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A b s tra c t

B a l o n ,  E. K. 1975. Reproductive guilds of fishes: A proposal and definition. J. Fish. Res. Board 
Can. 32: 821-864.

The emergence of efficient ecosystem modelling is severely hampered by the need for an 
ecological classification of fishes. An earlier concept of ecological groups is here expanded to 
coverall living fishes. This ecological classification is based mainly on form and function in early 
developmental intervals, on preferred spawning grounds, and on features of reproductive be­
havior. Within the adaptations for reproduction and embryonic development two factors prevail 
— predators and the oxygen regime; consequently, spawning behavior and spawning grounds 
determine ensuing respiratory conditions and available protection from predators. The remaining 
factors are more or less associated with those two. From the point of view of resource exploita­
tion, factors other than feeding habits governing density, biomass, and production are more 
important. In this sense reproductive guilds are more meaningful than feeding strategies, to which 
one usage o f "guild" was limited.

Thirty-two guilds putatively encompass all the 30.000 living fish taxa (or about 20,WO 
species) and form an ecological classification unrelated to the Linnean classification. The guilds 
retain phyietic significance in respect to reproductive systems and form a basis for the construc­
tion of models on natural and cultural succession. Number of guilds and frequency of taxa within 
guilds in a  given area reflect geochronological sequences and invasion abilities of members of 
different guilds.

R ésu m é

B a l o n , F.. K. 1975. Reproductive guilds of fishes: A proposal and definition. J. Fish. Res. Board 
C an .32:821-864.

Le manque d’une classification écologique des poissons nuit grandement à l’élaboration de 
modèles d'écosystèmes efficaces. L’auteur se sert d’un concept existant déjà et le développe pour 
englober tous les poissons vivants. Cette classification est fondée surtout sur la forme et la 
fonction aux premiers stades du développement, sur les frayères préférées et sur le comporte­
ment reproducteur- Parmi les adaptations visant la reproduction et le développement embryon­
naire, deux facteurs prédominent — les prédateurs et le régime d'oxygène; en conséquence, le 
comportement reproducteur et les frayères déterminent les conditions subséquentes pour la 
respiration et les abris disponibles contre les prédateurs, Les autres facteurs sont plus ou moins 
liés à ces deux-là. Du point de vue de l’exploitation des ressources, des facteurs autres que les 
habitudes alimentaires contrôlant la densité, la biomasse et la production ont une plus grande 
importance. Dans ce sens, les gildes reproductrices ont une signification plus grande que les 
stratégies alimentaires, auxquelles on avait limité un usage du terme « gilde ».

Trente-deux gildes englobent putativement tous les 30,000 taxons de poissons vivants (ou 
environ 2û,000espèces) et forment une classification écologique indépendante de laclassification 
linnéenne. La gilde conserve une signification phylétique en rapport avec les systèmes reproduc­
teurs et sert de base à l'élaboration de modèles de successions naturelles e t culturelles. Lxt 
nombre de gildes et la fréquence des taxons au sein des gildes dans une aire donnée reflètent les 
séquences géochronologiques et le pouvoir d'invasion de glides différentes.
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. . the Coelacanth doubtless sheds its eggs 
inside a special case, quite possibly like those 
produced by some sharks and rays. W ho will 
be the first to find one?”

-J. L. B. S m ith  (1957)

"Son abdomen, dilaté, recelait une vingtaine 
d’oeufs sphéroïdes d'un beau rouge sombre, 
dépourvus d'enveloppes protectrices. Leur taille 
égalait celle d'une orange . . . ”

J .  M i l l o t  a n d  J .  A n t h o n y  ( 1 9 7 4 )



P E R S P E C T IV E S 8 2 3

It  is generally  agreed th a t th e  d istribu tion , sur­
vival, density , and  vulnerab ility  o f  fish populations 
is lim ited  by a  com plex o f  ecosystem  fac to rs , and 
a  classification o f  fishes on  an  ecological basis 
w ould b e  m o s t desirable. T o  co n stru c t an  eco ­
logical organ ization  o f  fishes based o n  th e  m or- 
phophyletic classification w ould be im possible, as 
the ram ifications o f  evolu tion  have resu lted  in  an 
enorm ous num ber o f  m orphologically  d istinct 
taxa. T h is  is fu r th e r com plicated  by convergence 
and  parallelism , w ith  th e  resu lt th a t ecological 
and ethological ch arac te rs  a re  hopelessly in ter­
m ingled and  irre trievab le  a t  the fam ilial and 
o rd ina l levels. A n  ecological classification based 
o n  reproductive  strategies appears prom ising, 
how ever.

T h e  difficulty in constructing  an  ecological 
classification based on  reproductive strategies was 
well expressed by B reder and R osen (1 9 6 6 ) : o f 
ju s t u n d er 20 ,000  know n species o f  fishes (C ohen  
1970; W eitzm an 1974) arranged  in  som e 600 
fam ilies and  3 0  o rders (o r 495  fam ilies and  62 
o rders according to  L indberg  197!, o r  390  fam i­
lies, 3 ,713 genera, and  18,220 species according 
to  Bailey 1971) “breeding hab its” are  well de­
scribed fo r only  300  species, plus ano ther hundred  
o r  so  th a t a re  im perfectly  know n. T hus, any 
system  based o n  reproductive strategies is, fo r the 
tim e being, incom plete  and highly tentative. This 
p aper should  there fo re  be regarded as a p re­
lim inary proposal o f  such a  system  and a review 
o f  the p resen t know ledge.

A n ecological taxonom y o f  fishes should  be 
sim ple enough  to  build  from  bits and  pieces o f 
available in fo rm ation  abou t reproductive stra te ­
gies. T h e  categories should be low  in num ber to  
perm it ecosystem  analyses, bu t b road  enough to 
encom pass all know n species. T h e  classification 
should group  sim ilar ecosystem  users irrespective 
o f  phyletic origin, w ith  the adap ta tions to  sim ilar 
ecosystem s possibly reflected in  convergent be­
hav ioral, m orphological, and  physiological char­
acters.

M y co ncep t w ill be built o n  the basis o f 
K ryzbanovsky’s (1 9 4 9 ) reasoning th a t “adap ta­
tions o f  fishes fo r spaw ning and  developm ent re­
flect n o t only  the essential ecological fac to rs o f 
the em bryon ic  period, bu t also the essential fa c ­
to rs o f  all the  o th e r in tervals o f  life. T hese adap­
ta tions m ark  Ute biology of adults, and  define the 
type o f  m igrations, invasion abilities, and  lim its 
o f  d is tribu tion” (p . 237, m y tran sla tio n ) . Some 
salm onids offer a  good illustration . T h e ir  eggs 
requ ire  a  h igh  oxygen supply and , therefo re , they 
m ust be h idden  in  th e  gravel o f  sw iftly flowing 
stream s, in  clean  lakes w ithin springs, o r  in  a

substrate bathed b y  w ater cu rren ts. In  the tidal 
zone the eggs w ould be destroyed by wave action 
and  exposure; fu rth er from  shore th e  sea bottom  
w ould provide few  hiding places fro m  the heavy 
predation ; and  a t  g reater dep ths th e  eggs w ould 
perish from  lack  o f  oxygen. C onsequently  ali 
salm onids, even those feeding in the sea o r  in 
open  lakes, have to  re tu rn  to  th e ir  special spaw n­
ing grounds w here the fa te  o f  th e  population  will 
be decided (K ryzhanovsky  1956; B alon 1968). 
I t  is obvious th a t rep roductive  strategies sensu  
lato  w ill be the m ost im portan t characters on 
w hich the ecological classification shou ld  be built. 
H ow ever, i f  left closely re la ted  to the present 
m orphological classification, sim ilar ecological 
adap ta tions w ould be scattered  th roughou t the 
p resen t categories o f  m ore th an  30  (G reenw ood 
e t al. 1966, 1967; G osline 1971; R osen  1973) o r  
a t best 7  “m ajo r analytic categories” (B reder and 
Rosen 1966) and an  im m ense num ber o f  low er 
taxa. In  the construction  o f  an ecological classifi­
ca tion  a  com plete d ivorce from  a L innean  classifi­
cation  seem s to  be inevitable.

Historical Review

A ttem pts to  g roup  fishes in to  o th er th an  m or­
phological categories a re  only ju s t over a  q u a rte r 
cen tury  o ld . T h e  basic concept w as, to  m y know l­
edge, fo rm ulated  first by S. G . K ryzhanovsky in 
1948. A lthough  it  was la te r repeated  in  detail at 
least tw ice, it som ehow  escaped th e  atten tion  of 
scholars w ho have been active in th is  field. My 
p lans 10 years iater to  w ork o u t a  b ro ad er system 
w ith the founder never m aterialized.

K ryzhanovsky’s (19 4 8 , 1949) hypothesis w hich 
is h ere  used as a  definition o f  h is ecological 
g roups has already been given in  the previous 
section . "T w o fac to rs (w rites K ryzhanovsky 
(1 9 4 9 ) fu rther] p lay  leading roles during em ­
bryonic developm ent: p redato rs and availability 
o f  oxygen. A ll o th e r fac to rs a re  associated w ith 
these tw o and  crea te  together an  ex traord inary  
variety  o f  adap ta tions associated w ith  early  de­
velopm ent. H ow ever, the various reproductive 
strategies and spaw ning g rounds p redeterm ine the 
resp ira to ry  conditions and  th e  potential fo r de­
fense against p redators. H ence, to  a considerable 
degree, they  p redeterm ine the n a tu re  o f  ad ap ta ­
tions associated w ith  early  developm ent. T here­
fore, the astounding m ultitude  o f  adap ta tions asso­
ciated  w ith  developm ent reveal the ecological 
pa tterns w hich reflect the essentia! relations o f  
fish in  n a tu re .”

T o  provide a  be tter exp lana tion  o f  h is  p rin ­
ciples fo r early  fish developm ent, K ryzhanovsky
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form ulated  ecological groups, all nam ed a fter 
respective spaw ning grounds; fo r exam ple: I )  
lithophilous, 2 )  phytophilous, 3 )  p sa m m o p h ilu s , 
4 )  pelagophilous, a n d  5 )  ostracophilous.

A ll fishes belonging to  the lithophilous groups 
deposit the ir eggs o n  a  rock  o r  gravel bottom , 
and  on this substrate  the em bryos and  larvae de­
velop. T h is  occurs in  stream s and  rivers as well 
as o ligotrophic Jakes, Som e ha tch  early  and  have 
a  photophobic  escape reaction , enabling them  to 
scatter and hide under the stones- In  this group 
em bryonic resp irato ry  organs are  m oderately  de­
veloped. In  all species there  are  segm ental vessels 
in the ventral a n d /o r  dorsal fin fo ld ; in some, 
there is also a subintestinal vein.

F ishes o f  the phytophilous group  are  adapted 
to  develop within o r  on live o r  dead  vegetation, 
above a m uddy o r  silted bottom , and u n d er con ­
ditions o f  very low  oxygen. L arvae o f  this group 
are  no t photophobic  and  a re  m ore pigm ented than 
the lithophils. T h e ir  em bryonic resp irato ry  organs 
are  well, to  exceptionally  well, developed. They 
consist o f  the du c ti C uvieri, the caudal vein in the 
ventral fin fold, the segm ental vessels in the dorsal 
fin fold, and in som e larvae, the pectoral and gili 
cover vessels. Since the em bryos and larvae do 
no t h ide, fecundity  o f  the m em bers o f  this group 
is usually very  high to  com pensate  fo r the high 
m ortality  caused by  p redators o r  w ater level 
fluctuations.

Som e fishes, w hich K ryzhanovsky term ed  as 
in term ediate, fo rm  a so rt o f  transition  between 
these tw o groups (e .g . A lburnus alburnus. R u tilus  
rutilus. Leuciscus, Perca, G ym nocephalus, S tizo ­
stedion lucioperca, S . volgense) and he adm itted 
th a t no clear-cut division w ould be possible even 
in the best constructed  system  (H olc ik  and  HruSka 
1966).

Psam m ophilous fishes spaw n on roo ts o r  grass 
above the sandy bo ttom  o r  o n  the sand itself, 
w here the ir em bryos a re  adapted  to  develop. They 
are  no t photophobic  and  in con trast to  phyto­
philous fishes, lack  cem ent glands and  cannot 
hang  on  plants. In  response to  m oderately  high 
oxygen availability th e  em bryonic resp ira to ry  o r­
gans are  usually  lim ited  to  the ducti C uvieri and 
the caudal vein; th e  gills becom e functional rela­
tively late.

F ishes in the pelagophilous group  sca tter their 
eggs in the w ater co lum n and th e  eggs a re  usually 
free  floating; neu tra l o r  positive buoyancy is 
achieved by a  very  large perivitelline space a n d /o r  
by num erous sm all oil globules o r  one large oil 
globule in the yolk. E m bryos and  larvae are  nor­
m ally  no t pigm ented. T h e  lack  o f  p igm ent serves 
as a  cryp tic  p ro tec tion  against predation . E m ­
bryonic resp irato ry  o rgans are  absen t in th is well-

oxygenated hab ita t. M any o f  the freshw ater 
pelagophils are  o f  m arine origin and  som e, such 
as L o ta  lota, d isp lay  characteristics o f  a  condition  
called sem ipelagophilous. O ne o f  these charac­
teristics is a  secondary  ioss o f  buoyancy  in  fresh 
w afer w hich has a  low er density.

T h e  last ecological g roup  w as called  o s tra ­
cophilous by K ryzhanovsky. I t  encom passes spe­
cialized fishes (A cheilognath inae) th a t deposit 
th e ir  eggs in the gili cavity o f  m ussels. N o t only 
does the adu lt fem ale possess a  special ov ipositor 
fo r p lacing the eggs in to  the p ro p e r position in 
the live m ollusc, h e r  eggs a re  also elongated  ovals 
th a t have only a barely  visible perivitelline space. 
C onsequently , m ore eggs can be deposited  within 
the lim ited space betw een the gili filam ents o f  the 
mussel (B alon 1962a). E m bryos a re  especially 
adapted  to  the possibly low  oxygen co n ten t o f  this 
confined environm ent. T hey  have  dense respira­
to ry  nets fo rm ed  by th e  sub in testinal vein o n  the 
yolk and  by vessels in  the dorsal a n d  ven tral fin 
folds. T h e ir  developm ent is v ery  slow  and  they 
retain  the em bryon ic  resp irato ry  organs until they  
are  ready to  leave the m ussel as advanced  larvae. 
P rio r to  this, and  soon  a fte r  the first appearance 
o f  the eye p igm ent, they  becom e extrem ely  p h o to ­
phobic. T his is a  p ro tective m echanism  th a t pre­
vents p rem atu re  expulsion from  th e  p ro tec tion  of 
the shell.

T h e  system  o f  ecological groups, p roposed  and 
used by K ryzhanovsky  ( 1949; K ryzhanovsky  e t al. 
1951 ), can  be sum m arized as foliow s:

Fishes that scatter their eggs
—  lithophilous
—  intermediate
—  phytophilous
—  pelagophilous
—  semipelagophilous
—  psammophilous

Fishes that hide their eggs
—  ostracophilous
—  lithophilous

Fishes that guard their eggs
—  lithophilous

phytophilous 
psammophilous 
nest building

—  brooders
—  livebearers, and

fishes o f  unknow n charac te r (m y  arrangem ent 
and  tran sla tio n ).

W hen this classification w as applied  to  the

—  adhere to  the substrate 
in a single layer

—  in clumps

—  in hollows
—  on the surface of the 

bottom
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m em bers o f  freshw ater fish fam ilies o f  a  lim ited 
geographical a rea , little  if  any  correspondence 
w ith m orphological (L in n ea n ) classification was 
dem onstrated . A lthough  K ryzhanovsky tried  to 
p rove th a t his g roups w ere hom ogenous w ithin 
fam ilies and  w ith  a  few  exceptions lacked pa ra l­
lelism , he also tried  to  p ro v e  th a t heterogeny w ith 
parallelism  is lim ited  to  carp s . H ow ever, if  form  
and  ecological function  are  closely re la ted , then  
there should  be m ore  para lle ls  betw een the eco­
logical and  L innean  taxonom y based on adu lt 
m orphology. L ack  o f  these paralle ls m ight im ply 
tha t from  an  ecological view point the L innean 
taxonom y is highly artificial.

T hen  follow ed several a ttem pts to  im prove the 
original ecological classification o f  fishes (H olSik 
and H ruSka 1966; B alon  1 9 66 ). Its  use w as ex­
tended to  o th e r geographical a reas (B aion 1962b, 
1964b, 1965) o r  applied  to  qualitative o r  quan ti­
tative values o f  fish populations. Basically, the 
la tter was an extension o f  Swingle’s (1 9 5 0 ) con ­
cep t o f  “balance” in to  a ra tio  o f  phytophils to  
»ithophils ( F /L ,  B alon 1962b, 1964a, 1964b ), 
lithophils to  indifferents ( L / I ,  HoISik 1 9 66 ), o r 
biom ass o f  lithophiis to  ichthyom ass (L s) and 
phytophil biom ass to  ichthyom ass (P 8, Balon 
1966).

