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Demographics of the Caribbean brown tube sponge Agelas tubulata on
Conch Reef, Florida Keys, and a description of Agelas Wasting Syndrome
(AWS)
L.K. Deignan, J.R. Pawlik

Abstract
The brown tube sponge, Agelas tubulata (cf. conifera) is an abundant and long-lived sponge on
Caribbean reefs. Populations of A. tubulata were monitored inside 8 circular plots (16 m diameter) on
Conch Reef, Florida Keys, USA, from 2010-2015. Within each plot, we recorded and photographed
every individual of A. tubulata, and monitored for sponge recruitment and mortality. Over the 6-year
study period, the sponge population remained fairly stable, only showing an increase between 2010 and
2011, and recruitment and mortality were low. However, monitoring revealed the presence of a
previously undescribed pathogenic condition, Agelas Wasting Syndrome (AWS), which increased in the
sponge population from 7% in 2010 to 35% in 2015. AWS is characterized by sponge tissue necrosis
that results in an area of exposed spicule-imbedded organic fibers. Once this portion of the skeleton is
shed, a light brown scar is left behind that either slowly returns to normal coloration or continues to
erode in the same manner. Tissue loss from AWS was previously interpreted as evidence of predation by
fishes or turtles. AWS on A. tubulata appears to progress slowly, is usually localized on the sponge
surface, and some sponges appear to recover. This study highlights the importance of long-term
monitoring as a tool for understanding sponge ecology.
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Introduction
Sponges are important components of Caribbean coral reef ecosystems, where they can be the dominant
benthic organisms (Loh and Pawlik 2014). Particularly on reefs that have experienced extensive losses
in coral cover, sponges provide habitat complexity and structure (Duffy 1992; Henkel and Pawlik 2005;
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McMurray et al. 2008). Sponges serve as a food source for vertebrate predators on the reef, including
angelfish, parrotfish, and sea turtles (Meylan 1988; Dunlap and Pawlik 1996; Pawlik 2011), as well as
some invertebrates (Pawlik 1983; Birenheide et al. 1993; Wulff 1995; Pawlik and Deignan 2015).
Sponges may also play an important role in carbon and nutrient cycling on reefs (de Goeji et al. 2013;
McMurray et al. 2016; Pawlik et al. 2016), an environment that is generally considered to be nutrient
poor. However, the pumping activity of sponges may also increase exposure of the sponge to
environmental pathogens (Hill 2004; Maldonado et al. 2010). Because sponges have historically been
understudied, many aspects of their biology and ecology remain unknown (Diaz and Rutzler 2001).
Long-term monitoring of sessile organisms is an important tool in benthic ecology. Here we report
the results of a 6-year demographic study of the Caribbean brown tube sponge Agelas tubulata (cf. A.
conifera) from Conch Reef in the Florida Keys, USA. This monitoring program was conducted using the
same methods as for the Caribbean barrel sponge Xestospongia muta from the same location (McMurray
et al. 2010, 2015). Agelas tubulata is abundant on Caribbean reefs (Loh and Pawlik 2014) and is
generally considered to be a slow-growing sponge, because of its investment in the production of
brominated pyrrole alkaloids for chemical defense from predatory fishes (Pawlik et al. 1995, Assmann et
al. 2000, Loh and Pawlik 2014). While A. tubulata is thought to be a long-lived sponge on Caribbean
reefs, no previous demographic studies of this species have been conducted.
While monitoring the brown tube sponge, we observed individuals affected by a syndrome we are
calling Agelas Wasting Syndrome (AWS). Prior to this monitoring, the tissue loss observed for this
species was thought to result from predation; however, consecutive annual photographs and careful field
observations provided strong evidence for reporting these lesions as a new sponge syndrome. To date,
there have been four previously named diseases associated with Caribbean reef sponges, and AWS is the
fifth (Table 1).

Methods
Eight 16m-diameter circular plots were established on Conch Reef (24o56’59”N; 80o27’13”W) off Key
Largo, Florida, to monitor mortality, recruitment, and growth of sponges, including A. tubulata. Three
plots were located at each depth of 15m and 20m, and two plots were located at 30m. Monitoring took
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Table 1 Named sponge diseases reported for Caribbean sponges.
Disease Name
Mangrove sponge disease (MSD)
Aplysina red band syndrome
(ARBS)
Sponge orange band (SOB)
Sponge white patch (SWP)
Agelas wasting syndrome (AWS)

Species affected
Geodia papyracea
Aplysina cauliformis

Reference
Rützler (1988)
Olson et al. (2006)

