
» í í

J. exp. mar. Biol. Eco/., 1982, Vol. 56, pp. 23-31 
Elsevier B iom edical Press

23

FAUNISTIC CONTROL OF ENTEROMORPHA  BLOOMS: 
A FIELD EXPERIMENT

R. M . W a r w i c k , J. T. D a v e y , J. M. G e e  a n d  C. L. G e o r g e

Natural Environm ent Research Council, Institu te  fo r  M arine Environm ental Research, Prospect Place,
The H oe, Plym outh, U.K.

A bstract: G obies, Pom atoschistus m icrops (K royer), were in troduced  to  a series o f  cages on  an estuarine 
m ud-flat during  the period  in w hich the cover o f  Enteromorpha  sp. was declining. T hey fed selectively 
on the grazers w hich e ither ingested Enteromorpha  directly  or brow sed on m icro-organism s attached  to 
it and , therefore, significantly affected  the breakdow n rale  o f  th e  alga. It is suggested th a t the balance 
betw een g razers and  their p red a to rs  m ay be a t least partia lly  responsib le fo r the irregu lar developm ent 
o f  Enteromorpha on estuarine m ud-fla ts from  year to year.

T he deve lopm en t o f  the green alga Enterom orpha  spp. on  estuarine  m ud-fla ts  has 
a p ro fo u n d  effect on  th e  general ecology o f  estuaries (e.g. O w ens e t al., 1978; 
N icho lls  et al., in  press). A b lo o m  o f  E nterom orpha  occurs as a  m o re  o r  less dense 
covering  on  m u d -fla ts  in  the L ynher estuary , C o rnw all, U .K . in certa in  sum m ers 
b u t n o t in o th e rs , a n d  in som e years m ay reach  a b iom ass o f  « 2 5 0  g d ry  w t -m -2 
(Jo in t, 1978). T h is sp o rad ic  occurrence has also  been n o te d  in o th e r  areas , and 
developm ent o f  th e  b loom  h as  been  a ttr ib u te d  largely to  env iro n m en ta l fac to rs such 
as clim atic  co n d itio n s  or n u tr ie n t ru n -o ff  from  the  lan d  (W ilk inson , 1980; N icholls 
et al., in press). H ow ever, experim en tal evidence is beg inning  to  accu m u la te  to 
suggest th a t g raz ing  o rgan ism s, p articu la rly  C rustacea , m ay  p lay  an  im p o rta n t role 
in  the  b reak d o w n  o f  m a c ro p h y te  m ateria l, e ither d irec tly  by m ace ra tio n  and  
ingestion  (W elsh , 1975) o r  ind irectly  by  feeding on  a ttac h ed  m icro -o rgan ism s thus 
keeping them  in th e  log -phase  o f  g row th  an d  acce le ra ting  m icrob ial deg rad atio n  
(L opez et al., 1977). T he ques tion  arises, the refo re , as to  w hether such grazers, in 
the  n a tu ra l densities a t  w hich they  occu r in the  field , can  sign ifican tly  affect the 
rela tive ra tes  o f  g row th  a n d  b reak d o w n  o f  Enterom orpha  an d  thus p lay  a ro le  in 
co n tro llin g  th e  m ag n itu d e  o f  the  b loom .

F ield  m a n ip u la tio n s  h av e  show n th a t g razers o n  rocky  shores, p articu la rly  
g as tro p o d s  a n d  lim pets , p lay  a n  im p o rta n t ro le  in co n tro llin g  algal developm ent 
(see U n d erw o o d , 1980, fo r recen t review ). Such experim en ts involve rem oval o f 
a lgae o r g razers from  experim en tal sites a n d  subsequen tly  e ither enclosing or 
excluding the  g razers w ith  cages o f  vario u s form s. P o ten tia l g razers such  as shrim ps, 
a m p h ip o d s  a n d  juven ile  c rab s cou ld  n o t be cleared  from  am o n g  the  s tran d s  o f
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E nterom orpha  on  the  L ynher m u d -fla t w ith o u t destruc tive  sam pling  o f  the  alga, o r 
a t best causing  severe d istu rbance . A s P om atosch istu s m icrops  is a n  efficient 
p re d a to r  o f  ep iben th ic  C rustacea, o u r  a p p ro a c h  has been to  re ta in  these  gobies in 
field cages in  nu m b ers  m uch  g rea ter th an  n a tu ra l  densities in  o rd e r  to  co n tro l the 
n u m b ers  o f  g razers w ith  the m in im um  o f  d is tu rb a n ce . W e have co m p ared  the  
p e rfo rm an ce  o f  Enterom orpha  in these cages w ith  th a t in co n tro l cages w ith o u t 
gobies. P ro b lem s o f  in te rp re ta tio n  o f  resu lts  arising  from  th e  physical effects o f  
cag ing  (V irnstein , 1978) a re  p artly  e lim inated  b y  co n tro lled  experim en ts o f  th is  kind.

