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Abstract 

Intertidal sessile invertebrates experience tough competition for space which they avoid by releasing 

secondary metabolites (allelochemicals). We investigated the allelopathic interaction between 

sponge Cinachyrella cf. cavernosa and its neighbour zoanthids Zoanthus sansibaricus over a year on 

the rocky beach of Anjuna, (Goa) India. A major sterol (β-sitosterol) was isolated from the sponge 

and its natural variability was checked in tagged sponges with and without their competitor zoanthids 

during the reproductive and non-reproductive months of the sponges. The sponge showed significant 

variability in the production of β-sitosterol owing to its spatial competition and asexual reproduction 

(budding) as predicted by the multiple regression analysis. Zoanthids are known to have dynamic 

mutualistic association with their autotrophic endosymbionts’ dinoflagellate (Symbiodinium, known 

as zooxanthellae), which are directly involved in their physiology. The phytagelTM based field assay 

of sponge’s bioactive compound (β-sitosterol) was conducted to check its allelopathic impact onZ. 

sansibaricus and its symbiotic zooxanthellae (Symbiodinium sp.). Results showed significant 

bleaching (50% -80%) in the host Z. sansibaricus, resulting from a decrease in symbiotic 

zooxanthellae count, cell density, chl a and chl c content. This suggests the role of β-sitosterol as 

allelochemical of the sponge in preventing the overgrowth of aggressive Z. sansibaricus, possibly by 

affecting its symbionts. This investigation is not only important to understand the ecological roles of 

marine-derived allelochemicals, but also to allow sustainable bioprospecting of marine resources. 
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1. Introduction 

In space-limited regions such as coral reefs and rocky intertidal areas, diverse sessile marine 

organisms adopt a variety of strategies to acquire a suitable space. One of the strategies is the 

production of secondary metabolites (also called allelochemicals) to hinder the growth and 

reproduction of their aggressive neighbours. The term “allelopathy” stands for both positive and 

negative interactions between two species in which one species uses bioactive compound to either 

influence or prevent the growthanother species. However, it is mostly used to describe the 

detrimental effect of one plant species on the other(Reigosa and Pedrol 2002).Similar to the 

terrestrial plants, marine sessile organisms also produce these notorious compounds to maintain their 

substratum clean and avoid competition for resources from their neighbours (Pawlik et al. 2007; 

Rasher and Hay 2010; Steinberg and De Nys 2002).The spatial competition among sponges and 

corals have been extensively studied by various researchers (López-Victoria et al. 2006; Pawlik et al. 

2007; Porter and Targett 1988; Russell et al. 2003; Sullivan et al. 1983; Voogd et al. 2004).  

Sponges are important members ofbenthic community worldwide with various functional roles, such 

as (a) bioerosion and reef regeneration (b) benthic-pelagiccoupling and nutrient cycling and (c) role 

in primary and secondary production (Bell 2008).Sponges also exhibitvarious biological interactions 

with organisms, from microbes to vertebrates (Ávila et al. 2007; Webster and Taylor 2012), due to 

which any changes in their abundance and diversitycan significantly influence overall functioning of 

the ecosystem (Peterson et al. 2006).They have been reported as the dominant fauna in regions with a 

decline in coral abundance (Fujii et al. 2011)due to accelerated ocean acidification, climate 

changeand pollution (Aronson et al. 2002; Ward-Paige et al. 2005; Weil 2002).However, other 

cnidarians such as soft corals, corallimorpharians and zoanthids,which lack calcium carbonate 

skeleton have comparatively little effect of ocean acidification, climate change and pollution. These 

organisms can  grow aggressively and provide tough competition for space to their neighbours such 

as sponges(Suchanek and Green 1981). Recent work on few epizoic zoanthids associated with 

Caribbean sponges showed that there was a significant reduction in pumping rate of the sponges due 

to mechanical blockage of ostia(Lewis and Finelli 2015). Manyzoanthidssuch 

asPalythoacaribaeorum DUCHASSAING and MICHELOTTI, 1860andZoanthus sociatusELLIS, 

1768 have faster growth rates and can easily overgrow other sessile invertebrates(Pérez et al. 2005; 

Suchanek and Green 1981).Sponge and zoanthids are the two benthic invertebrates which are in 

tough competition for space.There are various examples to describe the detrimental impact of 

sponges on corals (who are like the cousins of zoanthids, belonging to same subphylum 



Anthozoa)(Engel and Pawlik 2000; Pawlik et al. 2007; Singh and Thakur 2016). Thus, research work 

conducted on corals can provide useful insights into the competitive behaviour of their related 

cousins, zoanthids. Surprisingly,the allelopathic interaction among sponges and zoanthids hasnot 

been explored in details. 

These allelochemicals have the potential to cause a direct influence on the physiology of interacting 

organisms as well as their symbionts(Pawlik et al. 2007).Thesezoanthids also harboursymbiotic 

dinoflagellates (zooxanthellae) belonging to the genusSymbiodinium(Reimer 1971b).Recently, this 

‘Symbiodinium –host relationship’ has been receiving a special focus due to the increase in the rate 

of bleaching of corals and in other cnidarians such as soft corals, corallimorpharians and 

zoanthids.The phenomenon of bleaching (where Symbiodinium is degraded and/or expelled from 

hosts, resulting in drastic whitening and/or death of hosts) has been observed worldwide.Bleaching 

can occur due to various reasons: abnormally high(Glynn 1996) or low ocean temperatures (Lirman 

et al. 2011), high levels of solar radiation (Lesser 1997), increased terrestrial runoff (Done et al. 

2007), changes in salinity (Goreau 1964; Reimer 1971a), pollution as well as other environmental 

stressors (Brown 1997).Interestingly, it was demonstrated through a field assay that the 

sponge’allelochemicals can affect health of zooxanthellae associated with few coral species by 

impairing photosynthesis, resulting in coral bleaching (Pawlik et al. 2007).  