T o  m y know ledge only  tw o independent systems 
w ere developed a fte r  K ryzhanovsky’s. B reder and 
R osen (1 9 6 6 ) , in an  a ttem pt to  classify the data  
on reproduction  in the ir g iant com pendium  on 
reproduction  o f  fishes, devised special analytic 
categories called “D ivision,” seven o f  w hich en­
com passed all th e  available data . These categories 
“m ean an  assem blage o f  fishes th a t m ay  con ­
veniently be trea ted  together from  th e  standpoin t 
o f  rep roduction .” H ow ever, the ir divisions retain  
a close re la tionsh ip  to  the L innean  taxonom ic 
arrangem ent and  encom pass various aspects o f  
reproductive behavior and  ecology. F o r  exam ple, 
their D ivision I is fairly  m onotypic  a n d  “the m ost 
characteristic  reproductive  fea tu re  o f  the m em bers 
o f  this division is po lyandrous m ating in  breeding 
aggregations, ... , nonadhesive pelagic eggs and 
virtual absence o f  paren ta l care .”  T h is  division 
consists o f  five p rim itive teleost o rders. D ivision 
II, conversely, encom passes only  one  o rder, b u t 
fishes arranged  in it  m ate  in  pa irs o r  sm all poly­
androus g roups, eggs a re  m ostly dem ersal and 
adhesive, and “m ay be buried , cast loose, o r, in 
one case, ac tua lly  laid  o u t o f  w ater. In ternal 
fertilization accom panied  by an ov iparous habit 
is reported . P aren ta l ca re  extends from  none to 
cases o f  e labo ra te  nest bu ild ing  o r  th e  carry ing  of 
the eggs in the m ou th  o r  adheren t to  the ventral 
surface o f  th e  b ody .”  D ivision II I , w hich  encom ­
passes tw o orders, is in its reproductive charac­

teristics very sim ilar to  D ivision I. D ivision IV  
includes the single o rd e r  G asteroste ifo rm es w hich 
com prises fishes th a t “possess a  variety  o f  spec­
tacu la r reproductive hab its .” Som e o f  these habits 
include paren tal care  in  nests o r  b rood  pouches 
o r  h id ing  o f  eggs in the perib ranch ia l cav ity  o f 
ascidians. B reder and  R osen 's  system  displays in 
som e o rderly  fashion “trends in reproductive  ac ­
tivities th a t a re  associated w ith  m orphology or 
phylogenetic relationship ,” b u t does no t provide 
a  basis fo r an adequate  ecological g rouping  o f  
fishes. H ow ever, m y reorgan ization  o f  K ryzhanov- 
sky 's concep t w as considerab ly  fac ilita ted  by the 
inform ation  com piled by B reder and Rosen 
(1 9 6 6 ).

A  recen t a ttem pt by N ak am u ra  (1 9 6 9 ) to  
group  fish ecologically is again based on early  
developm ent. H is categories A  to  F  are  based 
m ainly  o n  the spaw ning g rounds and  breeding 
behavior o f  Japanese cyprin id  fishes. F ro m  the 
descrip tion  given, his categories a re  sim ilar to  
K ryzhanovsky 's ecological g roups and h e  quotes 
a t least one  o f  K ryzhanovsky’s studies. C ategory  
A m ore o r  less equals phytophils , B has no 
equivalent in K ryzhanovsky’s g roups b u t is equal 
to  m y guard ing  speleophils (see la te r ) , C  =  litho ­
phils, D  ostracophils, E  =  pelagophils, and  in 
F , N akam ura  arranges fishes o f  unknow n spaw n­
ing habits.

T h e  behavioral g roups o f  cichlids described by 
W ickler (1962 , 1966) o r  by F ry e r and  lies  (1972) 
will also have som e app lica tion  in the follow ing 
ecological classification. H ow ever, th e  reasons fo r 
no t using W ickler's classification o f  “concealm en t” 
and  “open" breeders a re  self-evident (see also 
Barlow 1 9 74 ). T h e  sam e applies to  fam ilial 
groups o f  M ochek (1 9 7 2 ) . A  close relationship  
is to  be rem em bered betw een guard ing  speleophils 
and  bearing  m outhbrooders, as illustrated  by Pel­
m atochrom is taeniatus, w hich s ta rts  o ff b y  guard­
ing th e  eggs in  a ho le  “b u t com pletes it  by m outh  
brooding” o r  by G eophagus jurupari w hich has 
sim ilar habits.

In  the second edition  o f  W ebster’s N ew  In ter­
national D ictionary  o f  th e  English Language 
(1 9 6 0 ) the ecological m eaning  o f  guild  is defined 
as "an  ecological g ro u p  o f  p lan ts d istinguished 
from  the o rd inary  herbs, shrubs, and  trees by a 
special m ode o f  life. ... T h e  species o f  each  of 
these, though  unrelated , have specialized and 
som etim es sim ilar physiological requ irem ents.”

T h e  term  guild w as app lied  b y  R o o t (1967) 
in an  a ttem pt to  arrange b ird  n iches in to  “groups 
o f  species having very sim ilar ecological roles 
within a com m unity ." R o o t w ro te  th a t “A  guild 
is defined as a  g roup  o f  species th a t exp lo it the 
sam e class o f  env ironm ental resources in  a  sim ilar
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w ay.” T h is  can  be in terp re ted  th a t the p rim ary  
characteristic  f o r  classification is d ie  diet. B ut he 
im plied, fo r P arus inornatus, th a t “while belonging 
io  the foliage-gleaning guild w ith respect to  its 
forag ing  hab its, [it] is a lso  a  m em ber o f  the hole- 
nesting guild by v irtue  o f  its nest-site require­
m ents." T he d ie t concep t alone m ay  be incom ­
ple te  even in b ird  ecology, since R oo t then  states 
“th a t the popu la tion ’s in itial b reeding effort will 
be concen tra ted  in  m ost favorab le  habitats”  (p. 
3 4 2 ). In  short, the  guild  concep t as form ulated 
by Root (1 9 6 7 ) m ay  be congruen t w ith my 
extended concep t o f  K ryzhanovsky’s ecological 
groups. In  higher vertebrates the determ ining 
characters can  nevertheless differ from  those o f  
fishes by reflecting the evo lu tionary  pattern  o f 
m orphological adapta tions rep laced  by behavioral 
adapta tions, in the sam e w ay as “the critical 
dim ensions o f  the n iche m ay be no t food resources 
bu t o th er lim iting fac to rs” (W hittaker e t al. 
1973). In  this sense, guilds should  group  quan tita ­
tively "species’ niches.”

A ccording to  K ryzhanovsky 's hypothesis, the 
adap ta tions fo r spaw ning and  early  developm ent 
are  reflected in the biology (fo rm  and  function) 
o f  adults, including th e ir  feeding habits. T here­
fore , the reproductive strategies o f  fishes may 
be tte r define the ecological guilds. A  good exam ple 
is the case o f  A lestes  lateralis in L ake K ariba. 
T his species invaded the lake from  above V ictoria 
Falls and  in a very sh o rt tim e replaced the abun­
dan t and indigenous Brachyalestes im beri. A lestes  
lateralis becam e the m ost abundan t species in the 
lake in less th an  tw o  years and exactly a t a  time 
w hen the reproductive conditions changed u n ­
favorab ly  fo r B. im beri and in favor o f  A . later­
alis. T he  sam e food resources are  used by both 
species (B alon 1971a, 1974). I t is obvious, a t 
least in fishes, th a t th e  successful existence o f  a 
certain  guild depends o n  spaw ning grounds, p red­
ators, and oxygen and  tha t these are  resources 
th a t a re  exploited  in a w ay sim ilar to  the u n i­
versally  recognized food resource.

B arlow  (1 9 7 4 ) accepted  feeding guilds in 
R oo t’s sense, adm itting  a t the sam e tim e tha t “ in 
bo th  th e  cichlids and  surgeon fishes, nonetheless, 
th e  social systems a re  seen u ltim ately  as conse­
quences o f  the ir feed ing  behavior, b u t o ther 
factors have a  p ro found  and  som etim es m ore 
prox im ate influence. In  this paper, the physical 
env ironm ent and  the effect o f  predation  w ere 
seen as the m ost im portan t proxim ate m odulators 
o f  the reproductive b ehav io r in  the C ichlidae.”  In  
surgeon fishes “the evidence suggests a  range o f  
reproductive behav io r from  group  spaw ning 
th rough  harem  fo rm ation  and  leks, and even en­
during  pairs. T here  a re  som e suggestions o f  eco­
logical correlations w ith  breeding strategy, b u t the

relationships are  n o t c lear.” T his can  m erely 
m ean  tha t the densities and  ecological p roduc tion  
o f  pelagophils, “the largest single ca tegory  of 
fishes in H aw aii” (G osline  in  litt.; Jones 1968) 
fo r  exam ple, is regu lated  w ith in  this guild b y  the 
tim ing o f  spaw ning and  reproductive  behavior. 
T h is  can  be “view ed as an adap ta tion  to  avoiding 
egg p reda to rs"  (B arlow  1974), and  consequently  
determ ine accep tab le  densities, w hile it  is doubtfu l 
w hether the d iversity  o f  feed ing  hab its and  h ab i­
tats can  limit densities effectively.

“E cological” grouping o f  fishes by I.ow e-M c- 
Connell (1 9 6 4 ) and  Postel (1 9 7 3 ) w as lim ited 
to  d istribution  and h ab ita ts  and has no  app lication  
in the presen t concept. T h e  sam e applies to  the 
“ecological” g roups o f  P apadopo l (1 9 7 0 ) w hich 
w ere based on sexual m atu rity , fecundity , and 
egg laying frequency.

Ecological Classification

N one o f  the prev ious system s fulfill the re­
quirem ents called fo r in th e  In troduction , y e t all 
provided useful in fo rm ation  and  insights. Í  have 
retained the nom encla tu re  essentially  as proposed 
by K ryzhanovsky and  have extended it  to  encom ­
pass all living fishes. T h e  G reek  prefixes refer 
m ainly  to  the charac te r o f  usual type o f  spaw ning 
grounds, though o th e r factors, such as b reeding 
behavior, m orphology o f  early  resp irato ry  organs, 
type o f  resp ira to ry  p igm ents, and  behavior o f 
em bryos and larvae, a re  equally  im portan t in the 
definition o f  a given guild.

T hirty -tw o guilds pu tatively  encom pass all the 
living form s o f  fishes and  fo rm  an ecological 
classification n o t related  to  the L innean  classifica­
tion, although the cu rren t generic a n d  specific 
nam es as well as the nam es o f  low er tax a  had  to 
be retained. T h e  guilds are  g rouped  in to  three 
m ajo r sections, each  o f  w hich has tw o  subsections. 
T hese are  ra th e r closely  related  to  topics o f 
reproductive behav io r and  define the ethological 
p a rt o f  the guilds (T ab le  1 ). H ence, fo r exam ple, 
there  will be an  A . 1.3 guild  o f  nonguard ing , open 
substratum  spaw ning lithophils and  a B.2.1 guild 
o f  guarding, nest spaw ning  lithophils.

T he w ay th e  sections and  th e ir  guilds have 
been arranged  seem s to  ind ica te  a  d irection  fo r 
the evolution o f  rep roductive  details. F u rtherm ore , 
diversity  o f  guilds decreases gradually  w ith  the 
increased specialization . I shall re tu rn  to  this 
aspect in the discussion.

C h a r a c t e r i s t i c s  o f  G u i l d s

O nly the m ost basic characteristics o f  each 
guild  w ill be m entioned . F o r  brevity , exam ples 
will be lim ited to  freshw ater fishes o f  C an ad a  and
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T a b l e  1. Eeoethological guilds o f  fishes.

Section
Subsection Guild

A. Nonguarders
A .l Open substratum spawners A .1.1 Pelagophils

A. 1.2 Litho-pelagophils
A .1.3 Lithophils
A. 1.4 Phyto-lithophils
A .l.5 Phytophils
A .l.6 Psammophils

A.2 Brood hiders A. 2.1 Lithophils
A.2.2 Speleophils
A.2.3 Ostracophils
A.2.4 Aero-psammophils
A.2.5 Xerophils

B. Gaarders
B.l Substratum choosers B. 1.1 Lithophils

B .l.2 Phytophils
B.1.3 Aerophils
B. 1.4 Pelagophils

B.2 Nest spawners B.2.1 Lithophils
B.2.2 Phytophils
B.2.3 Psammophils
B.2.4 Aphrophiis
B.2.S Speleophils
B.2.6 Polyphils
B.2.7 Ariadnophils
B.2.8 Actinariophils

C. Bearers
C.l External C.1.1 Transfer brooders

C. 1.2 Forehead brooders
C. 1.3 Mouth brooders
C. 1.4 Gill-chamber brooders
C .l.5 Skin brooders
C .l.6 Pouch brooders

C.2 Internal C.2.1 Ovi-ovoviviparous
C.2.2 Ovoviviparous
C.2.3 Viviparous

E urope, or, in  guilds w ith  n o  representatives in 
those areas o r  only w ith  rare  form s, to  o ther 
fishes w hose reproductive  characteristics, develop­
m ental characteristics, a n d  breed ing  hab its are  
know n. T he availability  o f  cu rren t catalogues 
(S cott a n d  C rossm an 1973; Ladiges and  V ogt 
1965; B anarescu e t  al. 1971) facilitated  the selec­
tion. T h e  E u ropean  fishes, how ever, a re  given in 
a  co rrec ted  version  o f . B anarescu  e t  al., based 
m ainly on m y ow n studies. F o r  C anad ian  fishes 
the da ta  com piled  by  S cott and  C rossm an (1 9 7 3 ) 
w ere used m ainly  fo r th e  allocation  o f  species 
in to  guilds. T h e  w ork  o f  B reder and  Rosen 
(1 9 6 6 ) , especially on ra re  and  odd  species, was 
a constan t source o f  in sp ira tion  and  an  invaluable 
source o f  data . T h e ir  tex t is frequently  p ara ­
phrased  and  all unidentified quotations should  be 
attribu ted  to  B reder and  R osen (1 9 6 6 ) .

A. Nonguarders

O p e n  S u b s t r a t u m  S p a w n e r s  ( A . l )

P elagophils (A . 1 .1) are  usually  re la ted  to  the 
sea, though  som etim es on ly  by th e ir  origin. T here  
a re , how ever, som e know n fo rm s th a t  a re  o f 
entirely  freshw ater provenance like the cyprin ids 
from  th e  large C hinese rivers n o rth  to  the A m ur. 
N onadhesive eggs a re  released  and  scattered  in 
open  w aters, in areas w here the d irection  o f  the 
w ater cu rren t is favorab le  to  th e ir  d istribution  
and  survival. T h e  eggs a re  usually  spherical o r 
elliptical, 0 .5 -1 .9  m m  in d iam eter w ithout the 
egg m em brane and 2 - 6  m m  w ith  th e  m em brane. 
Pelagophils produce eggs in  large quantities, p re ­
sum ably to  com pensate  fo r h igh m orta lity  o f  the 
larvae ( M ola  m ola  w as estim ated  to  have 300
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m illion eggs). O ften  the eggs develop while being 
carried  along by th e  cu rren t. In  rivers, pelagophils 
m ay  m igrate several hund red  kilom eters upstream  
to  spaw n.

N ear-neu tral o r  positive buoyancy  is achieved 
in several ways. In  freshw ater m em bers o f  this 
guild ( i )  the eggs abso rb  w ater into the perivitel- 
iine space which expands a fte r  fertilization 2 -5  
tim es its size, stre tch ing  the egg m em brane and 
enlarg ing the egg size (F ig , la ,  2 a ) accordingly, 
or, ( ii)  w ater is absorbed in to  the egg m em brane 
w hich swells in to  a  gelatinous substance leaving 
the perivitelline space relatively  sm all. T his 
gelatinous m ass o f  m any  eggs form s a  com pact 
veil in  w hich the eggs a re  em bedded, and  the 
w hole struc tu re  then floats like a ra ft o n  the 
surface o f  the sea (O p h id iu m  barbatum . Carapus, 
Scorpaena, H istrio  histrio . A n tennarius m arm o­
ra tu s). T he  veils o f  L o p h iu s am ericanus  a re  often 
9  m  long and 8 0  cm  w ide (A gassiz 1882). Some 
freshw ater pelagophils h av e  a  h igher con ten t o f 
w ater in the yolk than  the substrate spaw ners, a 
buoyancy adapta tion  w hich prevails in m arine 
pelagophils (F ig . 2b ) w here the w ater con ten t in 
the yolk reaches ~  95%  as com pared  to  ~  65%  
in eggs deposited o n  the bottom . In  m arine m em ­
bers o f  this guild , how ever, the perivitelline space 
rarely  swells (E hrenbaum  1964) and  usually  there  
is a  high con ten t o f  w ater in the yolk, an ineffec­
tive adapta tion  in fresh w a te r (S tokes’ law ).

