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ABSTRACT: Effects of shrimp on periphyton and sediments in Atlantic forest streams: an exclusion

experiment . Recen t  s t ud i es  have  shown  va r i ous  cases  i n  wh i ch  sh r imp  and  f i sh

det r i t ivores s t rongly in f luence the benth ic  communi ty  of  Neot ropica l  s t reams.  We

studied the ef fects of atyid (Potimirim glabra )  and palaemonid (Macrobrachium olfersi )

shrimp in two fishless third-order forest streams at I lha Grande, RJ, Brazil .  We used

cages to exclude shrimp from stones and mesh substrate and compared the deposit ion

of sediments and growth of algae (chlorophyll -a) with substrates in open cages and

wi thout  cages .  Af ter  6  and 24 days ,  s tones protected f rom shr imp ins ide c losed

cages had more sediment than those in open cages and without cages. Chlorophyll -

a on stones did not signif icantly vary with experimental treatment, but mesh substrates

developed less chlorophyll -a in the absence of shrimps than in the other treatments.

We hypothesize that either increased sediments inhibit periphyton growth or that, in

the absence of shr imp, ephemeropteran grazers are more act ive. We conclude that

atyid shr imps signi f icant ly remove sediments in the pools and slow-current s i tes.

Key-words: ecosystem engineering, strong interactors, sediments, periphyton, benthic

community,  st ream ecology.

RESUMO: Efeitos de camarões sobre perifiton e sedimentos em córregos de Mata Atlântica: um

experimento de exclusão. Estudos recentes têm mostrado vár ios casos em que cama-

rões e peixes detri t ívoros inf luenciam fortemente a comunidade bentônica de córregos

neot rop ica is .  Es tudamos os  e fe i tos  de  camarões das  famí l ias  A ty idae (Pot imi r im

glabra )  e  Pa laemon idae  (Macrobrachium ol fers i )  em do is  cór regos de te rce i ra  or -

dem, sem peixes, na I lha Grande, RJ, Brasil .  Usamos gaiolas para excluir camarões

de subst ra tos  de pedras  e  te las ,  e  comparamos a  depos ição de sed imentos  e  o

crescimento de algas (clorofi la-a) com substratos em gaiolas abertas e sem gaiolas.

Após 6 e 24 d ias ,  pedras proteg idas de camarões dent ro de ga io las fechadas t i -

nham mais sedimento comparado com as dentro de gaiolas abertas e sem gaiolas.

A clorof i la -a sobre pedras não variou signif icat ivamente entre os tratamentos, mas

substratos de tela desenvolveram menos clorofi la na ausência de camarões compa-

rado com os outros tratamentos. Levantamos a hipótese de que ou a maior quanti -

dade de sedimento inibiu o crescimento de peri f i ton, ou na ausência de camarões,

os efemerópteros herb ívoros são mais a t ivos.  Conclu ímos que camarões at i ídeos

removem signi f icat ivamente sedimentos nos remansos e lugares de baixa corrente-

z a .

Palavras-chave:  e n g e n h a r i a  d e  e c o s s i s t e m a ,  s e d i m e n t o s ,  p e r i f i t o n ,  c o m u n i d a d e

bentônica,  camarão at i ídeo, ecologia de córrego.

Introduction

In  recent  years,  var ious studies have shown large ef fects of  omnivorous f ish

and shr imp in a l ter ing the sediments and benthic community in Neotropical  r ivers

and s t reams.  F lecker  ( 1996,  1997)  used an exc lus ion exper iment  to  show that  the

de t r i t i vo ra l  f i sh  Proch i l odus  mar i ae  s i g n i f i c a n t l y  “ c l e a n e d ”  t h e  s u b s t r a t e  o f  a

Venezue lan  p iedmont  r ive r ,  p rovok ing  a  subs tan t ia l  change to  the  benth ic  a lga l

community. Pringle and colleagues have shown that atyid shrimp (Pringle, 1996; Pringle

& Blake, 1994; Pringle et al. ,  1993) in Puerto Rico and shrimp and fish in Costa Rica
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Pr ing le  & Hamazak i ,  1998 )  remove sediments  and benth ic  a lgae .  The phenomena

have been c i ted as examples o f  “ecosystem engineer ing”  (F lecker ,  1996)  and the

o rgan i sms  ca l l ed  “ s t rong  i n t e rac to r s ”  ( P r i ng l e  &  Hamazak i ,  1 998 ) .  Power  ( 1 997 )

discusses the phenomena and the use of these terms.