M e t h o d s

T h e p eak  o f  the  Enterom orpha  b loom  in th e  L ynher usua lly  occurs in S eptem ber 
(Jo in t, 1978). C ages w ere set o u t on  S ep tem b er 13, 1979, a t  a  site n ear A n to n y  in 
the  L ynher e s tu a ry  (described by W arw ick  &  P rice, 1975). T h e  base o f  each  cage 
consisted  o f  a  sq u a re  a lum in ium  fram e 300 m m  high , enclosing  an  area  o f  0.2 m 2, 
p ushed  in to  th e  m u d  so as to  leave 50 m m  a b o v e  the  m u d  su rface : a w ooden  fram e 
250 m m  h igh , covered  in nylon m esh w ith  2 -m m  ap e rtu re s , w as clipped  to  the top  
o f  each  base (F ig . 1). E ight cages, each 2 m  a p a r t ,  w ere a rran g e d  in a 2 x 4 array .

D r a i n a g e  h o l e j  

M u d  s u r f a c e  :

A l u m i n i u m  b a

Fig. 1. Sketch and  cross-section o f an enclosure.

A d u lt gob ies w ere cau g h t by  se ine-netting  c lose  by, a n d  30 an im als  w ere p u t  in the 
w ater re ta in e d  by th e  base o f  each o f  four cages in one row  a fte r they h ad  been 
covered by  one tide. T h e  rem ain in g  fo u r cages ac ted  as co n tro ls . T h e  gobies were 
all «¿35 m m  s ta n d a rd  length  w ith  an  ind iv id u al w et w eight o f  «¿0.5 g. T he cages 
w ere visited  freq u en tly  to  keep the  m eshes free o f  loose Enterom orpha  an d  to  rem ove 
an y  dead gobies, w hich w ere n o t rep laced . T h e  experim en t w as te rm in ated  after 
4 w k. T o  de te rm in e  th e  te rm inal densities o f  various faunal com p o n en ts  an d  the
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b iom ass o f  Enterom orpha  on  the  m ud  surface th e  follow ing sam ples w ere taken 
fro m  the  cages.

(1) T hree  4.9-cm 2 sed im ent co res taken  a t  ra n d o m  for analysis o f  m eio fauna 
(nem atodes, h arp ac tico id  co p ep o d s, o stracods, k in o rh y n ch s, Protohydra leuckarti 
G reef). O nly  the  copepods w ere identified  to  species level, because th is w as the only 
g ro u p  w hich fea tu red  sign ifican tly  in the  d iet o f  the  gobies.

(2) Tw o 30-cm2 sed im ent cores ta k en  a t  ra n d o m  for analysis o f  sm aller annelid  
m a cro fa u n a , M anayunkia  aestuarina  (B ourne), Fabricia sabella  (E hrenberg), 
Streblospio shrubsoli (B uchanan), Pygospio elegans C laparède, P eloscolex benedeni 
(U dekem ) a n d  o th er o ligochaetes.