Xestospongia muta
Amphimedon compressa
Agelas tubulata

Cowart et al. (2006)
Angermeier et al. (2012)
Described here

place annually from 2010-2015 over a 2-week period, with the exception of 2012. Due to time
limitations in the field, no 30m plots were monitored in 2013. Within each plot, every individual of A.
tubulata was identified with a distinct alphanumeric tag, and a digital photograph was taken of each
sponge with a scale bar from above and in profile, with extra photographs taken as needed to ensure that
every sponge tube could be seen in the photographs. A repeated measures ANOVA was used to assess
differences in population density among years and post hoc tests of pairwise comparisons were used to
determine the years with any significant change in density. The assumption of sphericity was tested with
Mauchly’s test. Year 2013 was omitted from this analysis, because no plots at 30m were monitored that
year.
The volume of sponges were calculated using detailed field measurements of 27 individuals of A.
tubulata from Conch Reef, as well as an additional 12 individuals from reefs off of Carrie Bow Cay,
Belize. Each sponge tube was modeled as a cylinder with subtraction of a cylindrical spongocoel
(atrium) volume. A regression analysis between the log of the total tube length of the sponge and the
log of the sponge volume was performed (log Y = 1.304 log X + 0.951, R2 = 0.781). Using the
established relationship, the volume of each sponge from the monitoring photographs was calculated
using digital image analysis to measure the total tube length of each sponge (UTHSCA Image Tool).
Sponges were separated into size classes I-V based on the twentieth percentiles of the total size range
in which the sponges appear on the reef. Percentiles were calculated annually and averaged over the five
years. The size classes were defined as follows: size class I: 0-147 cm3; size class II: >147-370 cm3;
size class III: >370-730 cm3; size class IV: >730-1561 cm3; and size class V: >1561 cm3.
In addition to sponge volume, the digital photographs were used to characterize the progression of
AWS. For each photograph, the percentage of sponge tissue affected by AWS was characterized using
the following scale: 0 represented ≤1% affected tissue, 1 represented >1-5% affected tissue, 2
represented 6-25% affected tissue, 3 represented 26-50% affected tissue, and 4 represented 51-100%
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affected tissue. Percentage affected tissue was based on the total sponge volume of the unaffected
sponge (i.e. if 20% of the sponge tissue had been eroded at the site of a lesion, then 20% of the sponge
tissue was considered to have been affected). A repeated measures ANOVA was used to determine if the
prevalence of AWS significantly varied over the study period and post hoc tests of pairwise comparisons
were conducted to determine the years with any significant difference in disease prevalence. The
assumption of sphericity was tested with Mauchly’s test. Year 2013 was not used in this analysis,
because no plots at 30m were monitored that year.
The severity of the lesions was monitored through time, and each year the proportion of newly
affected sponges and the progression of the lesions (decreasing, increasing, or unchanged) was
calculated. The proportion of sponges that healed completely with no remaining tissue damage after
showing signs of AWS in the previous year was also calculated. Sponge death was attributed to AWS
only if the sponge displayed lesions in the previous year of its reported mortality; however, we
acknowledge that sponge death could be attributed to other factors. A sponge was considered dead if
there was no visible sponge tissue left on the reef. Finally, log-linear models were used to test for the
effect of depth, size class, and time on the occurrence of disease. Analyses were based on a four-way
contingency table with the response variable disease, D, and explanatory variables plot depth, P (15m,
20m, 30m), size class, S (I-V), and year, Y (2010, 2011, 2014, 2015).

