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ABSTRACT: During a study of the spatial and temporal patterns of desmosponge (Porifera, 
Demospongiae) recruitment on rocky and coral reef habitats of Santa Marta, Colombian Caribbean 
Sea, prehminary attempts were made to estimate actual settlement rates from short-term (1 to a few 
days) recruitment censuses. Short-term recruitment rates on black, acrylic plastic plates attached to 
open, non-cryptic substratum by anchor screws were low and variable (0-5 recruits/plate in I -2  
days, sets of n = 5-10 plates), but reflected the depth and seasonal trends found using mid-term {1 to 
a few months) censusing intervals. Moreover, mortality of recruits during 1-2 day intervals was low 
(0-12 %). Thus, short-term censusing intervals can be used to estimate actual settlement rates. To be 
able to make statistical comparisons, however, it is necessary to increase the number of recruits per 
census by pooling data of n plates per set, and to have more than one set per site or treatment. 

I N T R O D U C T I O N  

For sess i le  m a r i n e  organisms ,  s e t t l e m e n t  is d e f i n e d  as the  m o m e n t  a p r o p a g u l e  
a t t aches  to the  subs t r a tum and  b e g i n s  me tamorphos i s .  S ince  a n u m b e r  of set t lers  r e m a i n  

" inv is ib le"  a m o n g  o the r  o rgan i sms  or  die  be fo re  t h e y  can  be  found,  those  "v is ib le"  

survivors  o b s e r v e d  at a g i v e n  t ime  are  ca l l ed  recrui ts  (Keough  & D o w n e s ,  1982; Wal lace ,  
1983; Connel l ,  1985; C a m e r o n ,  1986). To s tudy  the  sources  of va r ia t ion  in se t t l emen t ,  and  

to a n s w e r  the  q u e s t i o n  of h o w  this va r i a t ion  affects  the  d is t r ibut ion  a n d  a b u n d a n c e  of 
adults ,  it is i m p o r t a n t  to f ind a w a y  to e s t ima te  ac tua l  s e t t l e m e n t  i n s t ead  of r e c r u i t m e n t  

(Connel] ,  1985). H o w  close r ec ru i tmen t  counts  a re  to n u m b e r s  ac tua l ly  se t t l ing  d e p e n d s  

on the  t e m p o r a l  sca le  at w h i c h  the  o b s e r v e r  works  in  re la t ion  to the  sca les  at wh ich  
se t t l ement ,  g r o w t h  to "v is ib le"  size, and  mor t ah ty  occur.  To ob ta in  ac tua l  s e t t l e m e n t  ra tes  

the  o b s e r v e r  cou ld  w o r k  on a t e m p o r a l  scale  short  e n o u g h  to f ind mos t  or  all  se t t l ed  

ind iv idua l s  b e f o r e  t h e y  d ie  or d i sappear .  For  this, it is n e c e s s a r y  to first w o r k  at a sca le  of 
magn i f i c a t i on  a n d  on a se t t l ing  sur face  in w h i c h  it is poss ib le  to o b s e r v e  all  sett lers,  

"v is ib le"  or " inv i s ib le" ;  and  second,  to tes t  w h e t h e r  mor ta l i ty  b e t w e e n  the  chosen  
obse rva t i on  t imes  is min imal .  An  a l t e rna t ive  w a y  is to e l e m i n a t e  par t  or  all the  sources  of 

p o s t s e t t l e m e n t  mortal i ty ,  i.e. by  c a g i n g  to p r e v e n t  p r eda to r s  f rom f ind ing  set t lers l  this, 

h o w e v e r ,  modi f i e s  the  na tu ra l  se t t l ing  condi t ions  to an  u n k n o w n  d e g r e e .  
In this paper ,  the  resul ts  of shor t - t e rm (1 to a f ew  days) c ensuse s  of d e s m o s p o n g e  

(Porifera, D e m o s p o n g i a e )  r ec ru i tmen t  on r e t r i e v a b l e  p la tes  a t t a c h e d  to the  subs t r a tum in 
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rocky and  coral reef habitats of Santa Marta, Colombian Car ibbean  Sea, carried out to 
estimate actual sett lement,  are presented.  These experiments were u n d e r t a k e n  as part  of 
a general  study of spatial and  temporal  patterns of desmosponge rec ru i tment  (cf. Zea, 
1990 and  in press). 