Coasta l  s t reams of  south -eas tern  Braz i l  o f ten have abundant  shr imps o f  the

famil ies Atyidae and Palaemonidae (Moulton, 1998; Moulton & Parslow, 1994; Si lveira

& Moulton, 1998), and we can expect that they might act similarly to their counterparts

in Central American coastal streams. We have begun exclusion experiments to test

this. Siviero & Moulton (1998) used cages to exclude shrimp and observed a reduction

in the quantity of algae (evidenced by chlorophyll -a) on arti f icial substrates protected

from shrimp, which was the opposite t rend to that encountered by Pr ingle (Pr ingle,

1996; Pringle & Blake, 1994). Further experiments using exclusion by electr icity revealed

an important role of baetid ephemeropteran nymphs as strong interactors with benthic

sediments and per iphyton (S i lve i ra  & Moul ton,  2000;  S i lve i ra ,  2002) .  Fur thermore,

there appeared to be a “trophic cascade” effect of palaemonid shrimp (Macrobrachium

ol fers i)  inhibi t ing the ephemeropterans (Si lveira & Moulton, 2000; Si lveira,  2002) .

M o d e r n  e x p e r i m e n t a l  e c o l o g y  o f t e n  u s e s  e x c l u s i o n  ( a  t y p e  o f  “ p r e s s

perturbation”) to elucidate the interactions of communities. Such perturbation always

represents an art i fact ,  and the method and design of the experiment must reduce the

col lateral  ef fects to the minimum and control  for them. The technique of electr ical

exclusion has the advantage of minimizing the changes to f low and sedimentat ion

regime while excluding the desired organisms (Pr ingle & Blake, 1994) ,  unl ike cages

wh ich  su f f e r  by  a l t e r i ng  the  f l ow reg ime  ins ide  the  cage  and  be ing  sub jec t  t o

destruction in high f low events. The electrical exclusion technique works successfully

in situations in which we have tr ied it in streams of Rio de Janeiro (Si lveira & Moulton,

2000; Si lveira, 2002).  However, the experimental design is restr icted to the number

of electr i fying devices and the situat ions in which they can be used. In the present

experiment,  we chose exclusion by cages in order to invest igate widely separated

sites and localit ies in which electrical apparatus might have suffered vandalism. The

elect r i f ica t ion dev ice ,  bat tery  and so lar  panel  o f  the e lect r i f ica t ion technique are

more obvious and attractive than underwater cages; our sites on Rio Barra Pequena

were part icularly vulnerable because of a road close by.

In the study of benthic communit ies and processes, many researchers choose

art i f ic ia l  substrates in order to reduce the heterogeneity which is always found in

na tu ra l  subs t r a tes .  Th i s  c rea tes  ques t i ons  o f  a r t i f ac t s  and  na tu ra lness .  I n  t h i s

exper iment we chose to work with natural  substrates of  stones selected f rom the

stream bed at the si tes of the experiment and we supplemented these with observations

of an art i f icial substrate – pieces of nylon mesh.

Our objective in this study was to test whether shrimp affected the quantity of

sediments and periphyton on stones and nylon mesh substrate in pools at four si tes

in two streams.