Results
Density of the sponge Agelas tubulata in monitored plots on Conch Reef was lowest at 15m, and
highest at 30m (Table 2). Mean sponge density for all sites was not calculated for 2013 because data at
30m was not collected that year. Overall, there was a significant increase in sponge density over the
study period (F3,21 = 14.041, p < 0.001). Post hoc tests revealed that a significant increase only occurred
between 2010 and each subsequent year; there was no difference in density between years 2011-2015.
Annual recruitment and mortality were low (0.017 ± 0.015 m-2 and 0.006 ± 0.007 m-2 year-1,
respectively). Analysis of the annual digital photographs for sponges unaffected by AWS revealed the
sponge volume did not increase substantially each year, indicating a slow growth rate for this species.
However, estimates of sponge growth were affected by the number of sponges exhibiting tissue loss
from AWS, and the presence of the lesions precluded reasonable estimates of growth from which age
could be extrapolated.
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Table 2 Number of A. tubulata monitored annually at each depth (top) and mean (±SD) density m-2
(bottom) at each depth on Conch Reef
2010
2011
2013
2014
2015
Mean
73
80
80
84
85
15m
0.12 (0.06) 0.13 (0.06) 0.13 (0.06) 0.14 (0.06) 0.14 (0.06) 0.13 (0.05)
201
218
221
218
223
20m
0.33 (0.09) 0.36 (0.09) 0.37 (0.10) 0.36 (0.09) 0.37 (0.10) 0.36 (0.08)
150
166
177
174
30m
n/a
0.37 (0.06) 0.41 (0.07)
0.44 (0.05) 0.43 (0.03) 0.41 (0.05)
424
464
479
482
Conch Reef
n/a
0.26 (0.13) 0.29 (0.14)
0.30 (0.15) 0.30 (0.15)
AWS affected discrete portions of the sponge and did not result in short-term mortality. AWS
progressed as follows: first sponge tissue became discolored to a lighter shade of brown and sloughed
away, leaving behind the skeleton of spicule-imbedded organic fibers (Fig. 1a). The skeleton was then
shed, leaving a scarred area with a noticeably lighter color that could return to normal coloration with
tissue regrowth over time (Fig. 1b). However, lost tissue was not rapidly regenerated for this slowgrowing sponge.
The percentage of diseased sponges increased rapidly during the six-year period (Fig. 2; F3,18 = 32.163,
p < 0.001). Post hoc comparisons showed a significant increase in the proportion of diseased sponges
across all years, except 2014-2015. Log-linear models showed that AWS did not significantly differ
between sponges of different size classes or depths (Table 3). Consistent with the repeated measures
ANOVA results, the log-linear models also showed a significant effect of time on the occurrence of
AWS.
The number of new sponges with signs of AWS was highest in 2013, and 2014 had the highest
number of sponges with lesions becoming more severe than the previous year (Table 4). The proportion
of sponges with lesions that remained the same, particularly in 2015, was likely an overestimation, given
that sponges classified within the highest level of tissue affected (level 4, >50% of sponge tissue
affected) could experience lesions increasing in size but remain classified as level 4. Overall, the
majority of sponges with AWS did not recover within a year, and during the study period, 20 sponges
died that had been affected with AWS (Table 4).
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Fig. 1 Photographs of AWS affecting Agelas tubulata. a Patch of necrotic tissue (white arrow) and
skeleton after sloughing (black arrow)(sponge tube width ~5cm; Carrie Bow Cay, Belize) b Recent
(yellowish) and older patches affected by AWS (widest sponge tube ~ 10 cm; Conch Reef, Florida
Keys)
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Fig. 2 Annual percentage of diseased sponges at each depth for all plots. No monitoring was conducted
in 2012, and the 30 m site was not monitored in 2013
Table 3 Log-linear analysis of disease-frequency data for AWS on Agelas tubulata at Conch Reef.
Analyses were based on a four-way contingency table with the response variable, disease, D, and
explanatory variables, plot depth, P (15m, 20m, 30m), size class, S (I-V), and year, Y (2010, 2011, 2014,
2015).
Model
G2
df
P
Contrast Effect ∆G2
∆df
P
M1 = D, YSP
230.168 59 <0.001 M1 vs. M2
P
3.004
2
0.2227
M2 = DP, YSP

227.164

57

<0.001

M1 vs. M3

S

5.689

4

0.2236

M3 = DS, YSP

224.479

55

<0.001

M2 vs. M3

P×S

2.685

2

0.2612

M4 = TY, YSP

51.932

56

0.630

M1 vs. M4

Y

178.236

3

<0.001
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Table 4 Patterns of AWS on A. tubulata on Conch Reef, 2010-2015. The first row indicates the
percentage of the total population of A. tubulata with AWS. Subsequent rows indicate the yearly
percentage of sponges with AWS that were newly affected with lesions, that had lesions that decreased
in size, that increased in size, that remained unchanged, or that healed completely
2010

2011

2013

2014

2015

6.6

10.6

27.9

35.5

35.3

-

63.2
4.1
16.3
16.3
28.6

73.8
0
15.5
10.7
4.1

51.2
1.2
29.4
18.2
9.5

35.3
17.6
11.2
35.9
29.4

Percent of total population
with AWS
Newly Affected
Lesions decreased in size
Lesions increased in size
Lesions remained unchanged
Healed completely

