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ABSTRACT  The  sheltering  behavior of  the tropical freshsvater ciehlid,  Petmctochromis
Puicher, was  analyzed  using  opell rectangular  glass boxes  having  opaque  Cblack or  white}

andlor  transparent  wa]ls.  The  tendency  for the  fish to stay  in shelters  was  greater as

the  number  of black opaque  walls  increased. Among  shetters  having  an  equal  number  ef

opaque  walls,  the  sheltering  ratio  was  higher  when  the ceiling  was  opaque  (Exp. I). In
another  experiment  (Exp. II), she]ters  having one  opaque  Cblack or  white)  wall  were  illu-
minated  vertically  frem above,  or  horizontarly. Results showed  that there are  at ieast
three  visual  cues  inyeh,ed  in this behavior  : (i) sheltering  behas,ior was  greater when  the

opaque  xvalT  was  brack rather  tham  white  Cbiachness'>, Ui) in tbe  case  of  horizental illu-
mination  through  the  shelter  openLng,  the  tendency  to stay  inside the  shelter  was  greater
vvhen  the  side  wall  was  epaque  rather  than  transpar･ent  Cvisuat isoiciion'), and  (iii)
sheltering  behavior occurred  more  frequently xs,hen  the  she[ter  previded  shade  as  opposEd

to when  it did not  Cshading'). {lool. Mag,  89:  l18-124,  19801

   Some  fishes such  as  eels  (Teichmann, 1959)
and  blennies (Phillips,1974;1977) enter  tubular

objects  and  stay  there.  Their behaviar  does not
seem  to be due to fear, because  they  behave  se

even  when  they  are  not  in immediatedanger,  In
these fishes, sheLters  may  play a  ro]e  as  the

center  of their  territory  or  as  a  defense  agalnst

predators. ]n spite  of  the  possible importance

for sur, viyal,  their  sheltering  behavior  has  not

received  rnuch  attention.  HeMgenberg  c.1964)

published an  extensive  description and  some

experimenta[  anatyses  of  the  instinctis,e be-

havior of  a  typical  sheltering  cichlid  Pelmato-

chro}nis  suboceitcius  ltribensi's. howeyer,  he did
not  ref:r  to its shettering  behayior.

   Teichmann  (1959) made  use  of the shelter-

ing behavior in the  eel  to examine  its Learning

ability,  and  Yamagishi  et  at,  (1974) studied  the

social  retations  in a population  of  e]eotrid

gebies  using  a shelter  as  a refuge.  RecentLy
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Phillips (1974, 1977) researched  the relationship

beaveen social  behavior  and  the  use  of  space

in the  blenny, a  sheltering  species.  Although

there  has been  inuch  concentratien  on  the ac-

tual  she]tering  behayior  in these  fishes, few

studies  haye  been  performed  on  the  sensory

mechanisms  underlying  this  behavior, except

for some  studies  cn  the eel {Watanabe et  at.,

1969) and  a  tropical  cichlid  (Watanabe &  Te-

rami,  1973, 1974; Terami  &  Watanabe, 1974,
1978),

   According  to our  observations,  the  tropical

freshsvater cichlid  Pehnatochromis  pulcher,

prefers a  partlculart),pe of  shelter  when  many

types  of  shelter  are  available.  NVhat charac-

teristics  of  the  shelter  determine the  preference

towards  that shelter?  This prob]em  led us  to

a series  of experiments  designed  to analyze

the  sensory  mechanisms  inyolyed in fish be-

havior.
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          Material  and  Methods

   Animals  used  in the present, study  were

the tropical fr･ eshwater  cichlids  PeiinGtochroims

(subgenus Petvicachremis) PutcherB') (Register

number  to British Museum  / BM  NH,  1976, 3,

31. 1-6), In a  tank,  the  cichlids  often  settle

on  the bottQm  or  stay  suspended  in the  "rater

near  the bottom  with  slight  rhythrnlcal  motions

of thejr pectoral and  dorsal fins.