MATERIALS AND METHODS 

S t u d y  a r e a  

All observations and  experiments  were carried out at Punta  de Betin a n d  E1 Morro, in 
the vicinity of the City of Santa Marta in the NE Colombian C a r i bbe a n  (11 ~ 15' N; 
74 ~ 13' W). The laboratory base was the Instituto de Investigaciones Mar inas  de Punta  de 
Bet/n - INVEMAR. A description of the area is given in Zea (1990) and will be publ ished 
elsewhere. 

G e n e r a l  p ro toco l  

Rectangular,  15x  10 cm, coarsened, pre-soaked, black, acrylic plastic plates, 
at tached to the substratum with a central, 1/4", anchor screw h a m m e r e d  into a 1/4" 
diameter  hole and a fastening bolt, were used to study sponge recrui tment .  This plate 
shape and size were amenable  to microscopic scanning and  to unde rwa te r  photography 
with the s tandard 35 mm close-up lens available. For details of this method,  see Zea 
(1990, and in press). 

Taxonomic determinat ion of most recruits was difficult because  individuals  as young  
as this rarely contain the full spicule complement  of the adults. Also, the high sponge 
species richness in the area (Zea, 1987) prevented  identification of recruits by  adult  
characters such as colour or major spicule types. Thus, the resuIts of this s tudy are based  
solely on the total n u m b e r  of sponges counted on plates. 

L a b o r a t o r y  c e n s u s e s  

Whenever  plates were retrieved for laboratory study, they were individual ly  put  into 
"Ziploc" bags and  transported in seawater  filled buckets  (contact of plate surface with 
the bag was assumed to have no effect on sponge recruits). They were then kept  either in 
aerated buckets  with daily replacement  of the seawater  or in aquaria  with filtered, 
runn ing  seawater. Plates were placed in a low tray with seawater, and  two scans were 
made under  the dissecting microscope to look for desmosponges.  Dur ing  the second 
scan, accumulated silt and organic debris were c leaned away with a gent le  jet of water  
(produced by squeezing a rubber  bulb  attached to a Pasteur pipette) to locate sponges 
h idden under  f i lamentous algae and debris. To relocate sponges in further censuses,  their 
positions were mapped  onto an acetate sheet and  their colour noted. 

In-situ c e n s u s e s  

To measure  recnri tment  without dis turbing recruits, some sets of plates were s tudied 
visualIy in-situ, using a simple magnify ing glass, before they became heavily fouled by 
algae (within about the first 20-25 days of installation). Plates were also scanned  twice 
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underwater ,  c leaning away silt with a gentle jet of water from a Pasteur pipette with a 
rubber  bulb. Then,  sponges were numbered  and their positions mapped  with a pencil  on 
a clean set of una t tached  plates. Despite the fact that counts were made  in-situ this 
recruitment was considered "invisible", as it was beheved that all demosponges  had 
been  seen in the field. However, so as not to disturb the recruits, plates were never  
immediately brought  to the laboratory to recount the sponges under  the microscope. 

Shor t -  (1 to a f ew  days)  to m i d - t e r m  (1-2  m o n t h s )  r e c r u i t m e n t  