The production of allelochemicals by organismsis a costly biochemical process. It occurs at 

the expense of other primary processes (such as growth and reproduction) since the total energy 

reservoirs of an organism are limited(Leong and Pawlik 2010; Thoms and Schupp 2007).Itis also 

influenced by various biological (growth, reproduction, natural enemies)and abiotic (e.g. 

temperature, nutrient availability) factors that determine the organism’s ability to defend its space 

from encroaching neighbours and potential invaders(De Caralt et al. 2013).In this context, we studied 

the spatial competition between the globular solitary sponge Cinachyrella cf. 

cavernosasensu BURTON, 1959(in part) {not: Cinachyrella cavernosaLAMARCK, 1813and it is 

likely to be a new species (JNA Hooper & KA Hall, pers. Comm.)and the encrusting 

zoanthidsZoanthus sansibaricusCARLGREN, 1900over a period of one year from October 2013 to 

September 2014.During our regular field trips to the rocky intertidal region of the study area 

(Anjuna, Goa), we observed that the globular sponge C. cf. cavernosaavoids being overgrown by 

zoanthids. As C. cf. cavernosa is a slow-growing, it is highly likely that this stand-off interactions 

between these two sessile marine organismsare driven by allelochemicals released by the sponges 

rather than their fast growth. The hypothesis behind this work was that in the presence of competitors 

such as fast-growingZ. sansibaricus, the sponge Cinachyrella cf. cavernosa should produce some 



allelochemical (probably the cytotoxic compound) to avoid the overgrowth.This paper aims to 

answer the following questions: 1)what is the impact of the presence of zoanthidson the production 

of allelochemical compound (for instance, beta-sitosterol, in this study) by the sponge?2) What are 

the effects of beta-sitosterol of sponge on zoanthids and its symbionts? 

2. Materials and methods 

2.1. Study site and organisms 

The field experiment was conducted on the rockyshore of Anjuna beach, Goa, West Coast of India 

(15° 34' 34.986"N; 73° 44' 23.895" E), from October 2013 to September 2014. The sponge 

Cinachyrella cf.cavernosa and the zoanthids, Zoanthus sansibaricus are among the most dominant 

fauna in the lower inter-tidal region of this shore.The environmental variablessuch as temperature, 

salinity, dissolved oxygen, pH of the rock pool water containing the tagged organisms were 

measured every month, using the multiparametric probe, Oakton PCD 650 (OAKTON Instruments, 

VernonHills, IL, USA). Nutrient analysis (phosphate, silicate, nitrate, nitrite and ammonia) of the 

rock pool water was carried out using a continuous flow analyser (San++, SKALAR, Holland). 

2.2. Experimental set up (Competitors’ removal experiment) 

To know the potential allelochemical involved in the spatial competition of the against its fast-

growing neighbourzoanthidscolonies, the similar method of competitions’ removal was adopted as 

described in our previous work (Singh and Thakur 2015b). In brief, two sets of experiments were 

carried out (a) non-manipulative experiment (consisting of tagged sponges with the competitor, 

n=36) and (b) manipulative experiment (sponges without the competitor, n=36). Briefly, quadrats of 

15 x 15 cm (n=36), each containing an adult sponge(mean diameter ~ 4 to 5 cm), surrounded by 

polyps of Z. sansibaricuswere marked with four stainless steel nails thenon-manipulative setup. 

Whereas, in the manipulative experiment, additionalquadrats (n = 36) were marked in a similar way 

and polyps of Z.sansibaricus which surrounded the sponges were carefully removed using a 

scalpel.C. cf. cavernosa reproduced asexually by budding which can be observed as the small 

outgrowths (spherical balls) on its surface (Singh and Thakur 2015a) These buds detached from 

mother sponges and settled down, giving rise to a new sponge . To understand the effect of 

competitors, Z. sansibaricus on the budding of the sponge, the budding frequency of the tagged 

sponges from these two experimental sets up was estimated. Briefly, the surface images of tagged 

sponges were captured using an underwater camera (Canon Power shot A650)using the photo-

quadrant method to capture images from the same angle and distance. The images of sponges buds 

were analysed in using Image-J as described previously to calculate monthly budding frequency (i.e. 



theproportion of total individuals with buds)(Singh and Thakur 2015b). The whole methodology for 

this research work has been described schematically (Figure 1). 

2.3. Isolation of the potent allelochemical (β -sitosterol) from sponge  

For isolation ofone of the potent allelochemicals, tissue sample was collected in the month of 

October 2013 from each of three tagged sponges, from two sets of experiments: 1) with and 2) 

without competitor. Each of the samples was immediately frozen in liquid nitrogen and lyophilized. 

15 g of lyophilized samples (n=6) was separately extracted with chloroform: methanol (CHCl3: 

MeOH, 1:1) three times at room temperature and concentrated under reduced pressure. The crude 

extract obtained fromtagged sponge with competition was then subjected to column chromatography 

over silica gel (100-200 mesh) using a gradient of hexane and ethyl acetate (from 100% hexane to 

100% Ethyl acetate) afforded three fractions (I−III) based on their analytical TLC data. Each fraction 

was subjected to bioactivity assay (cytotoxicity against Hela and PC-13 cell lines). The bioactive 

fraction was further subjected to column chromatography over silica gel and eluted with 5% ethyl 

acetate−hexanes.Mass spectra were obtained for the pure fraction on an Agilent 6540 (Q-TOF) high-

resolution mass spectrometer, in the electrospray (ESIMS) mode. 1H NMR spectra were recorded 

(Brucker Avance) DPX FT-NMR at 400 MHz and 13C NMR at 100 MHz in CDCl3, chemical shifts 

values are reported in δ (ppm) units and coupling constants values in hertz. Tetramethylsilane (TMS) 

was used as the internal standard.  

2.4. Impact of the zoanthids on the potent allelochemical (β-sitosterol) of the sponge  

To study the monthly variation in the concentration of β-sitosterol in sponges with and without 

competitor, High-performance thin-layer chromatography (HPTLC) method was adopted(Murthy 

and Mishra 2009). The pure β-sitosterol was purchased from Sigma-Aldrich (Cat. No. S1270-

10MG,≥95%, Canada), other solvents and chemicals of analytical grade were used. For the 

preparation of crude extract, every month about 15 g of the lyophilized powder of sponge tissue (n=3 

sponges×2 conditions) were extracted separately with (chloroform: methanol (CHCl3: MeOH, 1:1) (3 

×100 mL) using a sonicator (15 min each time). The combined extracts were filtered and 

concentrated on rotator vapour until complete dryness. A stock solution of β-sitosterol (100 μg mL-

1) was prepared by dissolving 1 mg of accurately weighed β-sitosterol in methanol and making up 

the volume of the solution to 10 mL with methanol (MeOH). TLC was performed on a pre-coated 

TLC plate silica gel 60F254 (20 cm × 20 cm), Merck-Millipore (Cat. No. 105553). Samples and 

standards were applied on the plate as 8 mm wide bands with an automatic TLC sampler (Linomat 

V,Camag, Muttenz, Switzerland) under a flow of N2 gas. The linear ascending development was 



carried out in a Camag twin trough chamber (20 cm × 20 cm) which was pre-saturated with 20 mL 

mobile phase toluene:chloroform:methanol (4:4:1 v/v). After the development; TLC plates were 

dried and post chromatographic derivatization was carried out in anisaldehyde–sulphuric acid. 