   The  experimental  fish were  reared  in

groups  of  four to five in tanks  90× 30 × 45cm

deep  under  constant  aeration  and  a coRtrol]ed

temperature  between  23.0" and  26.0'C. The

bottoms of  the  tanks  were  covered  with  white

gravel in which  some  aquatic  p]ants were  root-

ed. The  fish were  fed peHeLs  dai]y, Ali the
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fish were  individually identified by the  number,

size  and  position  of  black spots  op  their  doTsa!

and  caudal  fins.

    A  variety  of open  rectangular  boxes made

of  various  cembinataons  of  opaque  (black- or

white-enameled)  andfor  transparent  4 × 8cm

glass plates were  employed  as  shelters  (Fig.
1). The  twelve  types of  shelters  used  in Exp.

I conslsted  of  black alid!or  transpare"t  ",alls,

]n Exp. II, shelters  having one  epaque  (btack

or  svhite)  and  three  transparent  walls  were

placed  in the  tank  so  that  the  opaque  waU  was

located in the  position  of cei]ing,  side  wall  or

floor of the  shelter,  NVhen  a  shelter  with  a

black ceiltng  :vas  used,  the situatien  was  labeL-

ed  Be. The  other  situatiens  were  labeied Bs,

Br, "i,, W,  and  Wf  in regard  to coler  (blackl
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       Fig, 1. Twelve  shelters  haying  black-enameled andlor  transparent  walls  used  
in

          Exp. I. Si, S･]-S4, Ss-Ss and  Sp-Sii and  Siz are  the  shelters  having  4, 3, 2, 1

          and  no  opaque  (black) walls,  respective]y.

                                              white)  and  position (cei]ing/sideffloer) of the

I) AEcording  to personai communication  with  epaque  svaii,

  Dr, P.H.  Greenwood  of the Britlsh Museum  A  fish was  put into an  experimental  tank

  (Natural History), some  species  oameS  in the  16 × 3ox20cm  deep  and  a  shelter  was  gently

  genus  Peimatochromis have  recentlY  been placed in the center  of the  tank  bottom･  In

  altered,  The  fish that had  been  described
                                              most  cases  the fish entered  the  shelter  at onee

  as  P, feribensis in our  preyious  reports  CTe- , .
                                              and  stayed  in  it.  The  fish periodical!y left the
  rami  and  zz'atanabe,1974; Watanabe  and  Te- .

  rami,  1973, 1974) was  identified by bim as  Shelter,  patrolted  around  
it
 
and

 
re-entered

 
it,

  Petmatochremis (subgenus Petvicacizromis) The  frequency of  leaying the shelter  was  fairly

  pulcher B, constant  overalong  time, Even if the  fish
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did not  immediately  enter  after  intreduction of

the  shelter,  it entered  at once  when  it was

gentl}' nudged  with  a  small  glass  rod.  "'hen

the fish entered  shelters  that  seemed  to have

no  value  as  a  refuge,  e,g.  a transparen[  shel-

ter, it ]eft soon  and  Tarely  re-entered  the
she]ter.

   From  one  minute  after  putting the shelter

}nto  the  tank,  the presence  of the  fish inside
or  outside  the shef[er  was  recorded  ten  times

at  1-minute  interval and  the yalue  ebtained

was  divided by･ le, Thls  figure was  referred

to as  the sheitering  ratio  and  the  ratios  were

averaged  for each  shel[er.

             Experiment  I

   The  tendenc},  for this cichlid  to st-ay in
shelters  is yery  streng,  and  evell  when  a shel-

ter conta]mng  a  fish is moved  tosvards  the

surface  ef the  ",ater.  the fish remains  inside

the  meving  shelter  and  does  not  leave unti]

the  shelter  leaves the  water.  In Exp.  L the

effect$  ef  the  number  and  position Df  btack

    10

o  e.s-m"

   O,6o=L--mo.4m=co

   O.2

    o

oi･t

Kot:DA

v

  AND  H. TER."tl

opaque  wal[s  in a shelter  on  the  sheltering  be-

havior -'ere  investigated.

blethod

   T"'enty-four  mate  cichlids  6.7 te 7,7cm  in
total lengtb  "'ere  tested  for each  of  twelye
types  ef shejters  Si--Si2, Tanks  "'ere  i]luminat-
ed  from  above,  with  the intensit], being 1960
]ux at  the  bottom  of the  tank.