In both  m arine and freshw ater pelagophils, the 
oil globule, w hich is g reatly  oversized in som e 
freshw ater form s (F ig . l b ) ,  fo rm s an additional 
hydrostatic organ effective in la te r phases o f 
developm ent (K ryzhanovsky  1960). P robably  a 
centrally  located cluster o f  oil globules (N ose 1971, 
1972) causes eggs o f  the eel to  ascend a t an 
optim um  rate. A ll these buoyancy adaptations 
frequently  assure, in a  m ost delicate w ay, optim al 
conditions fo r the developing eggs (A lderdice 
and F o rreste r 1971). F o r  exam ple “the eggs o f 
A rgentina silus m ay  sink  in sea w ater w ith a 
specific gravity o f  1 .02738 b u t float in sea w ater 
w ith one o f  1.02870. S ince surface w ater ... had  
the first-m entioned density  a n d  the deeper w ater 
w as m ore dense, it  follow s th a t these eggs are  
bathypelagic under such  cond itions.”

Instead o f  o r  in  add ition  to  the oil globule, 
m arine species have a special sinus in  the anterior 
p a rt o f  the enlarged dorsal fin fold in to  which 
w ater gradually m oves as th e  yolk is absorbed 
(F ig . 2c, d ) .  In  Low eina  rara  both  dorsal and 
ventral fin folds develop in to  extrem ely large 
inflated and translucen t sinuses (F ig . 2 f) , larger 
th an  in o th er know n Janternfish larvae (M oser 
and A hlstrom  1 9 70 ). T h is  sinus acts as a  fo rm  of 
hydrostatic  organ b u t its m ain  function  is to  take

up  surp lus w a te r from  th e  absorbed  yolk w hen 
th a t w ater canno t be excreted  th rough  m em ­
branes, blood vessels, o r  excretory  organs. l a t e r  
w hen these o rgans develop, w ater can  be expelled 
from  the fin-fold sinus (K ryzhanovsky  e t  al. 
1953).

Som e larvae develop special tem porary  appen­
dages to  achieve a  higher volum e io  su rface  ratio  
and near-neutral buoyancy (F ig . Id , e , 2 e ) . Egg 
m em branes o f  som e exocetids, fo r exam ple, a re  
equipped w ith long filam ents (F ig . l e )  w ith  w hich 
the eggs can a tta ch  to  a  variety  o f  floating objects 
( F odiator acutus, P arexocoetus brachypterus. 
C ypselurus ca lifo rn icu s).

Pelagophils a re  adap ted  to  develop in  w aters 
well sa turated  w ith  oxygen. U sually  no  special 
em bryonic  resp irato ry  organs a re  form ed o r  such 
organs, if  p resen t, a re  poorly  developed. T he 
blood vessels d o  n o t com e n ear the su rface  o f  
th e  body. A s a  special p ro tection  against oxygen 
poisoning, ery throcy tes d o  n o t ap p ea r fo r a  long 
tim e and  p lasm a alone is driven  along the vessels 
by hea rt beats. In  add ition , a lack  o f  b lood p igm ent, 
m elanophores, and  ch rom atophores m akes the em ­
bryos and larvae less visible and , therefo re , affords 
p ro tection  against predation . Because o f  th e  low 
nu trien t con ten t in th e  w atery  yolk , eggs of 
pelagophils have less vegetative p lasm a than  do 
m em bers o f  th e  o ther guilds, w hich in tu rn  results 
in  the form ation o f  a  relatively sm all em bryo  and 
larva. T his sm all size, in the early  stages o f  d e ­
velopm ent, facilitates absorption  o f  oxygen b y  the 
en tire  body surface. F o rm ation  o f  gills is nearly  
alw ays delayed; in  som e, ery throcytes and  gills 
a re  m issing during  the w hole larval period . In  eels 
th e  larval period  can be extrem ely prolonged.

E m bryos and larvae o f  pelagophils sw im  con ­
stantly . S trong photo trop ism  keeps them  in the 
open  and aw ay from  shaded areas. C em ent glands 
d o  no t develop and  thus relaxation  is im possible. 
I f  an individual sinks, a t  first con tac t w ith  the 
bo ttom  it  im m ediately sw im s u p  again. A s a  rule, 
p igm ent appears la te  in developm ent and  to  a 
lesser degree th an  in o th e r guilds; m elanophores 
fo rm  a single ventral row  and  yellow  pigm ent 
develops early  in the eyes, yolk, and  ventral row 
(B reder 1962).

T h e  follow ing C anad ian  freshw ater fishes be­
long to  th is guild : A nguilla  rostrata. A lo sa  sapi­
dissim a, C oregonus alpenae, C . nigripinnis, C. 
reighardi, C . zenithicus, N o trop is  atherinoides, 
A p lod ino tu s grunniens.

In  E urope, excluding A sia M ino r and  A e  area 
east o f  the Sea o f  A zov, the follow ing freshw ater 
fishes pu tatively  belong to  this guild : A nguilla  
anguilla. A losa  alosa alosa, A . a. bulgarica, A . a. 
m acedonica, A . caspia nordm ani, A .  m aeotica , A .
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Fio. 1. a . Pelagic egg of the marine Clupeonella delicatula adapted for buoyancy in 
fresh water (diameter o f yolk 0.S9, o f oil globule 0.32, and of egg membrane 1.3 m m ); 
1 =  in cleavage phase, 2 =  embryonic phase with increased size of perivitelline space; 
b, pelagic egg of the freshwater Sarcocheilichthys sinensis (diameter o f yolk 1.9, o f the 
egg membrane 5.3 m m ); c. Belone sp. with tendrils fo r  attachment to  floating objects; 
d , e, Lophius sp, larva 30 mm long, lateral view (d ) and dorsal view (e ) . A fter (a )  
Kryzhanovsky 1956, (b ) Kryzhanovsky et al. 1951, (c ) Berlin 1958, and (d, e )  Agassiz 
from  Ehrenbaum 1964.
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Fig. 2. a . Freshwater pelagic embryo of Ctenopharyngo­
don idella; b, marine pelagic egg of Caranx (watery yolk 
and an oil globule instead of perivitelline space); c, 
eleutheroembryo of Caranx just after hatching (1 =  oil 
globule); d, same, at the beginning of the formation of the 
dorsal sinus (2 ) ; e, pelagic larva o f  Adioryx vexillarius 
with appendages fo r buoyancy; f, larva of Loweina rara 
(17.6 mm long) with dorsal and ventral fin fold sinuses. 
A fter (a )  Nakamura 1969, (c, d )  Kryzhanovsky e t al. 1953, 
(e ) McKenney 1959, and (f) from  Moser and Ahlstrom 
1970.
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Fio. 3. a, Newly hatched eleutheroembryo of Acipenser stellatus 9 mm long ( i  — Cuvier’s 
duct, 2 — yolk respiratory vessels, 3 =  subintestinal vein); b, eleutheroembryo of Stenodus 
leucichthys 9.4 mm long <4 — heart, 5 =  respiratory branches of hepato-subintestinal veins, 
6 — liver, 7 — subintestinal vein); c, eleutheroembryo of Abramis ballerus 3.8 mm long. After 
(a )  D etlaf and Ginzburg 1954, (b ) Smolyanov 1957, and (c) Balon 1959a.

pontica  pontica, A . fa llax  fa llax, A . f .  killarnen­
sis, A . f .  lacustris, A . f .  nilotica. C lupeonella cu l­
triventris, C oregonus nasus. Pelecus cultratus. 
D icentrarchus labrax, D . punctatus. L iopsetta  
glacialis. P la tich thys flesus.

Litho-pelagophils  (A . 1.2) w ere considered  by 
K ryzhanovsky to  belong to  lithophils w ith  w hich 
they  share  num erous com m on characters. This 
guild  encom passes fishes tha t go th rough  a  full 
range o f  transition  from  lithophils to  pelagophils. 
A lthough the ir eggs a re  deposited  on  rocks 
and  gravel, in som e the eggs, in o thers  the 
e leu theroem bryos5 and  larvae becom e buoyant

'Eleutheroembryo =  yolk-fed embryo free from  egg 
membranes (after hatching), and larva =  the follow­
ing period of exogenous nutrition with numerous 
temporary organs (see Balon 1971b).

and w ater cu rren ts usually carry  them  aw ay from  
spaw ning substrate, because they  are  no t m uch 
heavier th an  the su rrounding  w ater. S turgeon eggs 
adhere to  the gravel and  because th e  em bryos 
hatch  early , they are  little  developed b u t have a 
rich  netw ork  o f  b ranches o f  sub in testinal vein 
w hich a re  situated  on a large yolk  and  fo rm  the 
m ain respiratory  organ (F ig . 3 a ) .  In  spite o f  a 
negative buoyancy the w ide fin fold enables the 
em bryo  to  m ake jum ps tow ards th e  su rface , re­
sulting  in a zigzag d rift w ith  th e  cu rren t. E m ­
bryos are  no t photophobic b u t th ere  is n o  con ­
clusive p roo f o f  phototropism . Som e coregonids, 
w hich can  also be fitted in to  th is gu ild , spaw n 
during  w in ter in very co ld  w aters. T h e ir  egg 
m em branes rem ain  slightly adhesive fo r only  a 
short tim e; the ir larvae are  sem ibuoyan t and  do 
no t seek concealm ent on the bo ttom  b u t swim 
im m ediately a fter hatch ing  and  display no photo­
phobia. I t  is no t know n w hether o r  n o t they  are



8 3 2 J. F IS H . R E S . B O A R D  C A N ., V O L . 32(6), 1975

actually  a ttrac ted  to  light. B urbot eggs are  semi- 
buoyant due to  a  large oil globule in the yolk and 
the slightest w ater m ovem ent can lift them  from  
the bo ttom . T he eleutheroem bryo looks like a  
typical pelagophil as it has n o  em bryonic respira­
to ry  organs.

C anada: A cipenser brevirostrum , A . fulvescens, 
A . m edirostris, A . transm ontanus, D orosom a  
cepedianum . C oregonus artedi, C . hoyi, C. johan­
nae, C. k iy i, H iodon  alosoides, H . tergisus. L o ta  
lota. M orone saxatilis.

E urope: H uso  huso, A cipenser nudiventris, A .  
ruthenus, A . guldenstaedti, A . naccari, A . stellatus, 
A . sturio , C oregonus albula, C. baunti, C. oxy­
rhynchus, C . peled, C. pidschian, O sm erus eper­
lanus, Lota  lota.

L ithophils (A ,1 .3) deposit eggs o n  a rock, 
rubble, o r  gravel bo ttom  w here th e ir  em bryos and 
larvae develop. T hese sites can  be in  stream s and 
rivers as well as in m esotrophic lakes. U sually  
em bryos ha tch  early  and are  highly photophobic 
w hich helps them  to  scatter and hide under 
stones. C em ent glands do  no t develop. Fishes of 
th is guild are  adapted  to  w ell-oxygenated w aters 
and  have m oderately  developed em bryonic res­
p ira to ry  organs —  d u c ti C uvieri, vena caudalis 
in ferior  in the ventral fin fold, a n d  la te r segm ental 
vessels w ith loops a t the base o f  th e  dorsal fin 
fold. In  som e, the subintestinal vein also functions 
as a respiratory  organ. B lack and yellow pigm ents 
appear relatively late {Fig. 3b, c ) .

C anada: C oregonus autum nalis, C . laurettae, 
C. sardinella, C. clupeaform is, C. nasus, C. cana­
densis, P rosopium  coulteri, P. cylindraceum , P. 
williamsoni, T hym allus arcticus. O sm erus m ordax. 
Spirinchus thaleichthys, A crocheilus alutaceus. 
C linostom us elongatus, C ouesius p lum beus. M y ­
locheilus caurinus, N otrop is anogenus, N . blen­
nius, N . dorsalis, iV. rubellus, P latygobio gracilis. 
P tychocheilus oregonensis. R h in ich thys atratulus, 
R . cataractae, R . fa lcatus, R . osculus, Sem otilus  
margarita, C atostom us catostom us, C . co lum ­
bianus, C. com m ersoni, C . p la tyrhynchus. H ypen­
telium  nigricans. M inytrem a  m elanops. M o x o ­
stom a anisurum , M . carinatum , M . duquesnei, M . 
erythraeum , M . hubbsi, M . m acrolepidotum , M . 
valenciennesi. Percopsis om iscom aycus. S tizoste­
d ion canadense, S . vitreum .

E urope: S tenodus leucichthys leucichthys, S . I. 
nelm a, C oregonus lavaretus, A b ra m is ballerus, A . 
sapa, A lburnoides bipunctatus. A sp iu s aspius. 
A ulopyge hiigeli. B arbus barbus barbus, B . b. 
bocagei, B . b . p lebejus, B . b. sclateri, B. albani­
cus, B. com iza , B . cyclolepis, B . euboicus, B . 
graecus, B . m eridionalis m eridionalis, B . m . pe- 
tenyi, B . m . graellsi, B . m icrocephalus, B . pres­
pensis, B . steindachneri, C halcalburnus chalcoides.

C hondrostom a nasus, C . genei, C . phoxinus, C. 
polylepis, C. soëtta , C. loxostom a  loxostom a, C. 
t. arrigonis, Leuciscus svallize, L .  cephalus, L . illy­
ricus, P araphoxinus alepidotus, P . adspersus, P. 
croaticus, P. epiroticus, P . ghetald i, P , m etohiensis, 
P. pstrossi. Phoxinellus hispanicus. P hoxinus  
phoxinus. V im ba  vim ba, V . elongata, V . m elanops, 
C aspiosom a caspium.

P hyto-lithophils  (A .1 .4 ) deposit eggs in re la­
tively clearw ater habitats on subm erged p lants, if 
available, o r  on o th e r subm erged item s such as 
logs, gravel, and  rocks. R elatively la te  hatching 
and  the presence o f  cem ent glands m akes som e 
m em bers sim ilar to  m em bers o f  th e  nex t guild. 
M oderately  developed em bryonic  resp ira to ry  o r­
gans and  pho tophob ia  m ake o thers  sim ilar to 
lithophils (F ig . 4a, b ) .

A  sm all controversy  developed o ver th is group 
w hen H olcik and  H ruSka (1 9 6 6 ) found  R utilu s  
rutilus  and  A b ra m is bram a, orig inally  assigned 
as phytophils by K ryzhanovsky and  m e, spaw ning 
on rocks and  gravel. A s a  consequence, a group 
o f  indifferent ( =  K ryzhanovsky’s in term ediate) 
fishes was created . H ow ever, as already  explained 
elsew here (B alon  1966), w hen allocation  was 
based only  on spaw ning grounds, it  was wrong. 
T his should  serve as a  w arn ing  th a t fo r m any 
species, arrangem ent in to  given guilds has to  be 
tentative until there  is evidence to  m ake a ca t­
egorical assertion. H o iiik  and H ruSka’s argum ent, 
nevertheless, led to  the creation  o f  th is  an d  two 
other, even m ore in term ediate guilds (T ab le  1).

T he tru e  in term ediate charac te r o f  this guild 
can be best illustrated by the com m on herring. 
T he A tlan tic  subspecies Clupea harengus haren­
gus usually  deposits adhesive eggs o n  a  gravelly 
o r  rocky sea floor. H ow ever, th e re  a re  records of 
eggs deposited on  seaweeds, logs, and  even m an- 
m ade floating objects. T his fish should  then  be 
considered as a tru e  phyto-lithophil. T h e  Pacific 
subspecies C . harengus pallasi spaw ns in  m uch 
shallow er w aters th an  its A tlan tic  congener and 
prefers to  deposit eggs on  p lan ts  like Zostera, 
C ystoph ilum , Ptilota, and  to  a lesser degree on 
Lam inaria, p robably  because o f  its slim y surface. 
O nly a lim ited  num ber o f  eggs a re  found  on 
gravel o r  sand, and  such  cases are  th e  resu lt o f 
v io lent spaw ning activity  ra th e r th an  a  deliberate 
deposition. Som e eggs are  know n to  adhere  even 
to  living shrim ps (K ryzhanovsky 1 9 56 ). T h ere­
fore, th is subspecies should  b e  a phytophil ra ther 
than  an  ill-defined in term ediate. T he p ro p e r fit 
o f  th is  subspecies in to  a co rrec t gu ild  is fu rther 
com plicated  by th e  pelagophilous s truc tu re  o f  the 
em bryos w hich have no special resp ira to ry  vessels 
and  lack erythrocytes. T h e  em bryos' slow er de­
velopm ent, extended tim e o f  hatching, and  early
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Fio. 4. a, Eleutheroembryo of Rutilis frisi, 8.5 mm long (1 =  Cuvier’s ducs, 2  =  lower cauda! 
vein, points on the body surface are hatching glands); b. Perca fluviatilis 5.3 mm long; c, Esox 
reicherti 8 mm long (4  =  respiratory organ of subintestinal vein on the yolk); d , Cyprinus carpio 
6.7 mm long (3 =  respiratory segmental vessels in dorsal fin fo ld); e. Misgurnus fossilis 5.6 mm 
long (5 =  external gili filaments, 6  =  respiratory vessels in the pectoral fin). After (a ) Smirnova 
1957, (b ) Kryzhanovsky et al. 1953, (c ) 1951, and (d, e ) Kryzhanovsky 1949.
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occurrence o f  yellow  pigm ent (K ryzhanovsky 
1956) reflects the p o o r oxygen conditions to 
w hich they are  exposed.