Quantitative evaluation of the plate was performed in absorption-reflection mode at 527 nm with a 

computerized TLC scanner-3 integrated with winCATS 4 software(Camag, Muttenz, Switzerland). 

Quantification of β-sitosterol in the crude extracts of the sponge was performed using pure β-

sitosterol as standard. Stock solution (100 μg mL-1) of the standard was prepared in methanol 

(MeOH) and different amounts (100–600 ng spot-1) were applied on a TLC plate, using Linomat V 

for preparing six-point calibration graph of peak area versus concentration. Peak areas were recorded 

and the amount of β-sitosterol was calculated using the calibration plot. The specificity of the method 

was determined by analysing the sample of standard β-sitosterol and the unknown sample (crude 

extract). The spot for β-sitosterol in the sample was confirmed by comparing the Retardation factor 

(Rf) and spectra of the spot with that of the standard. The method was validated for precision, 

accuracy and repeatability (ICH Guidelines 2005).  

2.5. Impact of potent allelochemical (β-sitosterol) of the spongeon the zoanthids and its 

symbionts 

2.5.1 On zoanthids: 

PhytagelTM -based field assay was used to find out the effect of sponge C. cavernosa’s metabolite (β- 

sitosterol) on the colonies of Z. sansibaricus(Chaves-Fonnegra et al. 2008; Pawlik et al. 2007). This 

method was the modified version of field antifouling assays (Henrikson and Pawlik 1995) in which 

potential allelopathic compounds were incorporated into stable gels (PhytagelTM) to allow the slow 

release metabolites i.e. 1– 2% per day (Engel and Pawlik 2000; Henrikson and Pawlik 1995). It has 

been used to find out the contact-based allelopathic effect of sponge’s metabolites on the corals by 

using zooxanthellae as proxy for coral health (Chaves-Fonnegra et al. 2008; Pawlik et al. 2007). For 

the gel-based allelopathic assays, the treatment gels (n= 5) were made by resuspending the potent 

allelochemical (in this study, β-sitosterol) in 1 mL methanol and finally adding the homogeneous 

solution to PhytagelTM (Sigma Aldrich, cat. no. P8169) at its mean natural concentration (i.e., 92 

ppm). Control gels (n=5) were created in the same manner, including the addition of methanol 

without β-sitosterol. The gel was poured onto the rectangular mould of size (5.5 × 2 × 1 cm3) having 

four holes at the corner to tie nylon threads for subsequent attachment onto the zoanthids. The gel 

was allowed to solidify at room temperature and refrigerated in sealed plastic bags for use within 24 

h. The gel in the mould containing the compound was placed upside down so gel gently rested 

against the top, flat area of the live polyps of Z. sansibaricus. The loose ends of nylon threads 



(connected to four corners of the mould) were tied to nails, located outside the marked boundary of 

photo-quadrat. The mount was fixed properly without excess pressure onto the zoanthids so as not 

only it prevents any free movement but also creates the least pressure on the zoanthids. This process 

was done for both control (n=5) and treatment gels (n=5) similarly.  The gels were left in place for 24 

hours, after which they were lifted, and the presence/absence of dead zoanthids was recorded using 

the colour card reading. As zoanthids under control gels also showed little bleaching due to the 

masking effect of the gel, the measurements were taken after 3 days to determine the allelopathic 

level of the compound (β-sitosterol) based on the recovery of zoanthids from bleaching under both 

conditions. This was determined by employing a colour card reading. Marked quadrats (n=10, 

treatment =5 and control =5) were photographed using a digital camera (Canon Power shot A650) 

fixed on a photo-quadrat stand. A laminated ‘coral watch –coral health chart’ was included in each 

shot for unbiased comparative analysis and to avoid possible error due to variable light levels or 

camera equipment (Siebeck et al. 2006). Images were scored from 1 (low-intensity colour) to 6 

(high-intensity colour) based on the gradation of the intensity of colour in the colour chart. To 

account for the subtle differences in shading for Z. sansibaricus colonies, an increment of 0.5 (for 

instance 1.0, 1.5, 2.0, 2.5 ... to 6.0) was added to the scale. Immediately after the photography, 

polyps of Z. sansibaricus from both treatment and control gels were carefully cut along with the 

attached substrate (i.e., rocks beneath the colonies) using a sharp scalpel and chisel. They were then 

placed individually in marked Nasco sampling bags (Himedia). The bags were then placed in a 10 L 

bucket filled with ambient seawater and immediately transferred to the laboratory for further 

analysis.  

2.5.2. Onsymbiotic zooxanthellae 

To find out the impact of sponges’ allelochemical (β-sitosterol) on the symbiotic zooxanthellae 

(Symbiodinium) ofZoanthus sansibaricus, thecollectedpolyps from treatment and control gels were 

processed to harvest zooxanthellae cells to study theirmorphological condition, cell densities and 

chlorophyll content. 

i) Zooxanthellaemorphological condition and cell density:Zooxanthellaecells were harvested from 

each of treated and control experimental sets. Briefly, the polyps of freshly collected 

zoanthids(n=5*2)were cut from the attached substratum using a sharp scalpel and were transferred to 

1ml of 0.22µ filtered sterile seawater in the vials. To release out the zooxanthellae cell, each 

collected polyp was macerated, homogenized using mortar and pestle and was filtered through a 

100µm mesh (to remove debris). The filtrate was washed with 0.22µm filtered sterile sea water by 

centrifuging at 10,000rpm to get a brown pellet. The pellet was re-suspended in 0.22µ filtered sterile 



seawater (SSW) and the zooxanthellae cells (n=120 per samples)were observed under 400X 

magnification using a hemocytometer and photographed to classify them as healthyand 

unhealthybased on their morphological conditions (i.e., intact or deformed cell membrane using PI 

staining).%NZ stands for no. of healthy zooxanthellae cells and it was calculated for treated and 

control experimental sets(Kuroki and Van Woesik 1999; Mise and Hidaka 2003; Reimer et al. 