   The  relationship  bet}veen the shelteTing

ratio  and  the  type  of  shelter  was  analyzed  us-

ing the  Friedrnan two-way  analysis  of variance

CSiege[, l956, p, 166-172). and  the  difference

between  the  shelterimg  ratios  were  analyzed  by
means  ef  the Wilcoxon matehed-pairs  signed-

ranks  test  Ctwo-taited) (Siegel, i956, p. 75-83)

using  data obtained  from  individual fish,

Results  and  discussion

   The  results  ef  Exp.  I are  shosvn  jn Fig, 2.
Friedman's  test sho"'ed  that the  sheltering

behai'ior was  stTong:y  correlated  with  the  t}'pe
of  shelter  <S-134,288, P<O.OOI), "'hile  it "'as

not  corretated  with  the individual used  (S'='

i

i+
o

Fig.

          Sl S2 S3 S4 S5 S6 S7 S8 S9 SIO SII S12

                   Type of shelter

2, Sheltering  ratios  (lmean]gtS,E.) of  24 fish in sheLters  S]-Su under

i]luminatien from  above  in Exp,  I, Si, SLrSg, Sj-Ss, Sg-Sll and  St? are

4-, 3-, 2-, 1･･ and  no-opaque-wal]ed  shelters.  respectively,
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Table  1. The  WiLcoxon's  statistic  {i'"), T) calcu]aled  between  the shettering  ratios  of

    the  fish in Exp.  Iin the VLrilcoxoR matehed-pairs  signed-ranks  test, dla):between

    3-opaque-wal[ed shelters.  Cb) : between  2-opaque-walled ones.  (c) : between  I-opaque-

    wailed  ones.  <'i' : the  pumber  Df matched  pairs minus  the  number  of  pairs whose

    d=-O. T:  the smaller  sum  ef the  same-signed  ranks,  Symbols  
'
 and  

"
 represent

    the  significances  at  O.e5 and  O.Ol levels (two-tailed), respectiyely.

   (a> (b}

           S2 Sl

         

         Sl 
                   

                                       Ss

    Cd

            S. Ea

Sn

27,157, P>O,10).

   The  she]tering  raties  in a]}  shelters  except

the  transparent  one  were  much  larger than  the

probability calculated  on  the  basis of  the  ratio

of  the  area  of  the  sheLter  bottom  ta that of

the tank  bottom (32,X480=O.e67) ,

   The  sheitefing  ratio  became  greater  in gen-

era],  as  the  number  of  black opaque  ",alls  in-

creased.  Amo]g  shelters  baving  an  equal  num-

ber of  opaque  waHs,  the  ratio  markedly  in-

creased  when  the  ceiling  suas  opaque/  S2, S,i

ln 3-opaque-walled shelters,  Ss, S6 in 2-opaque-

walled  ones,  and  Ss in 1-opaque-wa]led  ones

(Table 1),

    It should  be noted  that  the  sheltering  ratio

in the  transparent  shelter  {O.021>  "'as  lessthan

the  ratio  of the  area  of  shelter  bottom  to the

area  of tank  bottom  (O,067>, This  suggests

that the transparent  shclter  pla}'g no  role  as  a

refuge,

              Experiment  II

    Experiinent  I showed  that  under  illumina-

tion  from above  the she[tering  ratio  was  great-

er  when  the  ceiling  of the  she]ter  was  opaque
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(black), This condition  containsat  least three

physical facters that may  possibly induee  shel-

tering  behavior: (i,) the ceiling  was  black

(`blacltness: factor), (ii'} the  ceiling  visually

jso]ated the inslde of the  s,he]ter  from above

(fviseral isoiatien' facter), and  (iii) the  ceiling

shaded  the shelter  from  1:,ght ceming  from

above  Cshading' factor). Experiment  II was

intended to test  "rhether  or  not  these  three

possible  factors in fact serve  as  visua]  cues

for sheltering  bchayior.