Initially, to determine if there was any sponge recruitment on a short-term (1-2 days) 
basis in two different depths, and  if so, how it relates to mid-term (1-2 months) 
recruitment,  and  how much mortality occurs on this time scale, two sets of five plates 
each were interspersed in an area of about 2 m 2 on March 30, 1987, in the E1 Morro 
fringing reef, one set on the reef terrace zone (15 m, series H1) and the other set on the 
reef slope (24 m, series H2). The deeper  set was retrieved after 29 days to locate any 
recruited sponges in the laboratory, replaced the following day, each plate in its former 
place, and then retrieved again one day later to see if new sponges had settled, and  if 
previously established recruits (those which survived laboratory manipulat ion) had died. 
The same procedure was applied to the shallower set of plates, but  hoping to obtain a 
larger n u m b e r  of recruits, they were retrieved 56 days instead of 29 days after installation 
and were left underwate r  for two days be tween  examinations instead of one. In both 
cases, whenever  the original plates were in the laboratory, they were replaced by a new 
set of clean plates (series HC1 and HC2, respectively) to assay short-term recrui tment  on 
completely clean surfaces. These were then recovered and examined in the laboratory, 
and the original plates re turned to their respective positiohs in the field. 

In a second series of experiments,  to measure short-term recrui tment  in-situ, ten 
plates were interspersed in an area of about 6 m 2 in a depth of 6 m at the Punta  de Betin 
rocky shore on Oct. 22, 1987 (series D). The in-situ observations were carried out 16, 17 
and 23 days after install ing the plates. Plates were finally retrieved for laboratory 
examinat ion after 77 days. The fate of individual  sponges was thus followed be tween  day 
16 and day 77. To have observations in two seasons in the same set of plates, starting Jan. 
17, 1988, a clean set of plates was emplaced at the series D Iocation, and  in-situ 
observations of sponge recrui tment  were carried out as above 6 and 7 days after 
installation (series I, logistical problems prevented censusing this series further). 

RESULTS 

The short- to mid-term, invisible plate recruitment data (series H1, H2, D, I) are 
summarized in Table 1. Unfortunately, recrui tment  occurring on a single plate in 1-2 day 
intervals was too low and  too variable (0-5 recruits) to allow statistical comparison among 
depths and seasons. Nevertheless, cautious comparisons are possible, keeping  in mind 
the prel iminary nature  of the observations. Firstly, comparisons be tween  short-term 
recrui tment  rates in two depths at about the same time of the year are possible be tween  
series H1 and H2, despite the fact that the initial census and the short-term interval  
varied be tween  these series: Fewer sponges recruited on the shallower, reef slope terrace 
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Table 1. Summary of short:  to mid-term sponge plate recnlitment.  Data are numbers  of new sponges 
recruited at each census {all new sponges in a census belong to a cohort}. * = counted  in the 

laboratory, *" = counted in-situ. For details see text 

Cohort recruited Time interval N u m b e r  of new recrui ts /pla te  
from day to day (days) mean  range  

Series H1. E1 Morro (EM) fringing reef terrace, 15 m, n = 5 plates, started March 30, 1987 
56 58 2 0.8" 0-3 

0 56 56 3.4 ~ 1-6 

Series H2. E1 Morro (EM) fringing reef slope, 24 m, n = 5 plates, started March 30, 1987 
29 30 1 1.6" 0-5 

0 29 29 3:8" 1-7 

Series D. Punta de Betin (PB) rocky shore, 6 m depth, n = 10 plates, started Oct. 22, 1987 
16 17 1 0.9" " 0-4 
17 23 6 2.3"" 1-5 

0 16 16 5.9" * 1-22 
23 77 54 13.5" 6-23 

Series I. Same as D (plates c leaned anew}, started Jan. 17, 1988 
6 7 1 0.0 ~ 0 
0 6 6 0.7" * 0-2 

p l a t e s  (ser ies  H1,  0.8 r e c r u i t s / p l a t e  in  t h e  t w o - d a y  i n t e r v a l  b e t w e e n  d a y  5 6  a n d  d a y  58) 

t h a n  on  t h e  d e e p e r ,  r e e f  s lope  p l a t e s  ( se r ies  H2, 1.6 r e c r u i t s / p l a t e  in  t h e  o n e - d a y  i n t e r v a l  

b e t w e e n  d a y  29 a n d  d a y  30); m i d - t e r m  r e c r u i t m e n t  r a t e s  a r e  in  a g r e e m e n t  w i t h  t h e s e  