2007).To calculate the zooxanthellaecell densities, additional tissue from the zoanthidpolyps 

(n=5*2)(each of approximately 1 cm3) were processed and visualized similarly.Zooxanthellaecell 

density was calculated as the total number of cells observed divided by the total volume observed.  

ii) Chlorophyll content of zoanthids: The pieces of zoanthidpolyps (approx. 1cm3) were macerated, 

homogenized for isolation of zooxanthellae cells. Samples were centrifuged (1,500 rpm, 3–5 min) to 

pellet zooxanthellae cells, which were then resuspended in 15 ml tubes containing seawater.  It was 

kept at -20°C overnight to break open the cells. This mixture was extracted by adding (90%) acetone. 

The resulting supernatant was diluted to 10ml using the same solventfor the spectrophotometric 

analysis. The absorbance was read at 750, 664, 647 and 630nm. The chl a and chl c content was then 

calculated using the trichromatic equations of (Jeffrey and Humphrey 1975). 

2.6. Data Analysis  

The monthly variation in the concentration of β-sitosterol was expressed as the % of total volume.In 

the phytagelTMbased field assay for allelopathy level determination of the sponge’s compounds on 

the zoanthids, the colour score of Z. sansibaricus from both treated and control experimental sets 

was represented as mean ± SD of the colour scores for each polyp in the colony.NZ%, cell density, 

chl a and chl c contentfrom both treated and control experimental sets were also represented as mean 

± SD. Data were then log transformed to meet the assumptions of normality and equal 

variance.Student’s ttests (for unpaired groups) wereused to find out if there weresignificant 

differences among each pair of the studiedvariables from both treated and control experimental sets. 

3. Results  

3.1Environmental variablesof the study site and its impact on sponge’s life history functions 

(allelochemical production and budding):The average values and range (expressed as minimum 

and maximum value) of environmental variables (such as temperature, salinity, DO, pH, nitrate, 

nitrite, ammonia, silicate and phosphate) of the rock pool containing tagged sponges is shown in 

Table 1.The budding cycle occurred from December to September with the maximum budding 

frequency in March.No budding occurred from October to November.The stepwise multiple 

regression analysis of abiotic (temperature, salinity, DO, pH, nitrate, nitrite, ammonia, silicate and 



phosphate) and biotic variables (budding, allelochemical production, zoanthids count) yields two 

significantly different models, in which forward selection of variables resulted in Model I, predicting 

the variability in production of β-sitosterol as a function of three predictive variables. On the other 

hand, backward elimination step yield Model II which included only two predictive variables 

(budding frequency and abundance of competitor) (Table 2). 

3.2 . Impact of the zoanthidson the potent allelochemical (β-sitosterol) of the sponge  

The two-phase solvent extraction gave approximately 400 mg of crude extract from the sponge with 

zoanthids. On silica column chromatography using solvent gradient, three fractions (I−III) were 

obtained based on their analytical TLC data. The bioactive fraction I (0.13 g) was a white amorphous 

solid and showed cytotoxicity against Hela and PC-13 cell lines. It was characterized as β-sitosterol 

(Fig. 2 A) based on the 1H and 13CNMR and mass spectral data, as these values well-matched with 

literature data (Goad and Akihisa 2012; Nes et al. 1992; Sadikun et al. 1996; Slomp and MacKellar 

1962; Smith 1978). The bioactive compound β-sitosterol was identified by NMR which showed 

monthly variation as depicted by HP-TLC.The concentration of β-sitosterol in the crude extract of 

the sponge showed a monthly variation with Cmax=169 to 172 ppm during October-November 2013. 

The lowest concentration was found during February-March, 2014 (Cmin = 23-64 ppm). In the 

sponges without zoanthids, the concentration of β-sitosterol was significantly reduced for all the 

monthsas depicted by Student's ttests (t = 4.490, p=0.00018).For the months (October-November 

2013), our data showed 70-72% reduction in β-sitosterol production in the sponges without zoanthids 

whereas for months (May –June 2014), there was only a 34-38% reduction in its production. The 

maximum decrease (88%) in the concentration of β-sitosterol in the sponges without zoanthids was 

estimated for February 2014 (Fig. 2B).  

3.2. Impact of allelochemical(β-sitosterol) of spongeon Zoanthids 

3.2.1. On zoanthids 

Colour scores ranged from 5.5 to 6.0 which is suggestive of healthy colonies of zoanthids and corals 

(Hibino et al. 2013; Nishiguchi et al. 2018; Siebeck et al. 2008; Siebeck et al. 2006).Zoanthidsunder-

treated gels showed a significant deleterious effect (such as complete bleaching and a few cases of 

necrosis) after 24 hrs days of contact). Colour scores were 3.5 times lower in treated colonies as 

compared to controls (Student’sttest: t= 9.53, P=0.000012, N=5).After 24 h and thereafter, however, 

there was a great deal of polyp recovery from bleaching in treated zoanthids on the removal of gels 

(polyp lethality at 48h,31.20 ± 9.28 and at 72 h,15.4± 5.50; Student’s ttest: t=11.60, p 

=0.001).Colour chart readings from zoanthid tissue under control gels were also compared with those 



taken from tissue immediately adjacent to control gels to monitor the masking impact of PhytagelTM 

against zoanthids tissue, and in no case was there a significant colour difference in the polyps under 

control gels as compared to the adjacent polyps. Zoanthids away from treated gels were always 

normal and healthy, which suggests that allelopathy could occur only through contact. 

3.2.2. On symbioticzooxanthellae  

(i) Zooxanthellaemorphological condition and cell density.Student’s ttestshowed significantly 

lower numbers of healthy zooxanthella and cell density under the treated conditions as compared to 

control conditions (NZ%, t = 15.96,p =0.00001 and cell density, t = 8.19, p =0.000037)(Fig.3). 

ii) Chlorophyll content ofzoanthids.Student’s ttestshowed a significantly lower chl a and chl c 

content of Z. sansibaricus under-treated conditions as compared to control conditions(chl a, t = 

15.15, p =0.00001and chl c, t = 5.01, p = 0.001)(Fig.3). 