Materials and methods

Study site
We studied two streams at I lha Grande, Município de Angra dos Reis, RJ: Rio

Barra Pequena and Rio Andorinha are third order streams which flow to the sea at

either end of Vila Dois Rios, where the research centre CEADS is situated. We chose

four sampl ing points in each stream (Tab. 1 ) .  The points were associated in pairs ,

approximately 5 m apart and each pair separated by ca. 500 m. Rio Barra Pequena

has abundant atyid (Potimirim glabra )  and palaemonid (Macrobrachium olfersi )  shrimps

but  only low densi ty of  one species of  f ish (Characidium japuhybensis) .  In Rio An-

dorinha, we chose sites above the large waterfal l  which forms a barr ier to al l  f ish

species apart from Characidium ;  this stream also has high densit ies of shrimp. The
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sampl ing po in ts  were s i tua ted in  pools  wi th  s low but  not  zero cur rent ;  a l though

current was undetectable  by a current meter at the posit ion of some of the cages and

substrates (Table 1) ,  there was always visible water movement above the posit ions.

We measured water current using a current meter (Teledyne-Gurley, “Pygmy” model,

Troy, NY, U.S.A.) and depth at the position of each cage and substrate, and recorded

substrate characterist ics of the si te (Table 1 ) .

Rio Barra Pequena Rio Andorinha 

Site Bridge  Upstream Mãe D'água  Upstream 
 Point 1 2  3 4 5 6  7 8 

Current, m/sec 
          

 Closed cage 0.14 0  0.03 0 medium slow  slow slow 
 Open cage 0 0  0 0 medium slow  slow slow 
 Without cage, stone 0.03 0  0.07 0 medium slow  slow slow 
 Without cage, mesh 0.03 0  0.03 0 medium slow  slow slow 

Depth, cm  
          

 Closed cage 66 35  37 44 48 41  55 41 
 Open cage 50 49  35 31 66 55  59 67 
 Without cage, stone 43 30  33 40 58 53  36 56 
 Without cage, mesh 58 40  31 19 30 52  42 57 

Substrate characteristics 
rocks, 
litter and 
sand 

rocks, 
litter and 
sand 

 rocks and 
sand 

rocks, 
litter and 
sand 

contin-
uous 
bedrock 

rocks 
and 
bedrock 

 rocks 
and sand 

mainly 
rocks 

 

Table I :  Character is t ics  of  the points  a t  which repl ica tes of  the exper iment  were

l o c a t e d

Experimental procedure
The shr imps were excluded f rom cages 45 x 25 x 25 cm made from a wire

frame and covered with material with a mesh size of ca. 3 mm. The smallest Potimirim

could pass through this mesh, but the majority of the population were excluded. We

control led for cage effects using cages of the same material with an opening of 5 cm

diameter at either end. The cages had a zipper for access. In the third treatment, the

substrates were placed in a s imi lar  posi t ion to the other t reatments but  wi thout  a

cage. At each point we col lected stones and chose three stones, ca. 15 cm diameter

and similar in appearance and apparent colonization by algae. These were allocated

randomly one to each treatment.  They were sampled for sediments and periphyton

at the start of the experiment (day 0, 8/3/2001) and after 6 and 24 days. The sampling

apparatus comprised a 10 mL plastic syringe with a brush made from a toothbrush

fit ted to the nozzle and a circular f lange of rubber to contain the sample. The apparatus

was applied to the stone underwater, scrubbing the stone surface with the brush and

simultaneously sucking up the dislodged material. Each sample was of ca. 5 cm² of

subst ra te  a rea .  Two or  th ree such samples were taken f rom each s tone a t  each

sampling and the sampling posi t ions were marked to prevent resampling the same

posit ion. On day 0, each sample was analysed; on days 6 and 24 the samples of each

stone were pooled before analysis .