Method

   Shelters haying three  transparent  wa-s

and  one  black- or  white-enameled  wall  were

used,  The  shelters  were  illuminated from

above  or horizontaliv with  a  20 YSr fluorescent

bulb (6ecm ln Iength>, Thedistance  from  the

bulb  to the  shelter  "ras  30cm  upder  all  concli･

tions  and  the  intenslty of  illurnination at  the

center  of  the  shelter  bottom was  100 lux, A

preli]ninary observation  collfiTmed  that  the  be-

havior  of  the  fish under  100 lux illumination

was  similar  to  that  under  1960  Iux illumiaation

used  in Exp,  L It has also  preyiously describ-
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ed  that  the  critical  illumination under  whieh

she]tering  behavier occurs  was  between  O.8
and  O,2 lux and  that  the  behas'ior under  the

former  level of illumination was  similar  to that

under  daylight (Teranii &  Watanabe, 1974).

   In Exp, II A, shelters  "'ere  Hluminated
through  the shelter  epening  when  1{t horizon-

ta]ly, thus,  no  shade  was  provided. In Exp.  II

B, the light source  syas  placed so  as  to face

an  opaque  side  "'all  (either black or  "'hite),

shading  the  fish from  the  ll,ght,

   Thirty-six fish {24 males  and  l2 females)
rangiRg  from 4.5 to 7,7cm  were  tested for

each  condition,  Since there were  no  apparent

differences due to sex  as far as  sheltering  "'as

ceneerned,  the  data  ebtained  from  both sexes

were  poeled.  The  data Nyere  analyzed  using

the  "'ircoxon matehed-pairs  slgned-ra"ks  test

dltwo･taiLed),

Ilesults and  discussion

   A.  Figure 3 shows  the results  of

A. More  fish stayed  in biack-fioored
than  in white-floored  ones  uoder  both

{BJ: Wf,  
'n
 
=-,-32,

 T=16,  P<O,OD  and

 Exp,  II

sheltersvertical

horizoll-

Ko-oA  .t]gD  H, TER.as"

tal (Br, Wx,  n=18,  T=28,  P<O.Ol) illumina-

tion. From  these  facts it is evident  that  biacle-

ness  is a  factor involved in sheltering  behayior.

   Under  horizontal illumination there  svere

significant  ditTerences in the  sheltering  ratios

between  "'.: ":f cn=22,  T=33,  P<O.Ol) in
spite  of  the  fact that  here  both  pocvsible fac-
ters,  biacfeness ancl  shading,  were  absent,  This
result  shows  that t'isuat isogation from upper

sight  is also  a  factorim'olved in this  behayier.

   Vnder i]lumination from  aboN,e, the  shelter-

ing ratio  in SV, was  signitleantly  ]arger than

that in IVJ /Cn  =-  25, T t･  24.5, p<  O.OI), This
dit't'erence may  be due to risJtal  isolation from

iateral sight,  since  the  other  posslble factors
btachness and  shading  were  ]acking.

   During  the  experiment,  jt "'as  frequently

observed  that  under  horizontal ilLumination the

fish ivere  apt  to leave the shelter  and  swim

abaut,  The  tendency  seen  in Fig. 3 for shelter-

ing ratios  to be somev,'hat  smaller  under  hori-

zontal  illum[nation than  under  that froni abosre

may  be due to some  unknowninhibiting  effect

of horizontal iLlurninatlon on  sheltering  be-

havior,

\
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 3, The  relationship  of  the sheltering  ratios

to the position of  an  opaque  (brack or xybite>

e:  black watl,  itluminated from above.  1:
horizontaily. O:  white  wall,

illuminated herizantal]v. 'I-he
 conditions                   '