p r e s u m p t i v e  h a b i t a t  d i f f e r e n c e s  (3.4 vs  3.8 r e c r u i t s / p l a t e  in  56 a n d  29 days ,  r e s p e c t i v e l y ;  

s e e  a l so  Z e a  [in p re s s ]  for  ove r a l l  d i f f e r e n c e s  in  m i d - t e r m  r e c r u i t m e n t  b e t w e e n  t h e s e  two  

habi ta ts} .  
Second ly ,  i t  m a y  a lso  b e  p o s s i b l e  to c o m p a r e  s h o r t - t e r m  r e c r u i t m e n t  b e t w e e n  

s e a s o n s  in  t h e  s a m e  s i te  b e t w e e n  s e r i e s  D a n d  I: m o r e  s p o n g e s  r e c r u i t e d  d u r i n g  1 to 6 d a y  

i n t e r v a l s  o n  se r i e s  D p l a t e s  ( b e t w e e n  O c t . - N o v .  1987, r a i n y  season}  t h a n  o n  s e r i e s  I (Jan.  

1988, d ry  s e a s o n ;  0.9 vs  0.0 a n d  2.3 vs  0.7 r e c r u i t s / p l a t e  for  1 a n d  6 days ,  r e spec t ive ly} .  

S e e  Z e a  (in p ress )  for  s e a s o n a l i t y  of s p o n g e  r e c r u i t m e n t  in  t h e  a r ea .  H o w e v e r ,  i t  is n o t  

k n o w n  if t he  r e l a t i v e l y  low r e c r u i t m e n t  o n  t h e  l a t t e r  se r ies  o c c u r r e d  b e c a u s e  t h e  p l a t e s  

w e r e  still  too  c l e a n  ( u n d e r w a t e r  on ly  for  6 d a y s  v e r s u s  16 d a y s  o n  se r i e s  D). N e v e r t h e l e s s ,  

s e r i e s  I e x e m p l i f i e s  t h e  p r o b l e m  of u s i n g  a t ime  i n t e r v a l  of o n l y  o n e  d a y  w h e n e v e r  

r e c r u i t m e n t  r a t e s  a r e  low.  

S h o r t - t e r m  r e c r u i t m e n t  d i d  o c c u r  b o t h  o n  r e l a t ive ly  c l e a n  p l a t e s  ( s e r i e s  D- I )  a n d  o n  

t h o s e  a l r e a d y  c o l o n i z e d  b y  a l g a e  {series H 1 - H 2 ) .  H o w e v e r ,  n o  s p o n g e s  r e c r u i t e d  to t h e  

HC1  a n d  H C 2  se r i e s  o n  c o m p l e t e l y  c l e a n  p l a t e s  w i t h i n  t h e  f irst  t w o  d a y s  of e m p l a c e m e n t  

{data  no t  s h o w n  in  T a b l e  I). 

T h e  n u m b e r  of d a y s  s u r v i v e d  b y  e a c h  c o h o r t  in  w h i c h  it w a s  p o s s i b l e  to fo l low t h e  

fa te  of i ts  r ec ru i t s  is g i v e n  in  T a b l e  2. For  al l  cohor ts ,  s u r v i v o r s h i p  w a s  r e l a t i v e l y  h i g h  

(88 % to I00  %)  b e t w e e n  t h e  f i rs t  a n d  t h e  s e c o n d  c e n s u s e s  ( the  s e c o n d  c e n s u s  w a s  w i t h i n  

o n e  o r  two  d a y s  of t h e  first). T h i s  w a s  t r u e  w h e t h e r  p l a t e s  w e r e  b r o u g h t  to t h e  l a b o r a t o r y  