Discussion 

Sponges release a variety of bioactive compounds to protect their occupied space in 

acrowded habitat. The biosynthesis of these bioactive compounds in sponges may vary between 

seasons (Duckworth and Battershill 2001; Green et al. 1990; Page et al. 2005; Swearingen III and 

Pawlik 1998; Turon et al. 1996a).Both abiotic (depth, salinity, pollutants, light, and temperature) and 

biotic (space competition, predation, fouling, and presence/absence of symbionts)variablescan 

influence the production of secondary metabolites in marine sessile organisms including sponges 

(Becerro et al. 2003; Hay 1996; Martí et al. 2004; Rohde et al. 2012; Wulff 2006). In some cases, the 

temporal variation in the production of the secondary metabolites was correlated with temperature 

(Abdo et al. 2007; Duckworth and Battershill 2001; Sacristán-Soriano et al. 2012; Swearingen III 

and Pawlik 1998). There is a close link between the production of secondary metabolites and the 

organisms’ life cycle (growth, reproduction) as well as its physiological state(Ferretti et al. 2009; 

Ivanisevic et al. 2011; Leong and Pawlik 2010; López-Legentil et al. 2006; López-Legentil et al. 

2007; Pawlik et al. 2008).  

 In this study, we isolated a cytotoxic compound (β-sitosterol) from the sponge which showed 

variability inits natural concentration, owing to seasonal changes in reproductive ability (in terms of 

budding frequency) of the sponge and abundance of its zoanthids (polyps count).However, it has 

always been very challenging to study the ecological role of the secondary metabolites in the field 

(Becerro 2008).Few studies have described the role of secondary metabolites of sponges in the 

spatial competition (Chaves-Fonnegra et al. 2008; De Caralt et al. 2013; Engel and Pawlik 2000; 

Turon et al. 1996b).The combinatorial approach of bioassay-guided fractionation and phytagelTM-



based allelopathic assay enabled us to establish β-sitosterol of the sponge as the potent 

allelochemical compound against the zoanthids.The present study, the elevated production of the 

cytotoxic sterol β-sitosterol (up to 17.2 % of total sterols) by the sponge decreased the number and 

density of symbiotic zooxanthellaein the hostzoanthids,thereby explaining the possible reason for the 

bleaching of zoanthids in the vicinity ofsponge.The compound β-sitosterol is the common sterol of 

plants (Saeidnia et al. 2014)where it acts as allelochemical against insects by hampering their growth 

and development(Mukherjee 2003). It has also been reported from several marine organisms, such as 

the scallop Placopecten magellanicusGMELIN, 1791(Napolitano et al. 1993), the sponge Haliclona 

(Reniera) sp.(Lawson et al. 1988)and the alga Cladophora densa(ROTH) KÜTZING, 1845(Saeidnia 

et al. 2014). In Haliclona (Reniera) sp., β -sitosterol and its derivative sigmasitosterol, constituting 

8.7% of total sterols, have been reported to be assimilated from a dietary source (such as 

macroalgae,Cladophora densa) or its photosynthetic symbionts, rather than de novo synthesis 

(Lawson et al. 1988).Sponges releasesspecialized (spherulous) cells that store large amounts of 

bioactive compounds, through its osculum in a process known as "spherulization"(Ternon et al. 

2016). This process allows the sponge to form a chemical shield around it, thereby avoidingthe 

overgrowth by neighbouring organisms. It can be speculated that the spherulization could be the 

possible strategy that spongemight use for the storage and release of water insoluble allelochemical 

(β -sitosterol) in the present study.However, future research in the fields of metabolomics can 

provide a better understanding of the localization of allelopathic compounds and their release 

mechanisms.  

The present research work extends the current knowledge regarding the response of 

spongesto the environmental stress with special emphasis on allelochemicals. Such studies also 

provide a new perspective on ecosystem functioning with management implications. For instance, in 

the protected reef areas (with prohibited fishing, collection and anthropogenic pollution), allelopathic 

interactions can work naturally to favour one species over another, thus maintaining an overall 

diversity and balancing the benthic ecosystem. In addition to the ecological management and 

restoration programs, understanding the ecological role and factors affecting the production of a 

particular compound in spongecommunities can also benefit the blue biotechnologyand blue 

economy. It helps in predicting the best harvesting time of bioactive metabolites and design of 

successful aquaculture of sponges, thus supporting a sustainable utilization of sponges for bio-

prospecting. 

 

 



Acknowledgement 

We are grateful to The Director, CSIR-National Institute of Oceanography, Goa, India for his 

support and encouragement. We also appreciate the help from Dr Asif Ali, CSIR-IIIM, Jammu in the 

characterization of the marker compound (β-sitosterol). We are grateful to Dr Filipe Natalio from 

Martin Luther University, Halle-Wittenberg, Germany for his valuable suggestions. We wish to 

express our appreciation to the editor and reviewers for their insightful comments. The author A. 

Singh is grateful to the CSIR, India for the award of junior and senior research fellowship.  

Compliance with Ethical Standards 

Funding:  This work was supported by CSIR funded project ‘Ocean Finder’ (PSC0105) and is NIO 

contribution.The First Author (Anshika Singh) acknowledges the financial support given by CSIR as 

JRF/SRF fellowship. 

Conflict of interest: The authors declare no conflict of interest.    

Ethics statement:  The field collections carried out for the purpose of this paper did not involve 

endangered or protected species.  No specific permission was required to collect the analysed sponge 

samples.   

 

References 

Abdo, D., C. Motti, C. Battershill & E. Harvey, 2007. Temperature and spatiotemporal variability of 

salicylihalamide A in the sponge Haliclona sp. Journal of Chemical Ecology 33(8):1635-

1645. 

Aronson, R., W. Precht, M. Toscano & K. Koltes, 2002. The 1998 bleaching event and its aftermath 

on a coral reef in Belize. Marine Biology 141(3):435-447. 

Ávila, E., J. L. Carballo & J. A. Cruz-Barraza, 2007. Symbiotic relationships between sponges and 

other organisms from the Sea of Cortes (Mexican Pacific coast): same problems, same 

solutions. Innovation and Sustainability:147-156. 

Becerro, M. A., 2008. Quantitative trends in sponge ecology research. Marine Ecology 29(2):167-

177. 

Becerro, M. A., R. W. Thacker, X. Turon, M. J. Uriz & V. J. Paul, 2003. Biogeography of sponge 

chemical ecology: comparisons of tropical and temperate defenses. Oecologia 135(1):91-101. 

Bell, J. J., 2008. The functional roles of marine sponges. Estuarine, Coastal and Shelf Science 

79(3):341-353. 

Brown, B., 1997. Coral bleaching: causes and consequences. Coral Reefs 16(1):S129-S138. 