T he eggs o f  perches (Perca  sp .) a re  no t de­
posited sim ply bu t in long ribbons w ith a  system 
o f  in terio r passages and a special w ater-pum ping 
appara tus enhanced  by the v ibratory  consistency 
o f  the w hole egg m ass. T he substratum , in this 
case, is o f  little classificatory value and  is m ore 
a  m atter o f  availability than  selection. T he sam e 
m ay apply  to  the wolffishes ( Anarhichas sp .) 
w hose eggs fo rm  com pact balls th a t adhere  as a 
w hole to  gravel, rocks, o r  plants.

C anada: A cipenser oxyrhynchus. A losa  aesti­
valis, A . pseudoharengus. H ypom esus olidus. 
Phoxinus neogaeus, H ybognathus hankinsoni, H . 
nuchalis. H ybopsis storeriana, H . x-punctata. 
N otrop is  spilopterus, N . um bratilis, N . volucellus. 
R ichardsonius balteatus. F undulus heteroclitus. 
M icrogadus tom cod . Labidesthes sicculus. M o ­
rone am ericana, M . chrysops. Perca flavescens. 
E theostom a exile.

E urope : A b ra m is bram a. A lburnus alburnus, 
A . albidus, A . charusini, L euciscus leuciscus, L. 
idus, L . borysthenicus, L . m icrolepis, L . polylepis, 
L . soufla, L . tueskyi, L . ukliva . Pachychilon p ic­
tum , R u tilus ru tilus rutilus, R . r. caspicus, R . r. 
carpathorossicus, R . r. heckeli, R . fr isi fr isi, R . f .  
m eindingeri, R . f .  velencensis, R . lem m ingi, R . 
m acedonicus, Perca fluviatilis, G ym nocephalus  
acerina, G . cernua, G . batoni, G . schraetser, Per­
carina dem idoffi.

P hytophils  (A .1.5) sca tter o r deposit eggs with 
an adhesive m em brane th a t sticks to  subm erged, 
live o r  dead , aqua tic  p lants, o r  to  recently flooded 
terrestria l p lan ts; som etim es they deposit eggs on 
logs and branches b u t never on  the bottom . O cca­
sionally the eggs fall o n  stones, a  type o f  replace­
m en t substrate  w here h ab ita ts  have been altered 
b y  m an . H ow ever, som e such as m ost E so x  sp. 
and  C yprinus carpio  a re  adap ted  to  spaw n only 
o n  freshly  flooded p lan ts. I f  flooded vegetation 
is no t available, spaw ning  can n o t take place.

Fishes in  this guild are  adap ted  to  survive in 
habitats w ith  dense p lan t grow th and  m uddy 
bo ttom s and , therefore , w ith  very  low  oxygen 
concentration . E m bryos norm ally  ha tch  la te r than  
those o f  lithophils. They have n o  photophobic 
reaction  and cem ent g lands are  alw ays present 
on the ir heads. T his enables them  to  res t and  take 
cover by a ttach ing  them selves to  plants before 
they  can  swim actively and  avoid hypoxic condi­
tions on  the bo ttom . E ggs and  larvae are  very 
sm all. In  general, th e  postanal part o f  the eleu­
theroem bryo  is b e n t upw ards to  facilitate uplift 
and  to  prevent fish fro m  falling to  the bottom

after hatch ing , before  they  are  able to  h an g  on 
p lan ts (F ig . 4c, d ) .  T his is co n tra ry  to  th e  larvae 
o f  lithophils w hich  have dow nw ard-bent tails and 
are  bo ttom  dw ellers.

In  those fish th a t live in  very poorly  oxygenated 
w aters, em bryon ic  resp irato ry  organs a re  ex­
trem ely well developed (F ig . 4c, d , e ) ,  develop 
early , and last longer than  those o f  em bryos from  
w ell-oxygenated w aters and  consist p rim arily  of 
the du c ti C uvieri and dense nets o f  vessels in the 
dorsal fin fold. T he fo rm er a re  w ide and  long 
on  the especially  enlarged  an te rio r p a r t o f  the 
yolk and  th e  la tte r  last into th e  larval period  and 
rem ain  functional even a t the beginning o f  gili 
function . In  m ore highly oxygenated  w aters, 
du ra tion  o f  use and  degree o f  developm ent of 
respiratory  organs decreases.

C an ad a : Lepisosteus oculatus, L . osseus, Dallia 
pectoralis. U m bra  lim i, E sox  am ericanus am eri­
canus, E . a. verm iculatus, E . lucius, E . mas- 
quinongy, E . niger. C hrosom us eos. N o tem igonus  
crysoleucas, N o tro p is  b ifrenatus, N .  em iliae, N . 
heterodon, E rim yzo n  sucetta, Ic tiobus cyprinellus, 
F undu lus diaphanus. E theostom a  blennioides, E . 
m icroperca.

E urope : E so x  lucius. C yprinus carpio carpio. 
Blicca b joerkna, Carassius carassius, C . auratus 
gibelio. P hoxinellus m inu tus, R u tilu s  alburnoides, 
R . m acrolepidotus, R . p igus pigus, R . p . virgo, R . 
rubilio rubilio, R . r. arcasi. Scardinius erythroph­
thalm us, S . graecus, T inca tinca. C obitis taenia, 
C . calderoni, C . elongata. Sabanejew ia aurata, S. 
bulgarica, S . conspersa, S . larvata, S . rom anica. 
M isgurnus fossilis, A p han iu s fascia tus, A .  iberus, 
Valencia hispanica. A therina  hepsetus, A . boyeri, 
A . presbyter.

P sam m ophils  (A .1 .6 ), characteristics fo r w hich 
are  also taken  fro m  K ryzhanovsky (1 9 4 9 ) , hatch  
on  the surface o f  sandy bo ttom s and  are  m ainly 
adap ted  to  life in  runn ing  w aters. T he ir eggs are  
sca ttered  d irectly  o n  the sand  o r  n ear fine roots 
o f  p lan ts th a t h an g  over th e  sandy bo ttom . In  the 
la tte r  case, eggs adhere to  th e  roo ts and  em bryos 
fall to  th e  bo ttom  only  a f te r  hatching. T he 
eggs have  an  adhesive m em brane, b u t n o  cem ent 
glands a re  p resen t in  em bryos. Eggs o f  p sam ­
m ophils, like those o f  phytophils , a re  frequently  
sm all b u t th e  psam m ophils’ spaw ning season is 
som ew here betw een th a t o f  lithophils and  phy to ­
phils. T h e  em bryos becom e active im m ediately 
after hatching. T h is  im m ediate activity  facilitates 
em ergence from  th e  p lan t roo ts and  enables them  
to  d rift tow ards th e  sandy bo ttom . Soon afterw ard  
all activity  ceases. T he em bryos a re  pho to trop ic  
w hich enab les avoidance o f  crevices a n d  o ther 
shady a reas w ith  a  disadvantageous oxygen conten t.
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Fig. 5. a, Eleutheroembryo of Gobio gobio 4.7 mm long; b, the same 6.4 mm long 
from above (notice the sensory cupulae and large pectorals). After Kryzhanovsky 1949.

A daptation  to  highly oxygenated  w aters is reflected 
in respirato ry  organs lim ited to  the d u c ti C uvieri 
w hich becom e shorter relatively early  and  to  the 
little developed vena caudalis inferior  (F ig . 5 a). 
Pectoral fins appear very early  and develop into 
large appendages th a t, w hen they a re  spread, 
enable th e  em bryos and larvae to  rem ain  a t the 
bottom  in a  vertical position  (F ig . 5 b ) . In  view 
o f  this m ode o f  life the sw im bladder is reduced in 
size. Only in som e m em bers o f  th is guild  d o  the 
pectoral fins develop sim ple respiratory  vessels as 
d o  the dorsal and  ven tral fin folds; gills also 
becom e functional early , w ith  w ater entering  
w ide-open gili apertu res befo re  the m outh  is 
functional.

C anada: Thaleich thys pacificus. N o trop is he­
terolepis, N . hudsonius, N . stram ineus. Carpiodes 
cyprinus. C a tostom us m acrocheilus. A m m ocryp ta  
pellucida, and  Percina caprodes.

E urope : G obio  gobio , G . albipinnatus, G . kess­
leri, G . uranoscopus, N em acheilus barbatulus, N . 
angorae. M u g il cephalus, M . auratus, M . labeo, 
M . labrosus labrosus, M . I. septentrionalis, M . 
ram ada, M . saliens.

Brood H iders (A .2 )

M ost au tho rs consider th e  prepara tion  o f  redds 
and o th er sim ilar constructions as nest building. 
A fter depositing  eggs in  such constructions, the 
fish ab an d o n  them  im m ediately. C onsequently , a  
subsection fo r nonguard ing  nest spaw ners seem s 
appropriate . In  general, how ever, som e degree of 
p repara tion  and  p ro tection  o f h id ing  p laces o r 
objects hard ly  equals nest build ing and  is com m on

to  all guilds in this subsection. I am  inclined to 
consider as true  nests only  those p laces o r  con­
structions in w hich  paren ta l care  extends beyond 
initial egg deposition.

L ithoph ils  (A .2 .1 ) o f  this subsection  hide their 
eggs in natu ral o r  specially  constructed  places. 
N one guard  the deposited  eggs, a lthough the 
hiding p lace can  be guarded th roughou t the 
spaw ning period, and  O ncorhynchus nerka  is 
know n to  rem ain  w ith  the eggs fo r up  to 3 
w eeks until flushed away. In  m ost cases the 
hiding p laces (called  redds in sa lm onids) are 
excavated  in  gravel by the fem ale, well in ad ­
vance o f  the m ating ac t. O ne fish can  dig m ore 
than  one hiding place. G enerally , eggs are  buried 
under gravel ab o u t tw ice the height o f  the body 
o f  the digging paren t. In  such  hiding places 
oxygen conditions are  m uch less favorab le  th an  on 
the open  substrate a n d  m em bers o f  th is  guild are 
extrem ely lim ited  in th e ir  cho ice o f  spaw ning 
grounds. C lean gravei o r  rocks and  cold , clean, 
fast flowing w ater o r  springs are  alm ost essential 
to  assure a t  least som e exchange o f  w ater around 
the eggs and  to  p rov ide  sufficient oxygen. H idden 
eggs are better p ro tected  and  a re  m ore  likely to  
survive than  exposed eggs. T herefore , the fem ale 
can  channel h e r rep roductive  energies in to  m aking 
few er large eggs instead o f  m any sm all ones. In  
Salm onidae, eggs a re  abou t 5 m m  in  d iam eter. A  
large, dense yolk  w ith  a  m em brane im perm eable 
to  w ater form s an  eno rm ous su rface  fo r  a  special 
em bryonic  resp irato ry  o rg an  (F ig . 6a, b ) .  T his 
o rgan  is a  rich  netw ork  o f  vessels b ran ch ed  over 
th e  en tire  yolk su rface  (O lk o  1955) betw een the 
liver and  a collecting v itelline vein. Furtherm ore ,
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Fig. 6. a, Eleutheroembryo of Oncorhynchus keta 20.5 
m m long (2 =  vitelline vein, 3 =  hepato-vitelline respira­
tory vessels); b. Thymallus thymallus 24 mm long (1 =  
liver, 4 =  oil globule); c, Anoptichthys jordani 3.4 mm long 
(5 =  Cuvier's duct); d, embryo of Careproctus melanurus 
(? ) . A fter (a )  Disler 1957, (b ) Balon 1967a, (c) Frank 
1961, and (d ) Peden and Corbett 1973.
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the  em bryos h a tch  very  early , a n d  th is facilitates 
absorption  o f  oxygen. S ince they  are  strongly  
photophobic they  rem ain  h idden under the gravel 
even a fte r  ha tch ing  and  until m ost o f  th e  yolk  is 
digested. T he e leu theroem bryo  can ro ll and  push 
itself aw ay from  the original place o f  incubation  
in a  drive tow ard  better oxygen conditions. Be­
fore eleu theroem bryos em erge they  disperse under 
the surface o f  the bo ttom . L a te r they  em erge as 
large, fully form ed, active alevins. T his fu rth er 
decreases their m ortality  from  predators.

Some, fo r exam ple Salvelinus nam aycush, dig 
no redds b u t spaw n over a rocky bo ttom  w here 
the eggs settle in crevices and “honeycom b" cav i­
ties. T his is generally  considered a  secondary 
adaptation . T h e  eggs o f  m ost fishes in  this guild 
a re  nonadhesive, bu t H u ch o  ta im en , B rachym ystax  
lenok  and, to  som e lesser ex ten t, T hym allus arc­
ticus  a re  reported  to  have adhesive eggs; this can 
represent an  adap ta tion  fo r spaw ning w ithou t a  
previously p repared  h id ing  p lace fo r the eggs. 
T he eggs o f  Procatopus sim ilis  o r  H esperoleucus  
sym m etricus , the  fem ale o f  w hich squirts h e r  eggs 
in to  a  deep  crack  in the rocks, a re  strongly ad ­
hesive. H ybopsis m icropogon  constructs redds of 
singly picked pebbles and  a fte r  each  m ating  adds 
m ore pebbles to  cover the eggs.

C anada: O ncorhynchus gorbuscha, O. keta , O. 
kisu tch , O. nerka, O. tshaw ytscha, Sa lm o clarki, 
S. gairdneri, S . salar. Salvelinus alpinus, S . fo n ­
tinalis, S . m alm a, S . nam aycush . S tenodus leu­
cichthys, N o co m is  biguttatus, N . m icropogon. 
Sem otilus a trom aculatus, S . corporalis. E theos­
tom a  caeruleum . Percina copelandi, P. m aculata, 
P. shum ardi.

E urope: Sa lm o  salar, S . tru tta . H ucho  hucho, 
Sa lm o thym us obtusirostris, S . ohridanus, Salve­
linus alpinus, Thym allus thym allus, Z inge l zingel, 
Z . asper, Z . streber.

Speleophils (A .2 .2 ) a re  a  pecu liar guild  tha t 
could  have been p laced in  the previous subsection. 
E ven though th e  rare  troglodytes Caecobarbus 
geertsi and  A n o p tich th ys jordani expel the ir eggs 
in  a m ore o r  less haphazard  fashion, the substrate 
on w hich they  spaw n m u st have crevices and 
pores into w hich th e  adhesive eggs can ro ll and  
be hidden so  they  will n o t be ea ten  by the ir 
paren ts o r  o th e r cave inhabitants. N o  paren tal 
care  has been observed and  the fish presum ably 
follow  the reproductive habits o f  th e ir  predeces­
sors (A stya n a x  m exicanus) w hich live above 
g round  (C ahn  1958). N onetheless, the specialized 
m orphophysiological adap ta tions o f  the adults are  
paralleled by characteristic  adap ta tions in  egg 
num ber and  size, and in length o f  em bryonic 
developm ent. O nly a few  large eggs are  p roduced

and  th e  em bryon ic  period  is extended, m uch as in 
th e  p receding guild. W ell-developed larvae o r  
juveniles p robably  em erge from  these large eggs. 
T h e  large size o f  larvae and  ability  to  feed on 
larger item s guarantees good survival fo r those 
few  needed  to  keep the population  a t a  constan t 
density  (M o h r and  Poulson 1966). T h e  large yolk 
can  also serve as a surface fo r expanded  em bry­
onic  resp ira to ry  organs (F ig . 6 c ) w hich are  so 
essential in the hypoxic cracks w here the eggs 
develop, and  w hen fann ing  action  o f  the guarding 
paren ts is n o t available. N oth ing , how ever, is as 
yet know n abou t the spaw ning habits o f  these 
fishes in na tu re  (L iiling  1954).

P rovisionally  an o th e r species can  be included 
here. A ccording to  H ayley (1 9 5 7 ) captive R as­
bora trilineata  spaw ns only  in darkened  aquarium s 
and  deposits adhesive eggs under an ob ject on 
the bo ttom . H ow ever, this has no t yet been con ­
firm ed by o th e r authors, and  variation  in egg 
nu m b er and  size o f eggs is unknow n. I t is likely 
tha t th e  S ou th  A frican Clarias cavernicola  T re- 
w avas, 1936 belongs in th is guild , bu t no th ing  is 
know n o f  its breeding hab its and  developm ent 
( lu b b  196 7 ). P robably  o th er fishes belong to  
th is guild  and will be discovered la te r (R iedl 
1966). S tyg ich thys typh lops  is such a recen t dis­
covery.

T here  is no representative o f  th is guild w ithin 
the freshw ater fishes o f  C an ad a  and  E urope.

O stracophils  (A .2 .3 ) have already  been well 
defined by K ryzhanovsky (1 9 4 9 ) , a lthough he 
considered  them  a hom ogenous group  o f  th e  sub­
fam ily  A cheilognathinae (R hodeinae) only. We 
now  know  that a  sim ilar strategy is used by  som e 
G obioninae, liparids, and  a t  least one aulor- 
hynchid.