Discussion
While the population of Agelas tubulata in monitored plots on Conch Reef remained fairly stable over
the study period, there was a rise in the occurrence and severity of AWS. For years prior to the analysis
of yearly sponge photographs, the scarring associated with AWS was thought to result from predation by
turtles or fishes, despite past demonstration that organic extracts of A. tubulata were chemically
defended from predatory fishes (Pawlik et al. 1995, Assmann et al. 2000, Loh and Pawlik 2014). The
progressive nature of the syndrome observed from the annual photographs and field observations
revealed that the syndrome is the result of a pathogenic condition and not predation as previously
thought. This conclusion would have been difficult to reach without the long-term photographic
monitoring of the species. While no standardized surveys were conducted there, AWS has also been
observed on A. tubulata on the reefs off Carrie Bow Cay, Belize (Fig. 1a).
Reports of sponges displaying disease signs worldwide have recently increased (Rützler 1988;
Cowart et al. 2006; Olson et al. 2006; Webster 2007; Maldonado et al. 2010; Angermeier et al. 2012;
Sweet et al. 2015), but it is unclear whether these reports indicate an increase in the incidence of
pathologies, or reflect a sampling bias because research on sponges has increased. The earliest sponge
diseases, dating as far back as the late 1800s, were reported primarily in relation to disruptions in
commercial sponge fisheries (Brice 1869; Galstoff et al. 1939; Smith 1941; Galstoff 1942). However,
by the mid-1980s, diseases of non-commercial sponge species were being described (Rützler 1988;
Wulff 2006a; Wulff 2006b). With the inclusion of AWS, there are now five named diseases associated
with Caribbean sponges (Table 1).
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AWS differs from the other syndromes previously described to affect Caribbean sponge species in
both appearance and virulence (Table 1). AWS cannot be characterized by the appearance of a color
spot or band on the leading edge of the lesion, unlike sponge white patch (SWP), Aplysina red band
syndrome (ARBS), and sponge orange band (SOB) (Cowart et al. 2006; Olson et al. 2006; Angermeier
et al. 2012). While AWS can progress and remain visible on a sponge for years without resulting in
mortality, SOB progresses rapidly and is often fatal (Cowart et al. 2006). SWP and ARBS both affect
sponges with relatively fast-growing, branching morphologies (Olson et al. 2006; Angermeier et al.
2012); the growth form of these species allows them to recover from tissue damage more rapidly than
the slow-growing A. tubulata. The only other described Caribbean sponge disease, mangrove sponge
disease (MSD), occurs from exponential growth of the symbiotic cyanobacteria found in the sponge
tissue of Geodia papyracea (Rützler 1988). Geodia papyracea has been described to isolate
overgrowing cyanobacteria into ‘pseudogemmules’ that are released once the cortex has begun to
disintegrate (Rützler 1988).
While the annual monitoring of sponge populations in plots on Conch Reef allowed us to assess the
long-term effects of AWS on A. tubulata over 6 years, the frequency of monitoring did not permit an
analysis of the short-term rate of spread of AWS. Most individuals had signs of AWS for more than one
year, but it is unclear whether AWS progresses linearly, or if lesions stop or get worse over shorter
periods of time. Histology and microbial studies of healthy and affected sponge individuals should be
conducted to better understand the cause, development, and transmission of AWS.
While studies of Caribbean sponge taxonomy and ecology have advanced rapidly, our understanding
of the source and spread of sponge diseases remain limited (Olson et al. 2006; Angermeier et al. 2011;
Easson et al. 2013). However, the first step in studying new sponge diseases is confirming that the
observed tissue damage is the result of disease, and not the result of predation or another abiotic factor.
For example, the yellow tube sponge Aplysina fistularis was thought to suffer from disease-related
lesions, but these were subsequently found to result from superficial grazing scars on the sponge surface
caused by sponge-eating molluscs (Pawlik and Deignan 2015). In this paper, we provide evidence for
the opposite situation for the brown tube sponge A. tubulata, in that tissue loss for this species was
thought to result from fish and turtle predation, but has now been shown to result from a disease-related
condition (AWS) based on careful monitoring of individual sponges over time.
Several pathogenic conditions have been described for Caribbean sponge species (Table 1), but there
is currently no confirmed etiological agent for any Caribbean sponge disease. Complicating matters,
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other biotic or abiotic stressors of sponges, including storm damage and predation, may be mistaken for
sponge disease. Therefore, any potential sponge diseases need to be studied carefully and on a speciesby-species basis, with particular attention paid to sponge ecology and temporal monitoring. In this case,
long-term monitoring of the Caribbean brown tube sponge resulted in the discovery of a new Caribbean
sponge syndrome, AWS.
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