Chaves-Fonnegra, A., L. Castellanos, S. Zea, C. Duque, J. Rodríguez & C. Jiménez, 2008. 

Clionapyrrolidine A—a metabolite from the encrusting and excavating sponge Cliona tenuis 

that kills coral tissue upon contact. Journal of Chemical Ecology 34(12):1565-1574. 

De Caralt, S., D. Bry, N. Bontemps, X. Turon, M.-J. Uriz & B. Banaigs, 2013. Sources of secondary 

metabolite variation in Dysidea avara (porifera: demospongiae): The importance of having 

good neighbors. Marine Drugs 11(2):489-503. 

Done, T., E. Turak, M. Wakeford, L. DeVantier, A. McDonald & D. Fisk, 2007. Decadal changes in 

turbid-water coral communities at Pandora Reef: loss of resilience or too soon to tell? Coral 

Reefs 26(4):789-805. 

Duckworth, A. R. & C. N. Battershill, 2001. Population dynamics and chemical ecology of New 

Zealand Demospongiae Latrunculia sp. nov. and Polymastia croceus (Poecilosclerida: 

Latrunculiidae: Polymastiidae). New Zealand Journal of Marine and Freshwater Research 

35(5):935-949. 

Engel, S. & J. R. Pawlik, 2000. Allelopathic activities of sponge extracts. Marine Ecology Progress 

Series 207:273-281. 

Ferretti, C., S. Vacca, C. De Ciucis, B. Marengo, A. R. Duckworth, R. Manconi, R. Pronzato & C. 

Domenicotti, 2009. Growth dynamics and bioactivity variation of the Mediterranean 

demosponges Agelas oroides (Agelasida, Agelasidae) and Petrosia ficiformis (Haplosclerida, 

Petrosiidae). Marine Ecology 30(3):327-336. 

Fujii, T., S. Keshavmurthy, W. Zhou, E. Hirose, C. Chen & J. Reimer, 2011. Coral-killing 

cyanobacteriosponge (Terpios hoshinota) on the Great Barrier Reef. Coral Reefs 30(2):483-

483. 

Glynn, P. W., 1996. Coral reef bleaching: facts, hypotheses and implications. Global Change 

Biology 2(6):495-509. 

Goad, J. & T. Akihisa, 2012. Analysis of sterols.Blackie Academic & Professional,Chapman & Hall, 

London, UK. 

Goreau, T. F., 1964. Mass expulsion of zooxanthellae from Jamaican reef communities after 

Hurricane Flora. Science 145(3630):383-386. 

Green, G., P. Gomez & G. Bakus, 1990. Antimicrobial and ichthyotoxic properties of marine 

sponges from Mexican waters. New perspectives in Sponge Biology Smithsonian Inst, 

Washington:109-114. 

Hay, M. E., 1996. Marine chemical ecology: what's known and what's next? Journal of Experimental 

Marine Biology and Ecology 200(1):103-134. 

Henrikson, A. A. & J. R. Pawlik, 1995. A new antifouling assay method: results from field 

experiments using extracts of four marine organisms. Journal of Experimental Marine 

Biology and Ecology 194(2):157-165. 

Hibino, Y., P. Todd, C. D. Ashworth, M. Obuchi & J. D. Reimer, 2013. Monitoring colony colour 

and zooxanthellae (Symbiodinium spp.) condition in the reef zoanthid Palythoa tuberculosa 

in Okinawa, Japan. Marine Biology Research 9(8):794-801. 



ICH Guidelines, I. H. T., 2005. Validation of analytical procedures: text and methodology. Q2 (R1) 1 

(20):5. 

Ivanisevic, J., O. P. Thomas, L. Pedel, N. Pénez, A. V. Ereskovsky, G. Culioli & T. Pérez, 2011. 

Biochemical trade-offs: evidence for ecologically linked secondary metabolism of the sponge 

Oscarella balibaloi. PloS One 6(11):e28059. 

Jeffrey, S. t. & G. Humphrey, 1975. New spectrophotometric equations for determining chlorophylls 

a, b, c1 and c2 in higher plants, algae and natural phytoplankton. Biochem Physiol Pflanz 

BPP. 167 (2):191-194. 

Kuroki, T. & R. Van Woesik, 1999. Changes in zooxanthellae characteristics in the coral Stylophora 

pistillata during the 1998 bleaching event. Journal of the Japanese Coral Reef Society 

1999(1):97-101. 

Lawson, M. P., I. L. Stoilov, J. E. Thompson & C. Djerassi, 1988. Cell membrane localization of 

sterols with conventional and unusual side chains in two marine demonsponges. Lipids 

23(8):750-754. 

Leong, W. & J. R. Pawlik, 2010. Evidence of a resource trade-off between growth and chemical 

defenses among Caribbean coral reef sponges. Marine Ecology Progress Series 406:71-78. 

Lesser, M., 1997. Oxidative stress causes coral bleaching during exposure to elevated temperatures. 

Coral Reefs 16(3):187-192. 

Lewis, T. B. & C. M. Finelli, 2015. Epizoic zoanthids reduce pumping in two Caribbean vase 

sponges. Coral Reefs 34(1):291-300 doi:10.1007/s00338-014-1226-2. 

Lirman, D., S. Schopmeyer, D. Manzello, L. J. Gramer, W. F. Precht, F. Muller-Karger, K. Banks, B. 

Barnes, E. Bartels & A. Bourque, 2011. Severe 2010 cold-water event caused unprecedented 

mortality to corals of the Florida reef tract and reversed previous survivorship patterns. PLoS 

One 6(8):e23047. 

López-Legentil, S., N. Bontemps-Subielos, X. Turon & B. Banaigs, 2006. Temporal variation in the 

production of four secondary metabolites in a colonial ascidian. Journal of Chemical Ecology 

32(9):2079-2084. 

López-Legentil, S., N. Bontemps-Subielos, X. Turon & B. Banaigs, 2007. Secondary metabolite and 

inorganic contents in Cystodytes sp.(Ascidiacea): temporal patterns and association with 

reproduction and growth. Marine Biology 151(1):293-299. 

López-Victoria, M., S. Zea & E. Weil, 2006. Competition for space between encrusting excavating 

Caribbean sponges and other coral reef organisms. Marine Ecology Progress Series 312:113-

121. 