F ishes o f  th is guild h id e  the ir eggs in  the gili 
cham bers o f  live m ussels (U n io , A nodon ta , Cris- 
taria, e tc .) ,  crabs (Paralithodes cam tschatica. 
L opho lithodes fo ra m in a tu s), o r  ascid ians ( C yn ­
thia ro re tz i). Species o f  d ifferent phyletic lines 
h ave  developed this ability  and  represen t a re­
m arkable case o f  convergence. A ll fem ales o f  this 
guild  grow  an ov iposito r used to  in troduce  eggs 
th rough  the excurren t o r  incurren! siphon, o r  
th rough  th e  gili apertu res o f  the host. A s a  rule 
it is th e  m ales th a t select the host. T hey  eject 
the ir sperm  before o r  a fte r  the eggs have been 
deposited  (W ick ler 1973, p . 3 4 -3 5 ) . T h e  sperm  
is inhaled b y  th e  host w hich facilitates fertilization 
o f  the eggs.

F ecund ity  o f  m em bers o f  this guild  is low  since 
th e  host, in w hich th e  eggs a re  h idden  and incu­
bated , p ro tec ts  them  efficiently from  predators. 
H ow ever, one host can  h a rb o r som e 100 o r  m ore
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eggs deposited by different fem ales (B alon 1962a, 
1967a, Pho tograph  9 1 ) o r  even by one fem ale 
only  (Peden and  C o rb e tt 1973). Furtherm ore , 
there  is a h igher p ropo rtion  o f  yolk in the ir eggs, 
relative to  vegetative p lasm a, than  in o th e r fishes. 
T he yolk is also m ore concen trated , w hich p ro ­
longs the tim e o f  em bryon ic  developm ent and 
enables the larva to  leave the host in a  well- 
advanced state. Special adap ta tions w ere necessary 
to  enable  incubation  in such a strange environ­
m en t (inside an o th e r an im a l) . A daptation  to  a 
possibly low  oxygen con ten t p robably  causes an  
extrem ely slow  pace in  the early  stages o f  develop­
m ent. T his adapta tion  is irreversible, because eggs 
ex tracted  from  th e  m ussel and  incubated in  clean, 
well-oxygenated w ater develop n o  faster th an  
those w ithin the host's body , and m ost o f  them  
die.

V ery  strong  em bryonic  resp irato ry  organs de­
velop, and a  dense net o f  capillaries from  the 
subintestinal vein form s on  the surface o f  the 
yolk. Long, num erous loops o f  segm ental vessels 
and  o f  vena caudalis in ferior  form  dense resp ira­
to ry  areas in the dorsal and  ventral postanal fin 
fold (F ig . 7 ) . These tem porary  respiratory  organs 
a re  retained until th e  larva leaves its host.

In  som e species special tem porary  structures 
develop to  oppose the possible p rem atu re  expul­
sion from  the h o st (F ig . 7a, b ) . Eggs o f  acan- 
thorodein ids, w hich a re  reported  to  be m ore 
num erous b u t sm aller th a n  eggs o f  rhodeinids, 
ha tch  very early  and  becom e covered w ith  spine­
like epiderm al scales (F ig . 7 c ) . T he p rem ature 
e leutheroem bryos a re  capab le  o f  m oving in  a  
w orm -like m anner and  craw l away from  the 
initial, closely packed  group  in an  a ttem pt to  reach 
better oxygen conditions. E ggs o f  rhodeinids, 
w hich num ber less th a n  100 in one fem ale, are 
la rger than  those o f  acanthorodein ids and  are 
deposited  individually w ith in  th e  gili lam ellae o f  
the host; the eleutheroem bryos canno t craw l and 
develop no  spiny scales b u t the an terio r p a rt o f 
the ir yolk  form s a p a ir  o f  folds, bordered by 
glands o f  an unknow n function  (F ig . 7 b ) . These 
folds m ay  fix the eleu theroem bryo  inside the 
m ussel. H ow ever, as soon as the first pigm ent 
appears in the eyes, all em bryos o f  th is guild 
becom e highly photophobic , w hich presum ably 
prevents a  p rem atu re  departu re .

Eggs o f  liparids are  deposited in a  densely 
packed group  in  one o f  th e  gili cavities o f  the 
k ing  o r  box crab . T h e  m ass o f  eggs causes a 
collapse o f  the host’s gills (P eden  and  C orbett 
1973, Fig. 1 and  2 ) .  W hile the yolk is still very 
large, th e  em bryos have fully differentiated fins 
(F ig . 6 d )  and are , in  th is respect, sim ilar to  o th er 
m em bers o f  this guild.

C yprin id  fishes, like Rhodeus- sericeus, R . ocel­
latus, R . a trem ius. A cheilogna thus m oriokae , A .  
tabira, A .  cyanostigm a, A .  rhom bea, A . longipin­
nis, A . lanceolata, A . lim bata, Tanakia  tanago, 
and  Pseudoperilam pus ty p u s  deposit the ir eggs in  
the suprabranch ia l cav ity  o f  m ussels; Sarco­
cheilich thys variegatus in  the m an tle  cav ity  o r  in 
th e  incu rren t siphon o f  mussels (N ak am u ra  
1 9 6 9 ); the au lorhynchid  A u lich th ys  japonicus  in 
the peribranchial cav ity  o f  ascidians; and the 
liparids C areproctus  spp . in the gili cham ber o f 
th e  k ing and box c rabs (R ass 1950; V inogradov 
1950; H u n te r 1969; P arrish  1972; P eden  and 
C o rb e tt 1 9 73 ). K ryzhanovsky  e t al. (1 9 5 1 ) ind i­
cated  th a t Sarcocheilichthys nigripinnis czerskii 
(syn . C hilogohio so lda tovi) m ay  be an ostracophil, 
bu t B anarescu  a n d  N alban t ( 1973 ) and  B anarescu 
(1 9 7 4 ) concluded th a t fem ales o f  all species and 
subspecies o f  the E ast A sian  cyprin id  genus 
Sarcocheilichthys, excep t S . sinensis  (F ig . l b ) ,  
have long ov ipositors and  “lay th e  eggs in  the 
b ranchial cavity  o f  living fresh-w ater m ussels.” 
H ow ever, th ere  is neither convincing evidence o f 
this available n o r  a n y  d a ta  on the ir developm ent.

A  species from  L ake T angany ika  m ay  also 
belong to  th e  sam e guild. V anderp lank  (1 9 4 1 ) 
found  eggs in th e  m ussel o f  the genus Spa tha  in 
th e  resting phase during  th e  d ry  season. A  sim ilar 
phenom enon was repo rted  recently  by A ble and 
C astagna (1 9 7 4 ) , w ho found F undulus hetero­
clitus  eggs in  the shells o f  M odio lus dem issus, 
exposed to  desiccation a t low  tides in  V irginia. 
T he la tte r  w ould b e  the first such case reported  
from  the N o rth  A m erican  continen t. B oth the 
V irginia and  T angany ika  repo rts  have to  be in­
vestigated fu rther; in  the end it m ay  be found  
th a t the tw o species o f  fish are  closer to  one 
o f  the follow ing tw o guilds than  to  ostracophils.

N o  C anadian  species belong to  this guild. 
R hodeus sericeus am arus is the only E uropean  
representative.

A ero-psam m ophils  (A .2 .4 ) b u ry  the ir eggs ou t 
o f  w ater in the sands o f  sea beaches. T h e ir  eggs 
a re  incubated  in  the d am p  sand  until the re tu rn ing  
h igh tide w ashes them  back to  sea. T he tim ing 
o f  the spaw ning  ac t is surprisingly  perfect. I t  
o ccurs on ly  during  a single h o u r o r  so  du ring  
consecutive days o f  a single w eek and a t  ex­
trem ely  h igh  tide follow ed 14 days la te r by 
ano ther slightly h igher tide.

O nly th ree un re la ted  species o f  this guild  have 
been studied in  detail. Leuresthes tenu is  (n igh t 
spaw ner) and L . sardina  (day-tim e spaw ner) 
have p ink, nonadhesive, h a rd  eggs 2 m m  in  d iam ­
eter. W hen the fem ale reaches the highest po in t 
o f  the su rf w ith  one o f  the farthest runn ing  w aves
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Fig. 7. a, Embryo o f Rhodeus sericeus amarus 6 tnm long; b, R . sericeus sericeus 
5 mm long, and c. Acanthorhodeus asmussi 3 mm long (1 =  folds o f yolk, 2 =  
lower caudal vein); d, older embryo of R . s. amarus 8 mm long; e, R. s. sericeus 
8 mm long and f, A . asmussi 6 mm long (4  =  segmental respiratory vessels in dorsal 
fin fold, 5 =  respiratory extension of subintestinal vein on the yolk). After 
Kryzhanovsky 1949 and Kryzhanovsky e t ai. 1951.
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and i f  there  are  m ales close a t hand, she buries 
herse lf ou t o f  w ater, ta il first, in the sand. The 
m ales release sperm  in th e  sand nex t to  th e  fe­
m ale  w hile she deposits h e r  eggs. A fte r approxi­
m ate ly  2 w eeks a new  high w ave w ith m ultiple 
receding w avelets uncovers th e  em bryos (Fig. 
8 d )  w hich hatch  as they  a re  freed. T he Japanese 
fugu puffer, Spheroides n iphobles, spaw ns in m uch 
the sam e w ay b u t the eggs a re  deposited no t so 
fa r  o u t o f  the w ater and  m easure only  1 m m  in 
d iam eter. T hey  hatch  in  less than  1 w eek fU no 
1955) only i f  app rop ria te  rolling m otion  triggers 
the hatching. In  both  cases the ability o f  eggs to 
develop in dam p a ir  w as repo rted  independently; 
in w ater and u n d er d ifferent tem peratures no 
changes in the ra te  o f  developm ent w ere dem on­
stra ted , w hich led to  th e  conclusion tha t the 
pecu liar and e laborate  spaw ning  hab it “serves 
m erely  to  give p ro tection  to  the egg” (D avid  
1939).

X eroph ils  (A .2 .5 ) are  a  specialized guild o f 
fishes w ith a  sh o rt life span adap ted  to  the sea­
sonal desiccation o f  th e ir  habitat. These fishes 
inhabit, alm ost exclusively, sm all in term ittent 
w ater bodies, i.e. isolated pools and sw am ps in 
the A frican  savannah  o r  th e  South A m erican 
llanos and pam pas th a t d ry  up  com pletely during 
the d ry  season. Eggs are  deposited in th e  bottom  
sod, sand, o r  m ost frequently , m ud (e.g. W ickler 
1973, p. 106) and they survive the several m onths 
o f  d ry  season under the cracked  dry  crust o f  the 
dam p  sod o r  mud. In  extrem ely  dry  years the 
em bryos o f  xerophils can  survive as long as 18 
m onths and  m ore in the egg m em branes lodged in 
the d ry  m ud. Eggs o f  C ynolebias elongatus su r­
vived this period in d ry  pea t under laboratory 
conditions and 1 was able la te r  to  induce hatch­
ing o f  viable fish. W hen the pools refill after 
the first rains, the em bryos hatch  and  grow so 
rap id ly  tha t w ithin several w eeks they  are  able 
to  reproduce. W hen the w ater begins to  recede 
a t the beginning o f  a  new  dry  season, a  large 
n u m b er o f  eggs have already  been deposited along 
th e  subsequently  exposed shore line and  egg laying 
con tinues alm ost until the  pool dries u p  and  all 
ad u lt fishes die. M yers (1 9 5 2 ) characterized  these 
species as “annuals .” T h e  w hole population  sur­
vives only  in the egg m em branes, as h ibernating  
em bryos. T he em bryonic period  lasts nearly  as 
long as th e  rem ain ing  larval, juvenile, adu lt, and 
senescent periods together.

In  m em bers o f  th is guild  the adap ta tions fo r 
survival rest m ainly  w ith som e un ique  em bryonic 
characteristics. T he eggs can  a rrest the ir develop­
m en t a t  th ree different tim es. T he first resting 
tim e (d iapause I ) ,  usually  facultative, occurs 
early  in the cleavage phase  (F ig . 8 a ) .  T h e  cells

d isperse and  res t fo r several weeks. L a te r em bryo- 
genesis com m ences from  th e ir  reaggregated  m ass. 
T h e  tw o o ther resting periods (d iapause I I  and 
I I I )  a re  usually obligate (F ig . 8b, c ) .  D u ring  the 
tim e o f  developm ental arrest, yolk reserves re­
m ain  in tac t a n d  b lood circu la tion  stops entirely . 
H e a rt con tractions a re  occasional and feeble 
(P e te rs  1963, 1965; W ourm s 1967, 1972a, b . c ) .  
O xygen presum ably  reaches the eggs th rough  pores 
in  th e  d ry  soil and  is considered  the m ain  regu­
lating  fac to r fo r  the resting  periods. H atch ing  is 
induced by reduction  o f  oxygen  occurring  when 
ra in  w a te r clogs the po res in the m ud , and  b y  the 
p ressure o f  the w ater colum n above th e  eggs 
(M orensk i 1974).

T o  d a te , xerophils a re  know n only  from  cypri- 
nodon tid  fishes o f  A frica  and  South  A m erica. 
T he follow ing “have been show n to  have a  dis- 
persion -reaggregation  p a tte rn  o f  developm ent and 
the ability  o f  d iapause” (W ourm s 1 9 6 7 ): A p h y o ­
sem ion  arnoldi, A .  caeruleum , A . nigerianum , A . 
seym ouri, A .  w alkeri (nam es no t u p d a ted ) , A u s ­
tro fundu lu s m yersi, A .  transilis, A . dolichopterus. 
C ynolebias bellotti, C . nigripinnis, C . w hitei, C. 
m elanotaenia, C. w olterstorffi. N othobranchius  
guentheri, N . m elanospilus, N . orthonotus, N . 
palm quisti, N . rachovi, N . taeniopygus, N . fu rzeri, 
N . kirk i, P terolebias longipinnis, P. peruensis, P. 
zonatus, P. m aculipinnis, R achovia  brevis, R . 
h u m m elinck i, etc.

B . G u a rd e rs

S u b s t r a t u m  C h o o s e r s  ( B .l )

G uard in g  is a solely ethoiogical aspect o f  
guilds. I t  has, how ever, p ro found  ecom orphologi- 
cal consequences. B etter p ro tected  from  enem ies, 
guarded  eggs need no t be num erous to  assure 
survival o f  the species. C onsequently , eggs can 
often  be larger and  result in  m ore  viable offspring 
w ith less food specialization. (Inciden tally , ex ter­
na! food  independence is know n to  be assured by 
o ther m eans also.) F u rth e rm o re , spaw ning sites 
w ith  low  oxygen co n ten t can  be used because the 
guard ing  paren ts clean th e  eggs and  p roduce  a 
flow o f  w ater a round  them  by fin-fanning and 
o ra l ventilation. “In  all know n fishes th a t a re  
paren ta l, ou tside o f  th e  C ichlidae, the m ale is the 
paren t. T h e  evo lu tionary  progression has been 
from  ( i )  an  exclusively paren ta l m ale, to  ( ii)  
shared  paren tal care  b y  the m ale and fem ale, to  
(iii)  a  division o f  roles w ith the fem ale as th e  
d irec t p a ren t and  the m ale as guardian , to  (iv ) 
polygyny (B arlow  196 4 ). T his is c learly  a  fo r­
w ard progression  resulting  in a  m ore efficient 
division o f  lab o r betw een th e  m ale and fem ale” 
(B arlow  1974).

Fishes th a t d o  no t build  the com plicated struc-
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F ia  8. a -c . Resting times in annual fishes: a, diapause I 
in dispersed cell phase o f Rachovia brevis ( 1 — dispersed 
cells), b, diapause II during the long somite embryo phase 
o f Austrofundulus myersi, and c, diapause III in Pterolebias 
longipinnis just before hatching, 6 mo after fertilization; 
d, Embryo of the grunion Leuresthes tenuis 60 h after 
fertilization. After (a, b ) Wourms 1972c, (c ) own unpub­
lished material, and (d ) David 1939.
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tures, subsequently  called  nests, b u t th a t deposit 
their eggs on top  o f  a  selected object, a re  included 
in this subsection. T h e  surface chosen fo r egg 
attachm ent m ay b e  cleaned and  guarded in ad ­
vance o f  the spaw ning act.