(ser ies  H1 a n d  H2) or  w e r e  s c a n n e d  u n d e r w a t e r  {series D a n d  I). O v e r  s l i g h t l y  l o n g e r  
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Table 2. Short- to mid-term survivorship of recruits. Plate series are those of Table 1. Data are total 
(all plates pooled) numbers of surviving recruits [percentage] at each census. One cohort each was 

followed for series I, HI and H2, and three for series D 

Cohort recruited Census 
from day to day 1 2 3 4 

0 56 

0 29 

0 16 

16 17 

17 23 

0 6 

�9 Plus one day in the laboratory 

Series H1 
(Day 56) (Day 58)" 

17 15 
[I001 [88.2] 

Series H2 
(Day 29) (Day 30) 

19 17 
[100] [89,5] 

(Day 16) 
59 

[I00] 

Senes D 
(Day 17) (Day 23) (Day 77) 

54 40 11 
[91.51 [67.8] [18.61 

9 9 2 
[100] [100] [22.2) 

23 11 
[100] [47.8] 

Series I 
(Day 6) (Day 7) 

17 17 
[I00] H00] 

periods (6-7 days), whereas  100 % of the sponges of series D which had recruited 
be tween  day 16 and  17 survived to day 23 (a 6-day period), only 67.8 % of those that 
recruited be tween  day 0 and  day 16 survived to day 23 (a 7-day period). Mid-term 
survivorship (through the 54-day period be tween  the third and fourth censuses,  series D) 
ranged only be tween  18.6 % and  47.8 %. 

DISCUSSION 

Only in some species of barnacles,  oysters, gastropods, bryozoans and  ascidians h a v e  
measurements  been  made  of short-term (hours to 1-3 days) recruitment rates, thanks  to 
their relatively large larve, set t lement in open substrata, and in some cases, their leaving 
attached remains for some time after death (review in Connell, 1985). Sponge larvae are 
general ly large (0.1-2 ram; Wapstra & van  Soest, 1987), and thus, recently settled 
individuals are easily detected in the field on relatively clean surfaces, or unde r  the 
dissecting microscope on retrievable plates (Zea, in press). Most sponge recrui tment  
studies, however, have b e e n  made on a temporal  scale of several weeks to months (e.g. 
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Hartman,  1958; Wells et al., 1964; Bergquist & Sinclair, 1973; Reiswig, 1973; Fell, 1976a, 
1976b; Dayton, 1979; Ayhng, 1980; Barthel, 1986). The shortest time scale was used by 
McDougall (1943) who found for the sponge .Reniera tubifera weekly me a ns  of up to 26 
recruits/100 cm 2 (n = 18, 116 cm 2 tries on a piling at North Carolina, USA) dur ing  the 
J u n e - J u l y  reproductive period. At Santa Marta, however, means  of only b e t w e e n  0.4 and  
2.1 sponges/100 cm 2 recnl i ted on the exposed substrata of the rocky shore dur ing  one 
week  (n = 10 plates, series I and D, Table 1) in January  1988 and November  1987, 
respectively. These differences in weekly rates are probably due to the greater  abund-  
ance of sponges (and hence, sponge recruits) which usually exists in shaded  pil ings or 
shaded rocky overhangs,  relative to open and well i l luminated, subtidal  substrata  (Zea, in  
press), where the observations described here were carried out. 

Sponge recruits were indeed  recorded at censusing intervals of 1 or 2 days, bu t  only 
in periods w h e n  heavy recrui tment  was occurring. Longer intervals are thus needed  to 
have at least a few attached larvae on plates during periods of low recrui tment .  However,  
with regard to each plate, short-term rates were too low and  var iable  to allow for 
statistical comparisons in the design used here. The same problem was faced w h e n  mid- 
term rates were measured  at Santa Marta in sets of n = 4-12 plates, ob ta in ing  medians  of 
1-27 sponges/100 cm 2 for sampl ing periods ranging from 20 to 77 days (Zea, in press). To 
solve this problem, it is suggested to pool numbers  of all n plates forming a single set to 
obtain a single data point. To have replicates, thus, several sets of n plates should be 
emplaced for each site~habitat~treatment. 

