal, which are well represented in the
journal Trends in Ecology and Evolution. The increasing
global awareness for conservation issues offers new chal-
lenges to marine ecology. Sponge ecology has overlooked
this global environmental concern despite massive sponge
mortalities worldwide (Gaino et al 1992; Gammill &
Fenner 2005; Wulff 2006b). This field may become more
relevant as we gain an understanding of the local and glo-
bal causes of sponge decline and their consequences at
the community and ecosystem levels. Also, dispersal
capacity is a critical trait to consider in conservation as it
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directly relates to habitat connectivity and gene flow.
Despite the literature available on larval ecology, the con-
sequences of larval dispersal on the structure and dynam-
ics of sponge populations remain largely uninvestigated
(Maldonado 2006); moreover, larval ecology is a field
with important theoretical and applied implications.

As stated earlier, sponges are traditionally considered an
important component of benthic communities and the
small contribution of sponge studies to broader ecological
issues is surprising. Sponges have a great potential to alter
coastal ecosystems. Because of their great abundance,
impressive filtering capacity, heterogeneous diet, and com-
plex bacterial associations, sponges could play a significant
role both in depleting organic matter from the water col-
umn and in providing nutrients to planktonic primary
producers (Diaz & Ward 1997; Jimenez & Ribes 2007).
The study of biogeochemical cycles and energy flows are
areas with strong ecological traditions where sponges could
contribute significantly, yet they have been overlooked
(Maldonado et al. 2005; de Goeij & van Duyl 2007).

Sponges can also play a major role in the organization
and functioning of benthic communities. Their outstand-
ing plasticity is matched by the production of secondary
metabolites that confer many benefits on sponges in their
biotic interactions (Paul & Puglisi 2004). As interactions
are at the soul of ecology, sponges provide great opportu-
nities to advance fundamental ecological concepts such as
the role of biotic interactions in community organization.
An excellent review of the ecological interactions of mar-
ine sponges is available (Wulff 2006a). Predatory—prey
interactions in sponges have received considerable atten-
tion and may structure tropical and Antarctic communi-
ties (Pawlik 1998; McClintock et al. 2005), but not
temperate ones (Wulff 2006a). This may suggest that,
compared with other trophic interactions (e.g. herbivory),
sponge predation is not a reliable source of community
organization. Data on competition for space in sponges is
far less abundant, yet competitive aspects mediated by
multiple factors seem to alter community organization
regardless of latitude (Dayton 1979; Turon et al. 1996;
Thacker et al. 1998; Wulff 2005). Sponges also show
many mutualistic relationships and the role of positive
associations in structuring communities is receiving
increasing attention (Cardinale et al. 2002; Bruno et al
2003). There are unique opportunities with sponges to
quantify the positive and negative interactions involved in
space acquisition and maintenance, an area that warrants
further research in marine benthic ecology.

Sponges are also well positioned for investigations of
the ecology and evolution of host—symbiont interactions.
Sponges contain complex microbial communities that we
are just beginning to understand (Grozdanov & Hentschel
2007). For example, cyanobacterial populations in
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sponges are restricted to 26 of the 72 demosponge fami-
lies (Diaz & Ward 1999) and may confer both benefits
and detriments on their hosts (Riitzler 1988; Unson et al.
1994; Becerro et al. 2003; Erwin & Thacker 2005; Thacker
2005). Although benefits must surpass detriments for a
putative symbiotic interaction to evolve, our understand-
ing of the contribution of microbial symbionts to host
ecology and evolution is in its infancy. Sponges are an
invaluable system to study host-symbiont interactions
and there is already progress in these directions (Taylor
et al. 2007a).

Overall, sponge research successfully combines long-
established lines of investigation with the implementation
of modern techniques and will continue to make signifi-
cant contributions to the advancement of science. This
review shows that sponge ecology is an area that can grow
to cover fundamental aspects of the science of ecology
and highlights some areas where the specific characteris-
tics of sponges make them particularly relevant. Moving
forward into the broader ecological arena will focus more
attention on sponges and bring them to the level of scien-
tific prominence that their ecological diversity and abun-
dance warrant and deserve.
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