Lithophils  ( B . I . l )  choose rocks fo r attachm ent 
o f the ir eggs. T h e  eggs are  o ften  m ore o r  less 
cylindrical and  one  pole is equipped w ith fibers 
th a t firm ly adhere  to  the rock  (Fig. 9 a ) . M ales 
o f  Loricaria parva  and L . m acrops, how ever, sit 
on their eggs like hens, cleaning them  w ith a 
m outh-sucking m otion and  fanning  them  w ith  a 
swinging m otion o f  the ir w hole body. T h e ir  eggs 
are  spherical and  have an  adhesive m em brane bu t 
no fibers. C hrom is chrom is  o f  the M editerranean 
deposits its eggs on slanting  rock surfaces in 
spaw ning colonies, and th e  m ale fans them  w ith 
his ta il (A bei 1 9 6 Í) . C yclop terus lum pus, which 
can also be fitted in to  th is guild, deposits a  m as­
sive, spongy cluster o f  p ink  eggs over 20 cm  in 
diam eter. T he fem ale a ttaches them  to  rocks 
and until they hatch  2 m onths later, the m ale 
fans and ventilates them  w ith  jets o f  w ater from  
his m outh (M ochek  197 3 ). Tetraodon cutcutia  
and T. fluviatilis  a re  repo rted  to  do the sam e, bu t 
the eggs hatch  in  a week.

E urope: G obius m elanostom us, G . gym no­
trachelus, G . batrachocephalus, G . cephalarges, 
G . kessleri, G . ratan, G . syrm an, B enthophilus  
stellatus.

P hytophils  (B . 1.2) in  this subsection scatter 
the ir eggs o r  a ttach  them  to  subm erged plants. 
T he males guard  and fan  them . T h e  p lace o f  egg 
attachm ent is som etim es selected and cleaned in 
advance of the spaw ning ac t and  som etim es not. 
A  variety  o f  aquatic  p lan ts, w ith no m arked  
preference, are  used by P olypterus, Paracheirodon  
innesi. S ilurus glanis, Jordanella floridae, Labrus  
berggylta, L . turdus, and Sardelia capensis. A rcho ­
p lites interruptus. P om oxis annularis, Elassoma  
zonatum , and C linus testud inarius  deposit the ir 
eggs in algal grow th. F ishes o f  the genus Pyrrhu­
lina  prefer broadleaved p lan ts  and Leucaspius  
a ttach  ribbon-like th reads o f  eggs to  b ro ad  leaves 
o r  around stem s. T he m ale o f  P olyp terus  also 
guards the larvae and  in Sardelia capensis both  
sexes are  reported  to  guard  the eggs.

N o  cem ent glands a re  know n in the m em bers 
o f  this guild. So th a t the eleutheroem bryos avoid 
con tac t w ith the hypoxic m uddy  bottom , the 
em bryonic period  is p ro longed  and  th e  new ly 
hatched  larvae swim instantly . P robably  as a re­
sult o f  the paren ts’ fann ing  activity  (M ertz  and 
Barlow  1966) the em bryonic  respiratory  organs 
are  feeble, a  characteristic  o f  nonguarded litho­
phils (A .1.3) (F ig . 9e, f, g )  also. G uarded  phyto­

phils developed th is characteristic  possibly as an 
adap ta tion  to  lentic conditions (K ryzhanovsky  
1949). In  o th e r m em bers o f  this guild  w ith 
bottom -dw elling larvae (F ig . 9c, d )  th e  develop­
m en t o f  external gills and large pecto rals (K e rr  
1907) com pensates fo r th e  lack  o f  oxygen.

C anada: P om oxis annularis.
E urope : U m bra kram eri. Leucaspius delineatus, 

L . m arathonicus, L . stym phalicus. S ilurus glanis, 
S. aristotelis.

A eroph ils  (B . 1 .3 ). So fa r  as is know n, this 
un ique  adap ta tion  is exhibited  by a single species, 
C opeina arnoldi. T h e  eggs a re  n o t deposited  in 
w a te r bu t on undersides o f  b road  leaves o r  rocks 
th a t overhang  th e  w ater. T he eggs a re  a ttached  
during  the spaw ning ac t, w hen fem ale and  m ale 
leap  o u t o f  the w ater together and  cling upside- 
dow n to  the chosen substrate , usually  abou t 10 cm  
above the surface o f  the w ater. Every  2 0  m inutes 
o r  so  th e  m ale  splashes th e  eggs by sw ishing his 
ta il, using the edge o f  the egg a ttachm en t substrate  
as an  aim ing cue (K rek o rian  and D unham  1972). 
T hree  days la te r the em bryos hatch  and  d ro p  into 
th e  w ater. L ike  phytophils , d ie  em bryos have 
cem en t g lands and  a ttach  them selves fo r  a short 
tim e to  p lan ts n ear the surface o f  the w ater. As 
a result o f  good oxygen conditions em bryonic  
resp ira to ry  vessels are  p robably  n o t well de­
veloped. M ating  o u t o f  w a te r occurs in  A p h y o ­
charax rubripinnis  (Innes 1935) and in  som e 
G landulocaudines. A erophilous rep roduction  could 
have  developed fro m  th is aerial m ating  w hich 
initially  facilitated  fertilization  on ly  (N elson 
196 4 ). P ro tection  from  enem ies seem s to  be the 
reason fo r th is adap ta tion .

Pelagophils (B .1.4) in this subsection a re  a  
specialized guild , w hich includes to  m y know ledge, 
only  O phiocephalus  spp. and  A nabas  spp . (B arlow  
e t al. 1968). T he ir eggs a re  nonadhesive and  
positively buoyant. D eposited  on  the su rface  o f  
the w a te r in openings betw een vegetation grow ing 
in the shallow s, they  float in  a  c luster; and  p ro ­
pelled by w ind, they  o ften  d r if t in to  rem ote  places. 
B oth th e  m ale a n d  fem ale guard  the eggs and 
larvae. Judging from  d a ta  o n  developm ent (Soin 
1960) a n d  from  the need o f  the adults fo r  com ­
p lem entary  aerial resp irato ry  organs, having pe­
lagic eggs seem s to  be an adap ta tion  to  hypoxic 
conditions. A s these pelagic eggs are , a t  th e  sam e 
tim e, vulnerable to  p redation , guarding evolved 
to  ensure p ro tection  against enem ies living in 
such habitats.

N e s t  S p a w n e r s  (B .2 )

Som e m em bers o f  th is  subsection bu ild  m ore 
and  som e less e laborate  struc tu res fo r egg deposi­
tion o r  fo r guard ing  the hatched  offspring, w hereas
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Fro. 9. a -b . Guarding iithophil Rhinogobius sim ilis: a, 
cylindrical eggs in cleavage phase with attachment tendrils at 
one pole; b, eleutheroembryo 3.2 nun long; c, Eleuthero­
embryo of Polypterus senegalus 7.3 mm long; and d, larva 
9 mm long with supporting wide spread pectorals, from 
above <1 =  external gills); e, Eleutheroembryo of Leucas­
pius delineatus 5.3 mm long; f, Silurus glanis 7.4 mm long; 
and g, Parasilurus azolus 6.3 mm long (2 =  ducti Cuvieri, 
3 =  respiratory vessels on the gili cover, 4  =  lower caudal 
vein). After (a, b )  Kryzhanovsky et al. 1951, (c, d )  Kerr 
1907, and (e, f, g) Kryzhanovsky 1949.
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som e only  clean the p lace o f  the fu ture  egg 
a ttachm ent. Som e clean by sandblasting, w hereas 
o thers are  less thorough. E ggs are  guarded though 
th is is no t alw ays the case w ith the hatched off­
spring (M ochek  1972). B ut i f  the offspring are 
guarded  they are also herded , e.g. into bottom  
pits, fo r som e time.

L ithophils  (B .2 .1 ) represents a polyphyletic 
guild  and  the ir eggs a re  deposited in single-layer 
o r  m ultilayer clutches on  cleaned areas o f  rocks 
o r  in pits dug in gravel. N um erous deviations from  
this sim ple schem e have been recorded in the 
m ode o f  nest construction  and  paren tal care . F o r 
exam ple, males usually  guard  only  the eggs de­
posited in  gravel nests built in  shallow  running 
w aters. T he nest o f  M yoxocepha lus quadricornis 
is bu ilt as a large p it in a  so ft m ineral bottom  or 
on a  flat c ircu lar c learing  am id algae and the 
m ale guards th e  egg cluster fo r an  extended 
period  o f  tim e (W estin  1970). T h e  nest o f  
L eporinus affinis is fo rm ed as a  cavity  in sand 
paved w ith  pebbles. N otrop is  cornu tus  som etim es 
builds its ow n nest in th e  gravel bu t prefers to 
occupy, in cuckoo-cow bird  fashion, those o f  H y­
bopsis m icropogon, H . biguttatus. Sem otilus cor­
poralis, S. atrom aculatus. E xoglossum  m axillingua. 
C am postom a anom alus, o r  M icropterus dolom ieui 
if  available. A  num ber o f  m ales m ay eventually 
spaw n over one nest. In  H exanem atich thys aus­
tralis, eggs are  buried  u n d er a m ound  o f  gravel. 
D orm ita tor m aculatus, M ogurnda  m ogurnda, and 
Crassiops gali a ttach  th e ir  eggs to  cleaned rock 
surfaces. A ll these nests are  guarded.

In  cichlids parental care  is usually extended 
an d  includes care  o f  the offspring a fter hatching. 
F requen tly  both paren ts guard , b u t “the fem ale 
does m ost o f  th e  d irec t paren ta l care  while the 
m ale guards the territo ry  o r  rem ains nearby until 
the  fry  begin sw im m ing. T hen  both  sexes guard 
them . T h ere  is evidence o f  an  inclination tow ard 
polygyny, bu t th is is coun terac ted  by selective 
pressure from  predators, requiring  bo th  parents 
fo r protection  o f  the fry” (B arlow  1974).

Eggs a re  attached  to  cleaned  places on rocks, 
and one o r  m ore pits a re  d u g  o n  th e  bottom , to  
w hich  the offspring a re  tran sfe rred  by m outh 
a fte r  hatching. A t n ightfall, th e  sw im m ing larvae 
and  juveniles are  o ften  herded  in to  these pits. 
T his applies to  A equ idens pulcher. A stronotus  
ocellatus, C ichla ocellaris. C ichlasom a facetum , 
C. severum , C . nigrofascia tum , C . cyanoguttatum , 
C. biocella tum . P elm atochrom is arnoldi, and 
m any others. T he fem ales o f  C ichlasom a aureum , 
C. tetracanthum , C . culteri, C . haitiensis, and C. 
m eeki, d o  m ost o f  the egg incubating  and  the 
m ales m ost o f  the pit digging. T h e  eleuthero­

em bryos o f  C. b im acula tum  and  C . fe s tivu m  a re  
no t placed in  the p its  b u t are  hu n g  o n  plants. In  
H eterotilapia m ultispinosa, p lan ts o r  vertical sur­
faces o f subm erged objects are  used if  m ud and 
detritu s m ake th e  use o f  bo ttom  p its  im practical 
( Baylis 1974).

“ N ot only  do the paren ts defend  the fry , bu t 
in m any species they also help  provide food. In  
som e species the paren ts tu rn  over leaves fo r 
the offspring ... W hen the fry  are  extrem ely 
hungry  in alm ost any C en tra l A m erican  species 
they  will begin to  graze on  the m ucus o n  the sides 
o f  the ir paren ts (C . nigrofascia tum , C . sp ilurum , 
C. m acracanthum , C . friedrichstahlii, C . beani, 
C. longim anus). In  C . citrinellum  th e  response is 
ap p aren t even w hen the fry  are  only  m odestly 
hungry  (N oakes and  B arlow  1973), as is also 
tru e  o f  C. labiatum "  (B arlow  197 4 ). G eophagus 
brasiliensis p icks up its offspring by  m outh m ore 
readily and  a fte r  less p rovocation  than  m ost 
cichlids, w hereas the eggs o f  G . jurupari and  G. 
balzani a re  actually  guarded  by bo th  paren ts in 
the nest fo r 1 day on ly ; then  th e  fem ale collects 
them  into h e r m outh  and  broods them  in  a  regular 
bearers ' ( C .1.3) m anner. T his m outh-bearing 
phenom enon occurs several tim es in different 
guilds o f  this subsection and  clearly  indicates the 
polyphyletic evolution  o f  m outh-brooding hab its 
(B reder 1933).

T he eggs are  alw ays spherical o r  elliptical and 
stick firm ly to  the substrate . Size varies greatly, 
as does color. P ylodictis olivaris eggs are  deposited 
in a  thick adhesive m ass th a t “shake[s] like a  bow l 
o f  jelly” w hen the m ale fans them , w hereas indi­
vidual eggs o f  P e lm a to c h r o m is  subocellatus and 
M ogurnda  m ogurnda  a re  a ttached  to  th e  sub­
stra te  by short stalks th a t w ave under the influence 
o f  fanning.

In  som e m em bers o f  th is guild  the photophobic  
reaction  o f  A . 1.3. lithophils is re tained  and  the 
e leutheroem bryos h ide u n d er th e  gravel o f  the ir 
nests and  are  guarded. B ut in the m ajority , the 
need to  h ide is rep laced  b y  paren ta l care . Som e 
th a t build  th e ir  nests in  ru nn ing  w ater have 
m oderately  developed em bryon ic  resp irato ry  o r­
gans; o thers from  lentic nest sites have highly 
developed yolk and  fin fold vessels (F ig . 10a). 
M ost e leutheroem bryos have  cem ent glands (head  
g lands) and  swing th e ir  ta ils rap id ly  w hile a t­
tached to  th e  substrate.

C anada: N otrop is cornutus, E xoglossum  m axil­
lingua, Ic ta lurus m elas, A m b lo p lite s  rupestris. 
L ep o m is auritus, L . cyanellus, L .  m acrochirus, L . 
m egalotis, M icropterus dolom ieui, and M y o x o ­
cephalus quadricornis.

E u ro p e : B enthophilo ides brauneri, M y o x o ­
cephalus quadricornis.
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Fig. 10. a, Eleutheroembryo of Cichlasoma cyanoguttatum  4.2 m m  long 
(1 =  ducti Cuvieri, 2 -- respiratory branches of subintestinal vein); b, embryo 
of Percottus glehni 3.7 mm long (3 =  respiratory branches o f hepatic vein); 
c, floating nest o f Gymnarchus niloticus. A fter (a )  Balon 1959b, (b ) 
Kryzhanovsky et al. 1951, and (c) D aget 1952.

P hytophils  (B .2 .2 ) in th is  subsection  a re  a 
polyphyletic guild  very m uch like the preceding 
one. Its  m em bers, how ever, a re  adap ted  to  nesting 
above o r  on a  soft m uddy bottom . F o r  exam ple, 
A m ia  calva. Clarias batrachus. Enneacanthus 
gloriosus, P om oxis  nigrom aculatus, Elassoma  
zona tum , E . evergladei. E theostom a  blennioides 
and  S tizosted ion  lucioperca, S . m arinum , and  5. 
volgense  co n stru c t c ircu lar nests on th e  bo ttom  
am id algae and  vascular p lan ts w hose roo ts are  
o ften  exposed (D m itriyeva 1 9 7 3 ); nests a re  built 
and eggs are  guarded by  m ales. E theostom a  
m icroperca  a n d  P erccottus g lehn i m ost o ften  a t­
tach  the ir elliptical eggs to  stem s o f  plants, 
w hereas th e  fem ale o f  H eterostichus rostratus 
constructs a nest in the kelp  and  lays eggs tha t 
a re  bound  together w ith adhesive th reads Mid

defended by the male. P terophyllum  scalare and  
P. e im eke i a ttach  the ir eggs to  a  thoroughly 
cleaned surface on a  b road  le a f and  im m ediately 
tran sfe r the newly hatched  eleu theroem bryos to  
an o th e r c leaned leaf. Several cleaned “nursery 
a reas” o n  a  num ber o f  leaves a re  m aintained 
sim ultaneously. I f  the young  get detached and 
fall w hile swinging the ir tails to o  vigorously during 
resp ira to ry  movem ents, each  is picked u p  and 
re tu rned  in the ir paren ts ' m ouths to  the plants 
w here they  hang by m eans o f  cem ent glands. T he 
sam e behavior is reported  fo r N annacara taenia, 
b u t in  add ition ’ the guard ing  paren ts can  signal 
danger by quivering the ir fins and  bodies. A t this 
the young  hide on  the b o ttom  o r  rem ain  m otion­
less close to  the ir paren ts. A m b lyd o ra s  hancocki 
builds a  nest o f  detached leaves, in w hich a flat
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cluster o f  eggs is covered by m ore leaves and  
guarded  by both  paren ts. "A equ idens coeruleo­
punc ta tu s  breeds in  stream s in  P anam a w here 
there is little hard  substrate on w hich they  can 
deposit the ir eggs. T he fem ale selects a  relatively 
rare  rubbery  leaf from  am ong the litte r on the 
bo ttom  and carries it  past th e  m ale during  cou rt­
ship. L ater she spaw ns on the leaf. ... W hen 
dan g er th reatens she grasps the lea f in her m outh 
and pulls it back u n d er the bank  o f  the stream  
o r  in to  shallow  w ater” (B arlow  1974).