Bf,  VLi,, Ws  and  Wf  in regaTd  to coler

Cceilimg!side!floor> of  the  epaque  wall.

si

,

Fig.

a
･- L

Ws Wf

             (mean± S.E,) of  the  fish

            shelter  "'all in Exp. I[ A,

               black wall,  ilLuminated
iiluminated from above.  Z  : white  watl,

         of  shelters  are  ]abe]ed Bc, Bs,

           (blackl"'hite) alld  position
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   It is noteva'orthy  that  vertically  illuminated

shelters  having  epaque  (either black or  white)

ceiling  had  markedly  high  sheltering  ratios

wh{ch  were  infiuenced by both vis"al  isotatiort

and  shading  factors,

   B. The  shelters  Bs and  Ws  were  usedi  to

aseertain  the effect  of a possible shading  fac-

tor. When  the effects  of the type  of  illumina-

tion (from above  or  horizental) on  sheltering

behavior  were  compared,  no  significant  differ-

ences  were  found in either  B, (n=21, T=96,5,

P>O.10) or W,  (n=18, T==62,  P>O.10}, This

is in contrast  with  Exp, II A  in which  differ-

ent  types of  illumination had marked  effeets

on  sheltering  ratios  in both  B, (n ='  25, T=16,5,

P<O.Ol) and  W,  (n=2i, T=6,  p<e.Ol.). The

difference between  both  experiments  is that  in

Exp.  tl A,  shelters  provided  no  shade  from

horizontal illumination, whiLe  in Exp. ]I B, the

inside of  the  shelter  was  shaded.  This points

out  the  importance  of  the  shadjng  factor in

this  behavior.

            General Disc-ssien

    The  results  of  Exp. I showed  that  the  oc-

currence  of  sheltering  behavior  became greater

as  the  number  of  opaque  shelter  walls  incteas-

ed.  and  the  ratio  was  largest when  the  opaque

wall  wa$  lecated in the  ceiling  posltion, A

transpaTent  she]ter  dld not  serve  as a refuge

for the  fish.

    Experlment  li confirmed  that  alt  three  fac-

tors,  btachness, visuat  isoiation and  shading,

are  important  im the  elicitation  of this  behavler,

    A  sheltering  ratio  greater  than  O,6 in shel-

ters  haying  two  or  more  black wal]s  <Exp. ])

may  be ascribed  to the  cumulative  eilects  of

all  or  seme  of  the  three  iactors we  proposed.

    The  tendency  of cichlids  to approach  black

 objects  or settle  on  them  has been  notieed  by

 some  workers.  Baerends ancl  Baerends-van

 Roon  (1950) stated  that young  TitaPia ap-

 proached  black spots  on  a  t]at silyer  disc.

 Watanabe  and  Terami (1974) reported  that

 Pelmatechremig settled  tenaciousiy  on  a  black

 p]ate ef  the  same  size  as  a ivall  of  the  shelters

cichlid Fish 123

 used  in the present  work.  Recently Tera[ni

 and  NVatanabe <197B) founcl that these  cicblids

 centered  themselves  withifi  a black-taped zone

 as small  as  4 mm  long, coiled  on  a  transparefit

 tube,  According  to eur  uopublished  observa-

 tion, when  a black plate was  slowly  meved,

 the  fish swam  along  with  the  plate, maintain-

 ing its position above  it, In addition,  when

 fish were  introduced  into a  tank  that  had a

 black part on  a  side-wall,  they  approached  the

 part at  once  and  swam  only  within  the  bound-

 aries  of  the  part.

     In Exp.  II A  of  the  present  work,  there

 was  a  high  tendency  fer fish to stay  in shelter

 Bf under  illumination from  aboye,  This  cen-

 dition lacked both the  shading  and  the  visuai

 isolation factors, and  the  blackness factor which

 was  common  to Bf  under  horizontal illumiRa-

 tion, Further research  is necessary  to explain

 this problem.
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