(3) T h o ro u g h  h an d -n e ttin g  o f  the  w hole cage a re a  w ith a  sq u a re  fram ed  ne t o f 
fine m esh to  collect th e  gobies, ep ifau n a l in v e rteb ra te s , an d  Enterom orpha. T h e  gut 
co n ten ts  o f  the  larger ep iben th ic  C ru stacea  asso c ia ted  w ith  Enterom orpha  ou tside 
the  cages d u rin g  the experim en t an d  o f  th e  caged gobies (after p rese rva tion  in 
fo rm alin ) a t  th e  end  o f  the  experim en t, w ere exam ined  in the la b o ra to ry  a n d  the 
dry  w eight o f  the surface E nterom orpha  w as determ ined . Because o f  the  sm all 
nu m b ers  o f  m any  o f  the taxa in  each  core , it w as felt necessary  to p o o l the  cores 
from  each cage an d  ca rry  o u t a  tw o sam ple M est w ith  four ob se rv a tio n s in  each 
g roup . F o r  n em atodes, h a rp a c tic o id s  a n d  M . aestuarina, how ever, sufficient 
n u m b ers  w ere p resen t to  a llow  a full 2 -facto r m ixed m odel analysis o f  variance 
(A N O V A ) sep ara tin g  o u t v a ria tio n  betw een sim ilarly  trea ted  cages from  v aria tion  
betw een cores w ith in  cages.

R e s u l t s

E N T E R O M O R P H A

D u rin g  the  course o f  th is ex perim en t the surface Enterom orpha  d isappeared  from  
th e  m ud-fla t as well as from  the  fo u r co n tro l cages, a lth o u g h  som e w as still p resen t 
bu ried  below  the m ud  surface. A ll fou r goby  cages, how ever, still co n ta in ed  a 
lu x u rian t g row th  o f  8.85 g dr> w t -m -2 o f  su rface  Enterom orpha  (T able I). T h is was 
the m ost im m ediate ly  obv ious a n d  d ram a tic  resu lt o f  the experim ent.



26 R. M. W A R W IC K  E T A L .

T a b l e  I

B enthos: m ean ( ± s d ) o f  num ber o r weight per cage (0.2 n r )  a t te rm ina tion  o f  the experim ent and 
values for S tuden t’s t : *, P  < 0 .05; n .s., no t significant {P > 0.05); N .A ., n o t applicable.

G oby  cages C on tro l cages t (d.f. 6)

Surface
Enteromorpha 1.77 ± 0 .4 3 0 N.A.
(dry w t g)

M eiofauna
(no. X 1000)
N em atoda 1116 ±  165 1145 ±  162 - 0 .2 5  n.s.
H arpacticoids 59 ±  14 84 ±  16 -2 .3 6  *
Protohydra leuckarti 3.6 ±  1.6 5.1 ± 3 .8 —0.73 n.s.

Small annelids
(no. X 1000)
M anayunkia aestuarina 62 ± 2 5 55 ±  16 0.47 n.s.
Fabricia sabella 4.5 ±  1.0 4.7 ± 2 .2 -0 .1 7  n.s.
Streblospio shrubsoli 6.0 ± 4 .2 7.3 ± 3 .2 -0 .4 9  n.s.
Pygospio elegans 0.8 ± 0 .5 1.0 ± 0 — 0.80 n.s.
Peloscolex benedeni 2.8 ± 2 .9 2.3 ±  1.3 -0 .3 1  n.s.
Oligochaetes 13 ± 0 .5 14.5 ± 2 .1 -1 .3 9  n.s.

Epifauna
(no.)
“ Small”  P. microps. 0 6.8 ±  3.9 N .A .
Crangon crangon 0 5.3 ± 3 .3 N.A.
Palaemon serratus 0 45.2 ±  73.3 N.A.
Carcinus m aenas 8.8 ±  5.2 11.8 ± 7 .6 -0 .6 5  n.s.
Chaetogam marus marinus 64 ± 4 9 72.8 ± 5 5 .7 -0 .2 4  n.s.