Perccottus g lehni a ttaches cylindrical eggs to  
stem s by th reads on one  po le  (F ig . 10b). A  
m ore refined type o f  a ttachm en t occurs in  M o n o ­
cirrhus polyacanthus. 'T h e  eggs w hen first laid 
are  close to  the leaf to  w hich they  a re  attached, 
and  the supporting  th reads are  tightly  coiled into 
a  fine spiral. A s developm ent proceeds, th is sags 
dow n so tha t, by the tim e o f  hatching, the eggs 
hang  fa rth e r from  the le a f on a  straigh t th read .”

T h e  m ale o f  G ym narchus niloticus builds a 
floating nest o f  plants approxim ately  9 0  X 65 cm 
(F ig . 10c) in dense sw am ps. A m ber-colored, 
spherical eggs, 10 mm in d iam eter (sic) hatch  in 
5 days and  a fter 18 days the larvae are  ready to 
leave the nest. T he guarding m ale is very vicious. 
P olycentropsis abbreviata  attaches its eggs to  the 
underside o f  cleared areas on a  broad leaf, bu t in 
add ition  the m ale su rrounds them  with bubbles o f  
a ir fetched from  the surface. A  bottom  p it is 
then  prepared under th is le a f into w hich the 
hatched eleutheroem bryos d rop . T hey  soon leave 
this p it to  hang briefly on plants. O sphronem us 
goram y  builds its nest o f  p lan t fibers in m idwater, 
and incorporates som e m ucous a ir bubbles in the 
construction . T he eggs and young  are  positively 
buoyant and have to  be k ep t u n d e r the nest 
canopy  by the guarding paren ts. T he fro th  nest 
builders (B .2 .4 ) m ay have evolved from  here.

C anada: A m ia  calva, M icropterus salmoides, 
P om oxis nigromaculatus.

E urope : G obius ophiocephalus. S tizostedion  
lucioperca , S. m arinum , and  S. volgense.

P sam m ophils  (B .2 .3) in this section form  a 
guild  fo r w hich relevant da ta  are  available fo r 
only  a single noncichlid  fish and  one  cichlid fish. 
A b b o ttin a  rivularis m ales “build  special nests on 
the bo ttom ; o f  [sic] shallow  w ater (n o  deeper 
th an  4 0  cm , a t abou t 1 m  from  the sh o re ); the 
nests are  c ircu lar, the ir upper d iam eter is 12-43 
m m , the ir dep th  5 mm . [N est photograph in 
N ak am u ra  1963, fig. 47c.] A  fem ale spaw ns 
several tim es in  a  season. T h e  m ales guard  the 
nest. T h e  d iam eter o f  the egg is about 2 -2 .5  mm . 
T he larvae hatch  o u t in 6 -8  days (a t 1 8 °C ); 
they lay  [sic] usually on the bottom  and  move

very  little" (B anarescu  and  N alban t 1 9 73 ). T he 
eggs have  a  thick secondary  m em brane and  cover 
th e  en tire  bo ttom  o f  the nest in  a  layer over 2  cm  
th ick  (N ak am u ra  196 9 ). A t first, each egg is 
com pletely  covered  w ith  sand  grains, b u t during  
incubation  th e  egg m em brane loses its adhesive­
ness and  th e  sand  is gradually  w ashed off. A fte r 
hatching, the eleu theroem bryos and  larvae rem ain  
in the nest and  m ain ta in  a  stand ing  position while 
lean ing  on the ir w ide pecto rals (F ig . l l a - c ) .  
E m bryonic resp ira to ry  o rgans are  feebly de­
veloped (K ryzhanovsky e t al. 1951). A b b o ttin a  
rivularis, like the A .1.6 psam m ophils, has long 
cupulae  a t the beginning o f  exogenous feeding 
(see possible significance in B alon 1960).

C ichlasom a nicaraguense  “digs a rem arkably  
d eep  ho le  in the sand by a  rock  ... T he  eggs are 
no t only  large b u t ra th e r buoyant, bouncing 
a ro u n d  in the bo ttom  o f  th e  nest. T he absence 
o f  adhesive threads, large size, and buoyancy are 
adap ta tions to  preven t loss o f  the eggs in th e  sand. 
W hile the fem ale does som e fann ing  o f  the eggs, 
she also does an ino rd inate  am oun t o f  tak ing  the 
eggs in to  h e r m outh  and  spitting  them  o u t (S tra t­
ton , 196 8 ). A pparen tly  this species is b u t one 
step  aw av from  becom ing a  m outhbreeder” (B ar­
low 1974').

A phroph ils  (B .2 .4 ). A  un ique  hab it am ong 
characids w as reported  fo r H epsetus odoe. T his 
com m on A frican  pike-like fish builds nests o f 
floating fro th , 5 cm  deep and  about 20 cm  in 
d iam eter, usually p laced in grass o r  reeds along 
the shores. T he eggs, 2 ,5  m m  in d iam eter, are 
m ixed w ith  the fro th  and  a fte r  hatching, the 
eleutheroem bryos leave the fro th  to  hang  from  
th e  w ater surface by th e ir  cem ent gland. The 
fro th  nest is built by bo th  paren ts and is m ain ­
tained  and  guarded b y  one o r  the o ther, o r  by 
both  (Svensson 1933; Jubb  1967).

In  C allichthys callichthys  a  floating nest o f  
fro th  “is constructed  by  th e  m ale w ho takes the 
a ir  in to  his subterm inal m outh  in an  inverted 
position  and em its m ucus-covered bubbles from  
his gili cleft.”  O nly th e  m ale  m aintains and guards 
the nest. T he fro th  nest o f  H oplosternum  sp . is 
p laced under a  floating ra ft constructed  o f  aquatic  
p lants. T h e  fem ale p ractices an o ra l tran sfe r o f  
sperm , and  deposition o f  egg groups “cupped  
betw een h e r ventral fins."

A m ong anabantids a  surface fro th  nest is built 
by M acropodus opercularis. Trichogaster trichop­
terus, T . leeri. Trichopodus pectoralis. Parosphro­
m enus deissneri, Colisa labiosa, C. lalia and  Betta  
splendens. T h e  floating o r  sinking eggs (p re ­
sum ably  according to  the d ifferent s truc tu re  o f  
the eggs, Soin e t al. 1973) are  picked up , blow n
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Fig. 11. a-c . Psam m ophilus nest spawner Abbotina rivularis: a, egg in gelatinous secon­
dary membrane, b, protopterygiolarva 5.1 mm long from  above (1 =  respiratory snares of 
vessels in pectorals, 2  — cupula), c, same, from the left side; d, eieutheroembryo of 
Hoplosternum  sp. 6.5 m m  long (3 =  respiratory vessels in gili cover, 4  =  respiratory vessels 
in pectorals, 5 =  respiratory vessels of segmental and caudal veins in embryonic fin fold); 
e, anterior part o f Macropodus sp. with respiratory vessels (see Fig. 10b fo r explanations). 
After (a )  N akam ura 1969, (b, c ) Kiyzhanovsky et al. 1951, (e ) 1953, and (d ) Kryzhanov- 
sky 1949.
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in to  the bubble nest, and  cared  fo r by the male. 
Sphaerichthys osphrom enoides  and  Betta brederi 
have been  reported  to  bu ild  fro th  nests while 
keeping som e o f  the eggs in th e  m outh o r  som e­
tim es even practicing m outhbreed ing  (K ühm e 
1962). Som etim es the fem ale blow s a few  m ucous 
bubbles and cares fo r som e o f  th e  eggs; m ore 
often , how ever, she is driven  aw ay by the male. 
M acropodus cupanus  builds a less substantial 
bubble nest th a t is o ften  in m idw ater am ong 
p lan ts, o r  even in a shell o n  th e  bottom . Colisa 
fasciata  reinforces its fro th  nest w ith sm all p lant 
fragm ents. T he floating eggs o f  B elontia  signata  
and C tenops vittatus  a re  p laced in a  few bubbles 
only.

“T he fro th  nests o f  these fishes are  con ­
sidered o f  im portance as a  depo t fo r the eggs, 
protection  from  suffocation, p ro tection  from  sun ­
light, a ttrac tan t fo r m icroorganism s on w hich the 
fry  can  feed , an oxygen reservoir fo r the develop­
ing  fry, and as an  anchor fo r the eggs am id 
plants. T o  this list m ight b e  added  a protective 
effect against sm all m arauders, such as o th er 
sm all fishes and aquatic  insects.”  T h e  em bryonic 
resp ira to ry  organs on the yolk  are  know n to  be 
well developed (K ryzhanovsky  e t al. 1953) in 
spite o f  good oxygen conditions w ithin the froth 
nest (F ig . 1 Id , e ) .

Spelcophils (B .2 .5 ) are  a large polyphyletic 
guild o f  fishes guarding the ir spaw n in natural 
holes and cavities o r  in specially  constructed 
burrow s. The m ajority  sim ply deposit the ir eggs 
on a cleaned a rea  o f  the undersu rface  o f  flat 
stones and  the m ale guards th e  eggs. T he eggs 
can be in a single layer o r  in  tw o , as well as in a 
m ultilayered mass. T he eggs will, in  general, 
have good oxygen conditions d u rin g  their incuba­
tion  (M orris  1954), and  thus, th e  em bryonic 
respiratory  organs a re  on ly  m oderately  developed 
(F ig . 12a). M any  fishes can  be fitted in  this 
guild, as fo r exam ple, Pim ephales notatus, N o tu ­
rus flavus, A stroblepus chatae. Therapon jarbua, 
som e Etheostom a  spp ., som e G obius  spp., Sicy­
d iu m  japonicum , E rnogram us hexagram m us, 
O phidion elongatus, A rted iu s fenestralis, and C ot­
tus  spp.

E upom acentrus leucorus bu ilds its nest in sim i­
la r  holes under rocks; how ever, the cavity is first 
thoroughly  sandblasted. Egg attachm ent o n  a 
vertical rock surface w as reported  in  captive 
fish (B reder and C oates 1 9 3 3 ), and this indicates 
the possible origin o f  the stra tegy  to  guard  spaw n 
in natu ral cavities w hich give m ore protection 
th an  an exposed substrate. T h e  related E . leu­
costictus, as well as A b u d e fd u f zona tus  and m any

o th e r m em bers o f  this guild  guard  the ir spaw n 
inside em pty  shells o r  u n d e r stones o r  shells 
(K eenleyside 1972). In  som e, th e  eggs are  spheri­
cal, in o thers, m ore o r  less elliptical o r  cylindrical 
(B reder 1 9 4 3 ); som e o f  th em  have special ad ­
hesive th reads a t  the po le  o f  a ttachm ent. O thers 
a re  glued together by a  so rt o f  secretion (A n c is ­
trus anisitsi). In  the last m entioned exam ple 
strong  em bryonic resp irato ry  adap ta tions to  hy­
poxic conditions are  present.

In  A nop larchus purpurescens  and M acrozo ­
arces am ericanus  the  fem ale  guards the adhesive 
eggs u n d er stones and often  she can  be found  coiled 
a round  them . E leotris oxycephala  has pear- 
shaped  eggs w ith a  short stem  th a t a ttaches to  the 
inner surface o f  an o ld  piece o f  bam boo. T he 
m ale o f  O psanus tau  guards large adhesive eggs 
5 m m  in  d iam eter in  a nesting cavity , fo r w hich  
hum an  a rtifac ts are  p referred  if  available. T he 
eggs are  glued to  an  adhesive disc, p roduced  
before  th ey  are  attached . E ven  a fte r  hatching, the 
eleu theroem bryo  c a n  free  itself only  w hen the 
yolk  is nearly  absorbed, because the yolk  is a t­
tached to  th e  in n er side o f  th e  egg m em brane. 
Paraclinus m arm oratus  uses the inside o f  the 
sponge Verongia fistularis as spaw ning cavities 
a n d  a few o th er fishes are  rep o rted  to  d o  the 
sam e. Chaenogobius castanea  “deposits its eggs 
in the nearly vertical burrow s o f  the shrim p 
Upogebia.”

O ther m em bers o f  th is guild  bu ild  m ore o r  less 
e laborate  burrow s o f  the ir ow n. Steatocranus 
casuarius d ig  holes u n d er stones; o thers d ig  them  
in sand o r  clay (C ichlasom a m aculicauda ) and  
m ay use an  em pty shell as a  ro o f  (G ob ius niger,
G . m in u tu s ). A ncistrus anisitsi digs tunnels in 
banks a t th e  edge o f  a sw am p, as does Sym bran ­
chus m arm oratus. F lu ta  alba  builds a  U -shaped  
ho le  in a  m uddy  bo ttom  and  is reported  to  have 
strongly developed em bryonic  and  larval pectoral 
fins and  fin folds w ith resp irato ry  blood vessels. 
T hese fins are  later fully absorbed and  are  absent 
in  adults. Pseudobagrus fu lvidraco  builds vertical 
nest-burrow s 9 -1 4  cm  deep  in  th e  bo ttom  and 
the m ale guards the eggs (F ig . 12b). R ecently  
A carich thys heckeli was discovered to  excavate 
tunnels in  th e  bo ttom  (C ichock i 197 4 ). A ca n th o ­
gobius flavim anus  excavates Y -shaped burrow s. 
M ore com plex burrow s a re  built by P rotopterus 
sp ., the m ale o f  w hich digs a long tunnel and  an 
oval-shaped cham ber, som etim es w ith  m ore than  
one en try . T h e  eggs a re  deposited inside the 
cham ber, p robab ly  b y  m ore th a n  one  fem ale. T he 
oxygen concentration  is very  low  in such a  nest, 
w here th ere  are  as m any  as 500  larvae a t  one 
tim e. T h e  young  com m ence a ir  breath ing  only  
a fte r  50 days, while still re tu rn ing  in to  the nest.
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Fio. 12. a , Embryo o f  Coitus sp., b, eleutheroembryo of Pseudobagrus fulvidraco 5 mm 
long, and larvae c, o f Protopterus and d, Lepidosiren. After (a ) Portmann 1927, <b) 
Kryzhanovsky et al. 1951, and (c, d ) K err 1910.

and  w hen  ab o u t 23 m m  long (G reenw ood  1958). eggs in  d ifferent species (B rien  and Bouillon
T he w ell-developed em bryonic  resp irato ry  o rgans 1959). H ibernation  in  a  p a rch m en t cocoon  in  the
a re  assisted by th e  large ex ternal gills (F ig . 12c). d ry  season is in  som e species reported  to  be

Som e differences are  repo rted  in  the construe- facu lta tive. A daptations fo r incubation  under
tion o f  hurrow -nests and in the developm ent o f  hypoxic conditions are  even m ore e laborate  in
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Lepidosiren  paradoxa. A  long tube-like burrow  
w ith an en trance 10-12  cm  in  d iam eter is ex­
cavated o n  the bottom  o f  a  sw am p. T he burrow  
leads a  short distance dow n b u t a fter an  abrupt 
tu rn  continues to  lead fo r over 1 m  horizontally 
d irectly  to  the nesting cham ber. T he pelvic fins 
o f  the guarding m ale change a t nesting tim e into 
broom -like, highly vascularized organs tha t are 
able to  release oxygen inside the hypoxic cham ber 
and supply the m uch needed oxygen to  th e  de­
veloping offspring (F ig . 12d).

B ecause o f  a large variety  o f  adaptations for 
incubation  in cavities and holes, I  feei this guild 
is too  b road  to  serve its purpose. Barlow 's ( 1974) 
conclusion “th a t v irtually  all o f  the C entral 
A m erican cichlids a re  concealm ent breeders” 
expresses best the existing confusion. Fishes ex­
cavating special burrow s and  those guarding 
spaw n in shallow  and  existing cavities, i.e. u n d e r­
sides o f  rocks and inside o f  shells and sponges, 
as well as in hum an a rtifac ts (tin  cans, boards, 
boxes) should  be classified as belonging to  sepa­
ra te  guilds. H ow ever, n o t enough data  are  avail­
able on em bryonic  respiratory  organs o f either 
group  to  characterize w ith confidence tw o such 
separate  guilds.

C anada: Pim ephales nota tus. P. prom elas, Ic ­
talurus natalis, I. nebulosus, I. punctatus. N o tu rus  
flavus, N . gyrinus, I I . m iurus, E theostom a flabel- 
lare, E . n igrum . C ottus aleuticus, C. asper, C. 
bairdi, C. cognatus, C. con fusus, C. rhotheus, C. 
ricei.

E urope : R om anich thys valsanicola. Blennius 
fluviatilis, Padogobius nigricans, P. panizzai, 
P om atoshistus canestrini, P. caucasicus, P. longe­
caudatus, P. m icrops. Proterorhinus m arm oratus. 
C ottus gobio, C . poecilopus.

Polyphils  (B .2 .6 ) a re  fishes th a t are  no t p a r­
ticu lar in the selection o f  nest build ing  m aterial 
and  substrate. Some a ttach  the ir adhesive, spheri­
cal, o r  cylindrical eggs to  any cleaned surface 
(gravel, sand o r  sod ) and  subsequently  guard  the 
c lu tch  (N o to p teru s chitala. B adis badis)-, o thers 
build  nests o f seaw eeds o r  stones. T he eggs form  
tough and  rubbery  m asses th a t are , fo r exam ple, 
red o r  yellow in M yoxocepha lus scorpius and 
"m aroon  to  bright crim son” in Scorpaenichthys 
m arm oratus. H oplias m alabaricus, L epom is gib­
bosus, Enneacanthus chaetodon, and  Tandanus 
taudanus  build c ircu lar nests (C lark  and  Keenley- 
side 196 7 ), usually leaving sticks and  rootlets in 
place. These nests a re  am ong o r  next to  plants 
grow ing in  m uddy o r  sandy shallows o f  slow 
rivers o r  lagoons. T he last species also uses its 
m outh  to  carry  gravel and sticks in  its nest. In  all 
species the m ale guards the eggs (F ig . 13a).