We used an indirect method for assessing sediments: we measured the turbidity

of the sample and converted this to an estimate of the dry mass of material of the

sample.  In previous work we obtained a good f i t  to a l inear re lat ionship between

turbidity and total dry mass of the sample as measured from a volume f i l tered and

dried on glass f ibre f i l ter. We measured turbidity using the nepthalometric sett ing of

a  h a n d - h e l d  f l u o r o m e t e r  ( m o d e l  “ A q u a f l u o r  8 0 0 0 ” ,  T u r n e r  D e s i g n s ,  S u n n y v a l e ,

California, USA). We measured the chlorophyll -a content of the sample directly in the

hand-he ld f luorometer  and a lso us ing spect rophotometry .  For  spect rophotometry ,

the sample was fi l tered onto a 25 mm Whattman GF/F glass-f ibre f i l ter paper, which

was maintained frozen and sealed from l ight unt i l  extracted overnight in 1 mL 90%

acetone for 24 hours in a freezer. The extract was read at 750 and 664 nm and the

concentrat ion of chlorophyll -a and pheopigments in the substrate (µg/cm2 )  calculated
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by the equat ion:  26.7* (0.7/1 .7 )*Abs[664-750]*x*V/ (v*A) ,  where Abs[664-750]  was the

cor rec ted absorbance,  x  the vo lume of  the ex t rac t  in  l i t res ,  V the vo lume of  the

or ig inal  sample (L ) ,  v the volume of  the sample f i l tered (L ) ,  and A the area of  the

sampling device in cm2   (Hauer & Lamberti ,  1996; Nusch, 1980). We did not acidify the

extract  to di f ferent iate between chlorophyl l -a and pheopigments.

We used squares of nylon mesh as substrate for algal colonization. They were

8 x 8 cm, 200 µ mesh size, and three squares were suspended inside the cages or

tethered to the stream bed depending on the treatment. They were set up on day 0

and sampled by removing one square on days 6 and 24.  We took 48 cm² of  the

square for extraction of chlorophyll -a. The squares were stored in a refrigerator unti l

extracted in 5 mL 80% ethanol  overnight  in a f reezer .  The extracts were read in a

spectrophotometer as above, except that the chlorophyll -pheopigments concentrat ion

in the ext ract  was ca lcu la ted as :  29.6* (0 .7 / 1 .7 ) *Abs[664-750]*5 /48 to a l low for  the

change in solvent (Nusch, 1980).

W e  c a l i b r a t e d  t h e  h a n d - h e l d  f l u o r o m e t e r  a g a i n s t  t h e  m e a s u r e m e n t s  o f

ch lo rophy l l -pheop igments  obta ined by spect roscopy .  For  the  measurement  o f  in -

s i tu chlorophyl l -a ,  we included the turbidi ty of the sample as a possible covar iate;

tha t  i s ,  we regressed es t imated ch lo rophy l l - a  per  a rea  aga ins t  f luorescence and

turb id i ty  o f  the sample .  Turb id i ty  d id  not  show a s ign i f icant  re la t ionsh ip ,  so we

discarded it as a factor. We then regressed chlorophyll-a per area against f luorescence

of the sample wi thout  a constant  ( in tercept )  and excluding out l iers and data wi th

large leverage to arrive at the definit ive relationship. The conversion factor, 0.00201,

was intrinsic to our f luorometer calibration and volume and area of the syringe device.

The relat ionship between f luorescence and chlorophyll -a content of the ethanol

extract of the mesh substrate was similar ly determined, except that turbidi ty of the

extract was not present. We express the result per area of mesh.

We report the estimates of chlorophyll -a obtained with the f luorometer because

the instrument appeared to be more sensi t ive at  low chlorophyl l -a concentrat ions,

and at  h igh chlorophyl l -a  concentrat ions the spectrophotometr ic  method appeared

to be non-l inear. The qualitat ive conclusions we reach are not affected by this choice

– the spectrophotometr ic determinat ions showed the same trends.