B E N T H IC  F A U N A

T he resu lts o f  the  A N O V A  fo r h arp a c tic o id  copepods are  given in T ab le  II in 
w hich p a r t A show s th a t th e re  w as no  sign ifican t d ifference betw een cages w ith in  
trea tm en ts. It w as, th e re fo re , ap p ro p ria te  to  fo rm  a new  A N O V A  tab le  (p a rt B) 
w ith  a poo led  residual, to  te s t fo r tre a tm e n t effects. I t  can be seen th a t the  difference 
in  num ber o f  h a rp a c tic o id s  in  the  goby  a n d  co n tro l cages is significant fo r P  <  0.05. 
T his process w as rep ea ted  fo r n em ato d es a n d  M anayunkia  aestuarina  coun ts  b u t 
there w as no  significant d ifference betw een trea tm en ts . T w o sam ple t-tests on  the 
o th er m eio fauna a n d  sm all an n e lid  species ind ica ted  th a t there was no  difference 
between trea tm en ts . T h e  m o st strik ing  differences w ere fo und  in the  term inal 
p o p u la tio n s  o f  vario u s ep ifau n a l species, n o ta b ly  Crangon crangon  (L .), Palaemon  
serratus  (P ennan t) an d  sm all “ O ” g ro u p  gobies ( < 2 0  m m  long) w hich w ere absen t 
from  the goby cages a t the  end  o f  the experim en t (T able I). A lth o u g h  the re  w as no 
significant d ifference betw een the n u m b ers  o f the am p h ip o d  Chaetogam m arus  
marinus (Leach) in  the goby  a n d  co n tro l cages, there was a m arked  difference in



T\BLE II

A N O V A  for harpactico id  copepods in cores from  goby an d  con tro l cages: *, P < 0 .0 5 ;  n.s., not
significant.

A . Source SS d.f. MS F  ratio

T reatm ent 23126 1 23126
Cages 24296 6 4049 1.3 n.s.
Residual 48770 16 3048
T ota l 96193 23 -

B. Source SS d.f. MS F  ratio

T reatm en t 23126 1 23126 6.96 *
Pooled residual 73066 22 3321
Total 96193 23 -
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Fig. 2. Size frequency h istogram s o f  Chaetogam marus marinus in goby and  contro l cages.
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the  size s tru c tu re  (Fig. 2) o f  the p o p u la tio n s , p resu m ab ly  the  resu lt o f  size-selective 
p red a tio n  by the fish.

G U T  C O N TE N TS O F  G O B IES

In  all, 80 gobies w ere rem oved  from  the tre a tm e n t cages a t the end  o f the 
experim ent. T ab le  III show s the  p ercen tage o ccu rren ce  an d  num ber per fish o f 
vario u s food  item s in the w hole g u t o f  38 o f these. A m ong  the m eio fauna,

T a b l e  III

G u t contents o f  38 caged gobies a t the term ina tion  o f  the experim ent.

% occurrence
M ean num ber o f  

item s per fish

M eiofauna
N em atoda 15.8 0.29
H arpacticoidea 86.8 29.50
O stracoda 7.9 0.18

Annelida
N ephtys hombergi 5.2 0.05
M anayunkia aestuarina 63.9 9.90
O ligochaeta 2.6 0.03

E pifauna
C aridea 5.2 0.05
Chaetogammarus marinus 52.6 0.74
M ysidea 5.2 0.08
Fish 2.6 0.03
Cyprid larvae 44.7 3.90
Isopod larvae 2.6 0.03

O ther
F ilam entous green algae 21.0
Inorganic detritus 63.2

h arp ac tico id  copepods w ere con su m ed  p referen tia lly  in com parison  w ith  the  o ther 
taxa. C om parison  o f  the  nu m b ers  in the gu t w ith  the num bers in the cage sam ples 
ind icated  th a t n o t all species o f  co p ep o d s w ere taken  w ith equal p reference, the 
o rd e r  being algal-dw elling  species > e p ib e n th ic  species >  bu rrow ing  species. The 
algal-dw elling  H arpacticus  sp. com prised  15% o f  the to ta l num bers o f  copepods in 
the  guts, b u t their rela tive ab u n d a n c e  in the cages was <  1% o f  the  to ta l p o pu la tion .

T h e  sm all sabellid  po lychaete M anayunkia  aestuarina  w as num erically  p ro m in en t 
in the  diet, and  the ep iben th ic  c ru stacean s Crangon crangon , Palaem on serratus  and 
C haetogam m arus m arinus w ere v o lum etrica lly  im p o rtan t. Sm all m ysids w ere also 
p reyed  u pon  by gobies b u t it is possib le  th a t these organism s cou ld  have passed
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th ro u g h  the  2 -m m  cage m esh because, a t  the  en d  o f  the  experim en t, they  w ere absent 
fro m  the  co n tro l cages as well as those  co n ta in in g  gobies.