As is the case for many, if not all sessile animals, there was no recru i tment  onto 
completely clean plates within the first 1-2 days underwater  at Santa Mar ta  (series HC1 
and  HC2). Thus, for sponge recrui tment  to occur, the substratum probably  must  be 
"precoated" by an  organic, bacterial and/or  microscopic algal film (e.g. Crisp & Ryland, 
1960; Crisp, 1974; Bergquist, 1978). A few days later, however, short- term rates may 
differ according to the extent to which algae have colonized on plates. To test for this 
effect, sets of plates would have to be installed at different dates, and  short-term 
recruitment censuses  carried out s imultaneously in all sets. For mid- term intervals  (30 to 
70 days), Zea (1990) found that recruitment rates were similar whether  plates started 
clean or were heavily fouled by crustose and filamentous algae, because  all plates ended  
equally fouled after about 1-2 months. These results indicate that if there is an  algal 
effect on sponge recruitment,  it occurs within the first few days. 

Recruitment rates measured at short time intervals (hours to a few days) could be 
considered good estimators of actual set t lement rates, assuming that post -se t t lement  
mortality is nea r  zero over this interval. At Santa Marta, this latter assumpt ion  was tested 
with positive results (0-12 % at 1-2 day intervals) for both relatively c lean  and  heavily 
fouled plates, dur ing  periods of heavy as well as low recruitment,  and  e v e n  when  plates 
were brought to the laboratory, a procedure which did not seem to increase  mortality of 
recnlits. Moreover, mid-term mortality rates of 53-81% (54 days) found in this study are 
m agreement  with those of other studies: Fell & Lewandrowski (1981) for the sponge 
Hafichondria sp. on eelgrasses in New England  found that 81% of individuals  be t w e e n  1 
and  10 mm in diameter  died within 4 weeks. Similarly, Har tman (1958), found  56.4 % of 
recruited Halidona loosanoffi in New England  died within the first month.  In other 
studies, Zea (1990) found that 77.6 % of sponges which recruited onto four plates  dur ing 
one year at E1 Morro rocky shore died within the first month after recrui tment ,  and  Zea (in 
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press)  f o u n d  recru i t  mor ta l i t i e s  b e t w e e n  5 1 . 1 %  a n d  89.5 % d u r i n g  a t w o - m o n t h  p e r i o d  at  

six rocky  a n d  coral  r ee f  hab i t a t s  of E1 Morro.  

Thus ,  p r o v i d e d  tha t  t he  a b o v e  m e n t i o n e d  p r o b l e m  of low a n d  va r i ab l e  n u m b e r  of 

r e c ru i t s / p l a t e  is so lved  by  u s i n g  m o r e  t h a n  one  se t  of n p la tes ,  e s t i m a t i o n  of ac tua l  

s e t t l e m e n t  ra tes  in  s p o n g e s  can  b e  ca r r i ed  out  as d e s c r i b e d  he re .  A l t h o u g h  it is logist i -  

cally ve ry  difficult  to m a k e  c o m p a r i s o n s  of s p o n g e  s e t t l e m e n t  a n d  r e c r u i t m e n t  ac ross  

hab i t a t s  a n d  seasons ,  o n e  cou ld  m o n i t o r  r e c r u i t m e n t  on  a m o n t h l y  or b i - m o n t h l y  bas i s  in  

c o m b i n a t i o n  wi th  s i m u l t a n e o u s  s h o r t - t e r m  (1-2 or 2~6 days  as e s t ima to r s  of ac tua l  

s e t t l emen t )  c e n s u s e s  on  the  s a m e  se t s  of p la tes .  It is a d v i s a b l e  to m a i n t a i n  t he  a lga l  c a r p e t  

on  t h e  p la tes ,  t h e r e b y  a l lowing  t h e m  to mimic  the  na tu ra l  s u b s t r a t u m  a n d  t h e  s e a s o n a l  

c h a n g e s  w h i c h  occu r  on  it, a n d  thus ,  p l a t e s  s h o u l d  b e  b r o u g h t  to t he  l a b o r a t o r y  for 

m ic roscop i c  e x a m i n a t i o n .  
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