Statistical design
The experimental design was of two sample points nested within site and two

si tes nested wi th in st ream, wi th three t reatments at  each sample point .  However ,

since we were not primari ly interested in dif ferences between sites or between streams,

and since the sample points displayed as much var iabi l i ty wi th in s i te as between

sites, we treated the 8 sample points as blocks of a two-way anova of treatments x

points. We analysed the three sampling days separately; repeated measures analysis

was  inva l ida ted  by  the  d i f fe ren t  pa t te rn  o f  resu l t s  on  d i f fe ren t  days .  Da ta  were

t rans fo rmed to  loga r i thms to  homogen ize  va r iance .  The  two -way  anova  w i thou t

repl icates was performed with the GLM module of SYSTAT 7 (SPSS Inc.,  USA).

Results

During the 24 days of the experiment, there were no large rainfal l  events and the

stream condit ions were relatively constant. Shortly after the 24-day sampling a large

spate dest royed the exper iment .  On day 24 the c losed cage of  point  1  had been

removed from the water, apparently as an act of vandalism or curiosity. None of the

other cages showed signs of human disturbance.

The results of the sampling of the stones at the start of the experiment show

var iab i l i t y  o f  sub -samples  taken f rom each s tone ,  var iab i l i t y  o f  the  th ree  s tones

( t rea tments )  w i th in  sample  po in t  and d i f fe rences  be tween the  s tones  chosen a t

dif ferent sampling points (Fig. 1 ) .  We did not try to select stones to be uniform between



2 3                Acta Limnol .  Bras. ,  15(1 ) : 19-26, 2003

Figure 1 :  Mass of  sediments and chlorophyl l -a content  on stones and chlorophyl l -a content  of  mesh

substrates of  exclusion exper iment .  Sample points 1  to 4 are in Rio Barra Pequena;  5 to 8

a re  in  R io  Andor inha .  Po in ts  7  and 8  were  no t  sampled  on  day  0 .  Mesh subs t ra te  was

uncolonized on day 0.  The c losed cage of  point  1  was lost  on day 24.  Day 0 data d isplay

the standard error of  the mean of  3 samples per stone;  on subsequent days,  subsamples

were pooled before measurement (note the log scale of  the ordinate ) .

points, but tr ied to match them within points. The three stones chosen at point 5 (at

site “Mãe D’água”, Rio Andorinha) contained more sediment than those at other sites,

a  fac t  tha t  was obvious to  us a t  the t ime of  choos ing .  Ch lorophyl l -a  a lso var ied

signi f icant ly between points .

A f t e r  6  and  24  days  o f  expe r imen t ,  t he  s tones  i n  t he  c l osed  cages  had

sign i f icant ly  more sediment  than those of  the other  t reatments (P<0 .05 on day 6 ;

P<0.001 on day 24) (Fig. 1) .  The results were not uniform between points, nor consistent

between sampling days, and we cannot relate the observed variabi l i ty to any part i -

cular factor other than the natural variabil i ty of sediments over t ime and over sites.

The resul ts  f rom open cages general ly  fo l lowed those f rom stones outs ide cages,

which indicates no obvious effect of caging on sedimentat ion.

The chlorophyll-a sampled from stones on days 6 and 24 showed no associat ion

with exper imental  t reatment .

The chlorophyl l -a  ext racted f rom mesh subst ra tes was s igni f icant ly  less (2 -

way anova, P<0.01) in the closed-cage treatment compared to the others on day 24.

The trend was similar on day 6, but the result was not stat ist ical ly signif icant. The
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values for  day 24 were s igni f icant ly  h igher  than those for  day 6 ,  ind icat ing a lga l

growth between sampl ings.  Again ,  the resul ts  were var iab le between points .  The

subs t ra tes  in  the  open -cage  and  w i thou t - cage  t rea tmen ts  were  no t  s ign i f i can t l y

dif ferent,  indicat ing no cage effect .

Discussion

The experimental  resul ts imply a strong interact ion of shr imps with sediments

on rocky subst ra te  in  poo ls  and s low-moving water  in  the  two s t reams s tud ied .