G U T  C O N T E N T S  O F  E PIB E N T H IC  C R U S T A C E A N S

T h e  ap p ro x im ate  m ean vo lum e o f  id en tif iab le  s to m ach  co n ten ts  o f  ep iben th ic 
c ru stacean s collected  from  Enterom orpha  d u r in g  O cto b e r 1979 was estim ated  
v isua lly  by d issection  under th e  m icroscope. In  all species the  gu t co n ten ts  were 
fo u n d  to  co n ta in  a  high percen tage o f  the  p a re n ch y m a to u s  tissue o f  Enteromorpha  
(T ab le  IV).

D i s c u s s i o n

It m ay  be argued  th a t increased  n u tr ie n t levels in the g oby  cages, caused  by either 
d is tu rb an ce  o f  the sed im ent o r excretion  o f  N H 4-N by th e  gobies could  be resp o n ­
sib le for co n tin u ed  Enteromorpha  g row th  in these  cages. D ifferences in  nu trien t 
levels betw een the cages seems unlikely , how ever, as the  cages w ere flushed  by the 
tides every 6 h. F u rth e rm o re , in  su b seq u en t experim en ts o f  the sam e k ind (per­
fo rm ed  w hen Enteromorpha  w as n o t p resen t on th e  m udfla t) m easurem ents o f 
N O 3-N  an d  N H 4-N  levels in the w ate r re ta in ed  by the cage bases a t  the end  o f  their 
exposu re  period  failed to  reveal sign ifican t d ifferences betw een co n tro l an d  tre a t­
m e n t cages. O n a  w ider basis it seem s c lear f ro m  the d a ta  o f O w ens et al. (1978) 
th a t  the  decline o f  Enteromorpha  in  la te  su m m er is n o t due to  n u trien t lim itation. 
T hese  a u th o rs  fo u n d  no  red u c tio n  in N 0 3-N  a n d  N H 4-N  in the  w ater co lum n o f 
th e  E den  es tu a ry  a t th is tim e a n d  M o rris  e t al. (1981) m ade  a sim ilar observa tion  
in the  T a m a r-L y n h e r  E stuary  system . T hese  la tte r  a u th o rs  also  observed  tha t 
p h o sp h a te  levels do  n o t decrease d u rin g  th is perio d .

T h e  o rgan ism s w hich affect the  b reak d o w n  ra te  o f  Enterom orpha  a re  those  w hich 
m ace ra te  a n d  ingest the weed d irectly , as well a s  those th a t feed on  m icro-organism s 
a tta c h e d  to  the  weed. W e have show n th a t  the la rger ep iben th ic  crustaceans 
( Crangon crangon, Palaemon serratus , C haetogam m arus m arinus  a n d  “ O ” group 
Carcinus m aenas  (L .) all fall in to  the fo rm e r category , an d  we assum e th a t the 
h a rp a c tic o id s  H arpacticus  sp. a re  m ic rob ia l b row sers. T h e  in tro d u c tio n  o f  gobies, 
w h ich  are  selective p red a to rs  on all o f  these  species (except Carcinus m aenas), 
sign ifican tly  affected  the b reak d o w n  ra te  o f the  w eed. T h e  red u c tio n  o f  grazing 
p ressu re  on  the Enteromorpha  m ay  n o t sim ply  be a  resu lt o f  d irec t ingestion o f  the 
g razers by the  gobies, b u t in ad d itio n  the  gobies, in the ir c o n s tan t p u rsu it o f  prey, 
m ay  d is tu rb  th e  g razers an d  thus in h ib it th e ir  feeding activity . In this case the  grazers 
w ere responsib le  fo r the b reakdow n  o f  8.9 g d ry  w t - m -2 o f  Enterom orpha  (i.e. the 
w eight in the goby cages) over the  4-w k p e r io d  o f  the study. I f  Chaetogam m arus  
m arinus  a n d  Carcinus m aenas h a d  been rem oved  com pletely  from  the goby  cages, 
th is value m ay well have been higher. W e th ere fo re  suggest th a t the balance between
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grazers an d  th e ir  p red a to rs  m ay be a t least p a rtia lly  responsib le  fo r th e  variab ility , 
fro m  year to  year, in  the  developm ent o f  E nterom orpha  on estuarine  m ud-flats.
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