Martí, R., M. J. Uriz & X. Turon, 2004. Seasonal and spatial variation of species toxicity in 

Mediterranean seaweed communities: correlation to biotic and abiotic factors. Marine 

Ecology Progress Series 282:73-85. 

Mise, T. & M. Hidaka, 2003. Degradation of zooxanthellae in the coral Acropora nasuta during 

bleaching. Journal of the Japanese Coral Reef Society 2003(5):33-39. 



Mukherjee, S., 2003. Influence of plant allelochemicals on growth rate, nutritional physiology and 

mid-gut esterase activity in fifth instar larvae of Spodoptera litura (F.)(Lepidoptera: 

Noctuidae). Invertebrate Reproduction &Development 43(2):125-132. 

Murthy, K. & S. Mishra, 2009. Quantification of β-Sitosterol from Mucuna pruriens by TLC. 

Chromatographia 69(1-2):183-186. 

Napolitano, G., R. Ackman & M. Silva-Serra, 1993. Incorporation of dietary sterols by the sea 

scallop Placopecten magellanicus (Gmelin) fed on microalgae. Marine Biology 117(4):647-

654. 

Nes, W. D., R. A. Norton & M. Benson, 1992. Carbon-13 NMR studies on sitosterol biosynthesized 

from [13 C] mevalonates. Phytochemistry 31(3):805-811. 

Nishiguchi, S., N. Wada, H. Yamashiro, H. Ishibashi & I. Takeuchi, 2018. Continuous recordings of 

the coral bleaching process on Sesoko Island, Okinawa, Japan, over about 50 days using an 

underwater camera equipped with a lens wiper. Marine Pollution Bulletin 131:422-427. 

Page, M., L. West, P. Northcote, C. Battershill & M. Kelly, 2005. Spatial and temporal variability of 

cytotoxic metabolites in populations of the New Zealand sponge Mycale hentscheli. Journal 

of Chemical Ecology 31(5):1161-1174. 

Pawlik, J. R., T. P. Henkel, S. E. McMurray, S. López-Legentil, T.-L. Loh & S. Rohde, 2008. 

Patterns of sponge recruitment and growth on a shipwreck corroborate chemical defense 

resource trade-off. Marine Ecology Progress Series 368:137-143. 

Pawlik, J. R., L. Steindler, T. P. Henkel, S. Beer & M. Ilan, 2007. Chemical warfare on coral reefs: 

Sponge metabolites differentially affect coral symbiosis in situ. Limnology and 

Oceanography 52(2):907-911. 

Pérez, C., D. Vila-Nova & A. Santos, 2005. Associated community with the zoanthid Palythoa 

caribaeorum (Duchassaing & Michelotti, 1860)(Cnidaria, Anthozoa) from littoral of 

Pernambuco, Brazil. Hydrobiologia 548(1):207-215. 

Peterson, B. J., C. M. Chester, F. J. Jochem & J. W. Fourqurean, 2006. Potential role of sponge 

communities in controlling phytoplankton blooms in Florida Bay. Marine Ecology-Progress 

Series- 328:93. 

Porter, J. W. & N. M. Targett, 1988. Allelochemical interactions between sponges and corals. The 

Biological Bulletin 175(2):230-239. 

Rasher, D. B. & M. E. Hay, 2010. Chemically rich seaweeds poison corals when not controlled by 

herbivores. Proceedings of the National Academy of Sciences 107(21):9683-9688 

doi:10.1073/pnas.0912095107. 

Reigosa, M. & N. Pedrol, 2002. Multifaceted approach to study allelochemicals in an ecosystem. 

Allelopathy: from Molecules to Ecosystems:271-276. 

Reimer, A. A., 1971a. Feeding behavior in the Hawaiian zoanthids Palythoa and Zoanthus. Pacific 

Science 25:512-520. 



Reimer, A. A., 1971b. Observations on the relationships between several species of tropical 

zoanthids (Zoanthidea, Coelenterata) and their zooxanthellae. Journal of Experimental 

Marine Biology and Ecology 7(2):207-214. 

Reimer, J. D., S. Ono, J. Tsukahara, K. Takishita & T. Maruyama, 2007. Non‐seasonal 

clade‐specificity and subclade microvariation in symbiotic dinoflagellates (Symbiodinium 

spp.) in Zoanthus sansibaricus (Anthozoa: Hexacorallia) at Kagoshima Bay, Japan. 

Phycological Research 55(1):58-65. 

Rohde, S., D. J. Gochfeld, S. Ankisetty, B. Avula, P. J. Schupp & M. Slattery, 2012. Spatial 

variability in secondary metabolites of the indo-pacific sponge Stylissa massa. Journal of 

Chemical Ecology 38(5):463-475. 

Russell, B., B. Degnan, M. Garson & G. Skilleter, 2003. Distribution of a nematocyst-bearing 

sponge in relation to potential coral donors. Coral Reefs 22(1):11-16. 

Sacristán-Soriano, O., B. Banaigs & M. A. Becerro, 2012. Temporal trends in the secondary 

metabolite production of the sponge Aplysina aerophoba. Marine Drugs 10(4):677-693. 

Sadikun, A., I. Aminah, N. Ismail & P. Ibrahim, 1996. Sterols and sterol glycosides from the leaves 

of Gynura procumbens. Natural Product Sciences 2(1):19-23. 

Saeidnia, S., A. Manayi, A. R. Gohari & M. Abdollahi, 2014. The story of beta-sitosterol-a review. 

European Journal of Medicinal Plants 4(5):590. 

Siebeck, U., D. Logan & N. Marshall, CoralWatch: a flexible coral bleaching monitoring tool for 

you and your group. In: Proceedings of the 11th International Coral Reef Symposium,2008. 

vol 1. p 549-553. 

Siebeck, U., N. Marshall, A. Klüter & O. Hoegh-Guldberg, 2006. Monitoring coral bleaching using a 

colour reference card. Coral Reefs 25(3):453-460. 

Singh, A. & N. L. Thakur, 2015a. Field and laboratory investigations of budding in the tetillid 

sponge Cinachyrella cavernosa. Invertebrate Biology 134(1):19-30. 

Singh, A. & N. L. Thakur, 2015b. Influence of spatial competitor on the growth and regeneration of 

the marine sponge Cinachyrella cf. cavernosa (Porifera, Demospongiae). Hydrobiologia:1-

13. 

Singh, A. & N. L. Thakur, 2016. Significance of investigating allelopathic interactions of marine 

organisms in the discovery and development of cytotoxic compounds. Chemico-Biological 

Interactions 243:135-147. 