When we excluded shrimp, sediments accumulated more compared to rocky substrate

that was exposed to shrimps. I t  is unlikely that this difference was an art i fact of the

exper imental  method. We could expect there to have been di f ferent  sedimentat ion

inside the cages compared to outside, due to the altered water current produced by

the mesh of the cages. Because the 5 cm openings of the open cages were only a

small fraction of the total area of the mesh of the cages (<0.01%), we expected that the

sedimentat ion environment inside both types of  cages would be very s imi lar .  The

results show that sediment on stones was more similar (and not signif icantly dif ferent)

between s tones in  open cages and s tones wi thout  cages compared to  s tones in

closed cages. Thus the “cage effect” on sedimentation was apparently small and the

effect of caged out shrimps was large.

We cannot attr ibute this phenomenon to ei ther one or the other of the shrimp

species, but suspect from the visible abundance of Potimirim on cages and substrate

that this species rather than Macrobrachium was primari ly responsible for the effect.

Pot imir im,  as wi th other members of  the fami ly Atyidae,  has modi f ied chelae wi th

abundant long setae which are used to sweep detr i tus towards i ts feeding appendages.

Macrobrachium on the other  hand has chelae adapted for  p ick ing up objects  and

does not sweep the substrate in the same way as Potimirim .

The result was dif ferent to those of electr ical exclusion experiments conducted

at the si te Mãe D’água on Rio Andorinha (Si lveira & Moulton, 2000; Si lveira,  2002) ,

where baetid ephemeropteran larvae have been shown to be important agents in the

remova l  o f  sed iments  and per iphyton ,  ra ther  than shr imps .  We suspect  tha t  the

d i f fe rence was due to  the  depth  and cur ren t  ve loc i ty  o f  the  e lec t r ica l  exc lus ion

experiments, which were conducted at points which were more shallow (3 to 30 cm)

and with faster current (0.2 – 0.4 m/s) ,  in which condit ions ephemeropterans were

abundant and Potimirim rare. Points 5 and 6 of this study were at Mãe D’água, but in

deeper locat ions with slow or undetectable current (Table 1 ) .

The response of the periphyton, as evidenced by chlorophyl l -a,  was dif ferent

to those reported for atyids (Atya lanipes )  in Puerto Rico (Pringle & Blake, 1994) and

Costa Rica (Pringle & Hamazaki, 1998), which tend to reduce the quantity of periphyton

by thei r  foraging act iv i t ies ( in previous observat ions,  Pr ingle et  a l . ,  1993,  reported

enhancement of periphyton by atyids). We observed no signif icant difference on stones

and s igni f icant ly  more chlorophyl l -a  a t t r ibutable to the act ion of  shr imp on mesh

substrate (Fig. 1 ) .  This corroborated the earl ier cage experiment (Siviero & Moulton,

1998) which also used mesh substrate, but not stones. We cannot dist inguish between

two hypotheses for th is resul t :  ( i )  sediments that accrue in the absence of shr imp

inh ib i t  pe r iphy ton  (B iggs ,  1996 ,  c i t es  cases  in  wh ich  pe r iphy ton  i s  inh ib i ted  by

sediments) ,  ( i i )  ephemeropterans act more strongly as herbivores in the absence of

sh r imp,  as  seen in  o ther  exper iments  (S i l ve i ra  &  Mou l ton ,  2000 ;  S i l ve i ra ,  2002 ) .

E p h e m e r o p t e r a n s  w e r e  a b u n d a n t  a t  a l l  s i t e s ,  h o w e v e r  w e  c o u l d  n o t  o b s e r v e

ephemeropterans inside the cages and, because they are qui te mobi le ,  they were

impossible to sample on mesh substrate or within the cages (an advantage of the

electr ical exclusion technique is that i t  permits direct observat ion of the substrate) .

We offer no explanation of the difference in behavior of the two substrates, but note

that the chlorophyll -a concentrations on stones were much more variable in t ime and

space than those on the mesh substrates.
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