Slomp, G. & F. A. MacKellar, 1962. Nuclear magnetic resonance studies on some hydrocarbon side 

chains of steroids. Journal of the American Chemical Society 84(2):204-206. 

Smith, W., 1978. Carbon-13 NMR spectroscopy of steroids. Annual Reports on NMR Spectroscopy 

8:199-226. 

Steinberg, P. D. & R. De Nys, 2002. Chemical mediation of colonization of seaweed surfaces1. 

Journal of Phycology 38(4):621-629 doi:10.1046/j.1529-8817.2002.02042.x. 



Suchanek, T. H. & D. J. Green, Interspecific competition between Palythoa caribaeorum and other 

sessile invertebrates on St. Croix reefs, US Virgin Islands. In: Proceedings of the 4th 

International Coral Reef Symposium, 1981. vol 2. p 679-684. 

Sullivan, B., D. J. Faulkner & L. Webb, 1983. Siphonodictidine, a metabolite of the burrowing 

sponge Siphonodictyon sp. that inhibits coral growth. Science 221(4616):1175-1176. 

Swearingen III, D. & J. R. Pawlik, 1998. Variability in the chemical defense of the sponge 

Chondrilla nucula against predatory reef fishes. Marine Biology 131(4):619-627. 

Ternon, E., L. Zarate, S. Chenesseau, J. Croué, R. Dumollard, M. T. Suzuki & O. P. Thomas, 2016. 

Spherulization as a process for the exudation of chemical cues by the encrusting sponge C. 

crambe. Scientific Reports 6 doi: 10.1038/srep29474. 

Thoms, C. & P. J. Schupp, 2007. Chemical defense strategies in sponges: a review. Porifera 

Research Biodiversity, Innovation and Sustainability Rio de Janeiro: Série Livros 28:627-

637. 

Turon, X., M. A. Becerro & M. J. Uriz, 1996a. Seasonal patterns of toxicity in benthic invertebrates: 

The encrusting sponge Crambe crambe (Poecilosclerida). Oikos:33-40. 

Turon, X., M. A. Becerro, M. J. Uriz & J. Llopis, 1996b. Small-scale association measures in 

epibenthic communities as a clue for allelochemical interactions. Oecologia 108(2):351-360. 

Voogd, N. d., L. Becking, B. Hoeksema & R. Soest, 2004. Sponge interactions with spatial 

competitors in the Spermonde Archipelago. Bolletino di Museo e Istituto di Biologia 

dell'Universita di Genova 68:253-261. 

Ward-Paige, C. A., M. J. Risk, O. A. Sherwood & W. C. Jaap, 2005. Clionid sponge surveys on the 

Florida Reef Tract suggest land-based nutrient inputs. Marine Pollution Bulletin 51(5):570-

579. 

Webster, N. S. & M. W. Taylor, 2012. Marine sponges and their microbial symbionts: love and other 

relationships. Environmental Microbiology 14(2):335-346. 

Weil, E., 2002. Sponge-induced coral mortality in the Caribbean. A potential new threat to 

Caribbean coral reefs. Boll Mus Ist Biol Univ, Genova:66-67. 

Wulff, J. L., 2006. Ecological interactions of marine sponges. Canadian Journal of Zoology 

84(2):146-166. 



18 

 

 

 

Fig.1.Schematic diagram of the methodology adopted for the present study. A. Non-manipulative and 

manipulative sets were made where in manipulative experiments, the zoanthids were removed from the 

vicinity of tagged sponges. The budding frequency was calculated using in-situ photo-quadrats method 

to find out the impact of zoanthids on the reproduction of sponge i.e., budding. The sponge tissue was 

collected from these two sets of experiments for determination of potent allelochemical component 

using bio-assay guided fractionation and its chemical profiling was done using HPTLC to understand 

the impact of zoanthids on sponge’s allelochemical. B. In-situ phyta-gel assay was conducted to 

determine the allelopathic impact of sponge’s compound on zoanthids and its symbiotic zooxanthella.     

A. 

B. 
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 Fig.2.A. Structure of β-sitosterol (major sterol from sponge B. Monthly variations in concentration of 

β-sitosterol in sponge with and without zoanthids (sponge n=36 *2 experimental set up). 

 

 

A. 

B. 
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Fig.3.Whisker and box plot for zoanthids’ colour core and its symbionts morphological condition 

NZ(%), cell density, chlorophyll a and c content under control and treated conditions. Colour scores 

NZ%, cell density, chlorophyll a and c content depicted the similar patterns, with significantly lower 

values for zoanthids under treated gels as compared to controls. 
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                                  Table 1.Environmental measurements of the study area 

 

 

 

 

 

 

 

 

 

Table 2. Estimated coefficients, standard errors, and p-values of multiple regression models for 

the “production of β-sitosterol” as predicted by abiotic and biotic environmental variables using 

a forward stepwise selection procedure (Model A, three explanatory variables, Multiple R= 0.96, 

R2 = 0.92, adjusted R2 = 0.89, p < 0.00001) and a backward stepwise elimination procedure 

(Model B, two explanatory variables, R = 0.95, R² = 0.91, Adjusted R² = 0.88, p < 0.00001). 

 

 

 

 Mean ±SD Min. Max. 

pH 7.78 ±0.50 6.6 8.1 

Temperature (°C) 29.35 ±1.15 27.6 31.2 

Salinity (ppt) 32.85 ±2.36 26.82 34.91 

Dissolved Oxygen (mg L-1) 4.31 ±0.95 2.19 5.23 

Silicate (μM) 8.17 ±4.86 2.76 19.12 

Phosphate (μM) 1.67 ±0.66 0.62 2.7 

Nitrate (μM) 6.25 ±2.36 3.48 11.16 

Nitrite (μM) 0.88 ±0.32 0.40 1.6 

Ammonia (μM) 3.19 ±1.35 0.97 5.12 

 Estimate Standard Error p 

Model I (Forward Selection)    

Intercept -10.82 6.35 0.1054 

competitor 0.01 0.00 0.0000 

budding -0.08 0.02 0.0001 

salinity 0.73 0.18 0.0006 

nitrate -0.31 0.16 0.0599 

pH -0.76 0.69 0.2807 

Model II (Backward   Elimination)    

Intercept -13.21 5.14 0.0183 

budding -0.08 0.02 0.0001 

competitor 0.01 0.00 0.0000 