B oth m ales and  fem ales o f  A rapa im a  gigas 
bu ild  nest-holes, 60 cm  in d iam eter and  2 0  mm 
deep, in the bottom  w here th ere  is a  cu rren t. T he 
young  accom pany their m other, w hile the m ale 
guards them  from  som e distance. W hite  tubercles 
o n  the head  o f  the guarding fem ale  are  said to  
prov ide som e kind o f  food  fo r  the young. In  
S ym p h yso d o n  discus  the nest is built o r  a  nesting 
area is cleaned on rocks, sand, o r  plants w ith 
exposed rootlets. T he m ucus covering the body 
changes into a w hitish, g ran u la r, and adhesive 
substance o n  the dorsal p a rts  o f  bo th  guarding 
paren ts and the young feed  on  this (W ickler
1 9 73 ). In  o ther cichlids th is phenom enon occurs 
to  a  lesser degree (e.g. N oakes and  B arlow  1973).

H etero tis n iloticus  builds a c ircu lar nest about 
1 m  in  d iam eter and  20 to  60 cm  deep  in swamps. 
T h e  rim  o f  the nest is a  h igh  w all fo rm ed  o u t o f 
p la n t chunks. T his w all is abou t 1 5 -2 0  cm  thick 
and  p ro jec ts above the w ater su rface . T he bo ttom  
is a  clean  p la tfo rm  o f  clay  o r  m ud. A fte r the 
spaw ning  ac t the fish leave by w ay  o f  a  hole in 
the w ail, th rough  w hich, 5  days la ter, the  young  
leave the nest an d  are  guarded  by the m ale. F o r  
exam ple, th e  nest o f  C renilabrus quinquem acu­
latus  “o f  fibrous p lan t m ateria l m ixed w ith  sand 
a n d  gravel, w as described as hem ispherical in 
shape  and  exceeding 20 cm  in d iam eter, w ith  an 
opening  n ear the bo ttom .” T h e  courtsh ip  and  
guard ing  o f  Crenilabrus is very  sim ilar to  th a t o f 
the stickleback.

C an ad a : Lepom is gibbosus.

A riadnophils  (B .2 .7 ) a re , w ith  som e excep­
tions, a  m onophyletic guild. Skill in nest building 
and  paren ta l care  are  rem arkably  developed. T he 
nest build ing m ale has the ability  to  sp in  a viscid 
th read  from  a k idney secretion , w hich b inds the 
nest o f  d ifferent m ateria l together. M ore th a n  one 
fem ale m ay lay eggs in the nest o f  one m ale, bu t 
only  the m ale rem ains to  guard . T he nests are 
bu ilt o f  various m aterials and  d iffer in  shape and 
position  (W under 1930; M clnerney  1969; Row ­
land  1974a). D ifferent species bu ild  the ir nests 
in  a  varie ty  o f  hab ita ts  and  different species de­
posit the ir eggs in  a  variety  o f  p laces w ithin it. 
In  o rd e r to  survive the eggs have  to  t e  constantly  
ventilated  by the guarding m ale. T h e  m ale guards 
th e  young  a fte r  they  ha tch  (F ig . 13b) until he 
can no longer orally  re tu rn  th e  w andering  off­
spring  b ack  in the nest. U p  to  200  eggs from  5 to  
7  fem ales w ere reported  in one  nest. O ne m ale 
som etim es guards several nests, skillfully ro ta ting  
the o rd e r o f  ventilation. T h is  m akes the m ale  o f  
the stickleback “about the busiest thing am ong 
fishes th a t can  well be im agined .” V entila tion  is 
achieved by fanning w ith  the pectoral fins, o r  by
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Fig. 13. a , Eleulheroembryo of Lepom is gibbosus 3.1 
mm long, b, Gasterosteus aculeatus 4.3 mm long and 
eggs o f  Amphiprion chrysopterus, c, after 3 h  of incuba­
tion in early cleavage phase, d, after 48 h in the middle 
o f embryonic phase. After (a )  Balon 1959c, (b ) Kuntz 
and Radcliffe ¡918, and (c, d )  Allen 1972.

pum ping w ater th rough  the openings o f  the nest 
w ith  the m outh , in a  so rt o f  speeded-up resp ira­
tion. T h e  m ale o f  A peltes quadracus  is reported  
to  ventila te  th e  eggs “by p lacing  his sn o u t into 
the h o le  [in the side o f  th e  nest] and  sucking 
w ater th rough  the nest by beating  m ovem ents o f 
his opercu la” (R ow land  1974b).

T h e  only  non-stickleback w ith  a  sim ilar ability 
is A u lorhynchus flavidus, w hich  utilizes “algal 
fronds [w hich it binds] by m eans o f  a  thread-like 
secretion  in  such a  fashion th a t the grow ing frond  
tip s p o in t dow nw ard. ... T h e  eggs are  th e n  placed 
above the p lace o f  binding, an  activity  th a t w ould 
seem  to  b e  derived  from  a fo rm er nest-building 
hab it.”  T h e  eggs, 2  m m  in d iam eter, rang ing  in 
co lo r from  red  to  tan , a re  deposited  in  m ore th an  
one  cluster an d  are  guarded  by th e  m ale. Pos­
sibly o th er non-sticklebacks should  be included 
in  th is guild. T h e  B ritish  w rasse, Crenilabrus 
m elops , w as repo rted  to  bu ild  e laborate  nests o f

algae (P o tts  1973), and  can b e  considered as a 
poten tia l m em ber o f ariadnoph ils  if  th e  use o f 
thread-like secretion is proven.

C an ad a : A p e lte s  quadracus. Culaea inconstans. 
G asterosteus aculeatus, G . w heatlandi, and  Pun­
gitius pungitius.

E urope : G asterosteus aculeatus, Pungitius pun­
gitius, and  P. platygaster.

A ctinariophils  (B .2 .8 ) nest u n d e r th e  active 
p ro tection  o f  the tentacles o f  sea  anem ones (e.g. 
R ad ian thus) .  A n area nex t to  th e  pedal d isc  o f  an 
ac tinarian  is c leaned, and  cy lind rica l eggs (F ig . 
13c, d )  are  a ttached  to  it. B oth paren ts guard 
in term itten tly , fan  w ith  th e ir  pec to ra l fins and 
occasionally  w ith  the ir caudal fins, m o u th  the 
eggs, and  exhibit substrate  nibbling  a t th e  p e r­
iphery  o f  the egg clu tch , sim ilar to  the initial 
c lean ing  activity. D ead  eggs a re  eaten . M outhing 
m ay involve coating the eggs w ith  a  m ucus tha t
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protects the eggs against nem atocysts. T he ten ­
tacles o f  the anem one frequen tly  brush the egg 
c lu tch  w ithout harm ing  it. H atch ing  occurs in  a  
week and  during the night. T h e  eleutheroem bryos 
first sink to  the bo ttom  b u t th en  im m ediately 
sw im  u p  in zigzag fash ion  to  the surface. Á  
pho to trop ic  reaction  has been observed. L arvae 
swim n e a r the surface during th e  daytim e and 
lie on th e  bottom  a t  night. Soon a fte r  th is short 
pelagic m ode o f  life, early  juveniles 6 -8  m m  long 
select th e ir  host anem one and begin the ir acclim a­
tion by careful and brief contacts. A t th is tim e 
they  are  prom ptly  stung  b u t they  d a rt away. 
A fte r 24 hours, how ever, they  are  able to  en ter 
the o ra l disc o f the anem one w ithout harm . 
P robably  in different species {Allen 1972) e ither 
the fish o r  the ac tinarian  becom es acclim ated.

Only 26 species o f  the pom acentrid  genus 
A m ph ip rio n  a re  presently  know n to  have  this 
nesting dependency on actinarians.

C. Bearers

E x t e r n a l  B e a r e r s  (C .! )

E xternal bearers ca rry  the ir developing eggs on 
the surface o f  the ir bodies o r  in externally  filled 
body cavities o r special organs.

Transfer brooders (C .1.1) encom pass fishes 
tha t ca rry  their eggs fo r a certa in  tim e before 
depositing them . In  som e m em bers o f  this guild 
only  tw o to  four large, adhesive eggs are released 
a t a  tim e into a  “basket" fo rm ed b y  the cupped 
ventral fins (see photographs in A xelrod 1971, 
p . 2 8 -3 4 ) . Fem ale C allichthys fasciatus and 
C orydoras sp. carry  the spherical eggs in their 
fins during  a  prolonged search  fo r a suitable 
p lace to  a ttach  them . O ther m em bers o f  this gtiild 
such as C ubanichthys cubensis and O ryzias spp. 
have 2 0 -4 0  eggs, about 1 m m  in  d iam eter, hung 
in  a cluster from  the genital pore o f  the fem ale 
(see pho tograph  in A xelrod a n d  Shaw  1967, p. 
3 8 5 ) . Y am am oto  (1 9 6 7 ) described this condition 
in O. latipes as follow s: "A fte r the ova are  ex­
pelled en masse a t the tim e o f  m ating, a  cluster 
o f  eggs rem ains attached  to  the belly  o f  the 
fem ale fo r  som e hours, suspended from  th e  ovi­
duct po re  by fine th reads a ttach ed  to  the chorion .” 
Som e observers noted  th a t th e  eggs w ere carried  
by the fem ale until they  hatched ; o thers found 
tha t the fem ale sought ou t convenient notches 
betw een a  p lan t leaf and stalk  in  w hich to  catch  
and te a r o ff th e  egg cluster. N evertheless, in  C ory­
doras and O ryzias these p rocedures seem  to  be 
an  adap ta tion  to  rem oving th e  eggs from  the 
spaw ning site, because the a tten tion  o f  p redators 
d raw n by the spaw ning ac t endangered  the eggs.

T his guild  has probab ly  less phyletic significance 
fo r th e  guilds tha t follow  i t  th a n  has, fo r exam ple, 
the hen-like guarding in  Loricaria  (B .1 .1) fo r the 
sk in  brooders (C . 1.5) a n d  p ouch  brooders 
(C . 1 .6 ), o r  the m o u th -transfe r o f  eggs by nest 
spaw ners (B .2 .1 ) fo r the m ou th  (C .! .3 )  and 
g ill-cham ber b rooders (C . 1 .4 ). H ow ever, th e  pos­
sible relationship  o f  th e  second type o f  tran sfe r 
b rooders w ith  the fo rehead  brooders can n o t be 
denied.

F orehead  brooders (C .1 .2 ) are  a  unique m ono- 
phyletic guild. M atu ring  m ales o f  K u rtu s  gulliveri 
and  K . indicus  g radually  develop a  hook  on the 
superoccip ita l region. T his hook  juts fo rw ard  and 
o u t from  the fo rehead  and the tip  is ben t dow n­
w ard  (F ig . 1 4 a ). In  the spaw ning  season, this 
appendage is covered w ith  a  th ick  layer o f  skin. 
A  cluster o f  eggs, a ttached  by  a  th read  looped 
th rough  th e  hook, is ca rried  o n  the fo rehead 
(F ig . 14b). W hen the eggs a re  hanging from  the 
o v iduct pore, they  a re  p robab ly  collected b y  the 
m ale. T h is  situation is sim ilar to  th a t described 
fo r the previous guild.

M o u th  brooders (C .1 .3 ) incubate  the ir eggs in 
the buccal cav ity  and fo rm  a diverse polyphyietic 
guild . M outh  brooding evolved from  th e  substrate 
guarders’ p rac tice  o f  clean ing  and tak ing  eggs 
in to  the m outh  during  hatching, and  o f  tran sfe r­
ring  the brood orally  fro m  incubation  substrate 
to  nursery  p its. T ran sfe r b rooders could  also have 
con tribu ted  to  the developm ent o f  m outh  b ro o d ­
ing  (O ppenheim er 1970). T he fem ale o f  Tachy- 
rus argyropleurodon  deposits h e r eggs in a basket 
fo rm ed by the pelvic fins from  w hich she transfers 
them  directly  to  the m outh  o f  the m ale. In 
A p o g o n  im berbis “eggs are  cast in a single m ass 
o f  m aterial bound together by tendrils arising 
from  one pole o f  the eggs. T h e  m ale im m ediately 
takes them  in his m outh . ... T he  eggs a re  spat 
o u t by the m ale n ear the tim e o f  hatching.” In  
A pogon  sem ilineatus, w hich practices a sim ilar 
egg tran sfe r, both  sexes brood the eggs orally. 
T he fem ale o f  G lossam ia g illi releases h e r eggs 
g rouped  in a  thin m em brane. T h e  m ale tears th is  
a p a rt im m ediately and  takes the eggs, one a t  a  
tim e, in to  his m outh . E volutionarily , p robably  
only  th e  m ales developed th is hab it, and it  is still 
restric ted  to  m ales am ong such species as Bagre 
m arinus, G aleichthys felis . N e tu m a  com m ersoni, 
A riu s  falcarius, Potam arius nelsoni, and P. 
izabaiensis.

In  tru e  nesting fishes, how ever, first “both  sexes 
tak e  p a r t in excavating a  nest ho le  fo r the recep­
tion o f  the eggs, a fte r  w hich the fem ale takes 
them  in to  her m ou th ."  T his is also the case w ith 
P elm atochrom is  spp. In  m ore advanced brooding
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Flo. 14. a, b, Foreheads of K urtus gulliveri males with bare hook (a )  and 
with lodged egg cluster (b ) ; c, d, female o f  Solenostomus (c ) , detail o f  pelvic 
fin o f female with attached eggs (d ) ; e, f, ventrum of Aspredo female with 
attached eggs (e ) and detail of an egg on stalk within vascularized skin capsule 
<f). After (a, b ) G uitel 1913, (c, d ) Willey 1910, and le , f)  Wyman 1859.
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strategies in  H aplochrom is  spp ., Tylochrom is  spp., 
and som e Sarotherodon  spp ., th e  protective col­
lection o f  eggs is ca rried  o u t im m ediately after 
deposition, and fertilization  is ensured within the 
buccal cavity. Even then  som etim es elaborate, 
closely guarded sand nests are  bu ilt (H aplochro­
m is  heterodon. Sarotherodon ku ro m o ) by the 
m ale. T hese nests are  usually species-specific, 
c ircu lar depressions in the sand ranging from  0.3 
to  1 m in d iam eter. T hey  have conical m ounds 
and  various types o f  rim s and eccentric grooves. 
Sm aller nests are  excavations p roduced  by fin and 
body m ovem ents. "... th e  nest is built u p  by the 
laborious process o f  m oving m outhfuls o f  sand 
in to  the co rrec t position, and  by  this m ethod 
som e o f  the m ost e laborate  and  beautifu l nests 
are  constructed" (F ry e r  and lies  1972).

M ales o f  these species possess bifid genital 
tassels o r p igm ent egg-dum m ies o n  the ana! fin, 
w hich stim ulate fem ales to  inhale sperm  before 
and  a fte r egg laying and egg p ickup. T he sam e is 
true  fo r the free  spaw ning (w ithou t a nest) Tro­
pheus  w hose eggs can  be m oved im m ediately to 
the protection  o f  the m outh  w ithout losing tim e 
in  depositing them  in a  nest fo r ex ternal fertiliza­
tion. T his is vital in a  crow ded hab ita t, o r  w here 
egg-eating specialists a re  never f a r  away (F ry e r 
and  lies 1972).

M outh-brooding individuals can  usually be 
recognized by a m arked  dow nw ard  deflection o f  
their buccal cavity. T h e  eggs are  few  but large. 
Tropheus m oori and Labeotropheus trewavasae 
in m y aquaria  carried  only tw o to  eight eggs per 
fem ale and  it is unlikely tha t in na tu re  they can 
brood m ore than  2 0  eggs. T he eggs are  spherical 
o r  elliptical, w ith a m axim um  length o f  only 3 
m m  in  som e species b u t as large as 7 mm in  T. 
m oori and  H em iba tes stenosom a. O steoglossum  
bicirrhosum  carries about 2 0  eggs 6 m m  in 
d iam eter, w hereas m ales o f  Bagre m arinus  carry  
over 50 eggs o f  abou t 20 m m  in  d iam eter, a  size 
also reported  fo r A riu s  dispar.

T h e  yolk in the eggs o f  m ost m outh  brooders 
is very  concen tra ted ; w ater con ten t is only  5 0 -  
60 % . E arly  in the em bryonic  phase a  strong 
blood circu lation  develops w ith  netw orks o f  res­
p ira to ry  vessels spread ou t in the dorsal and  anal 
fin folds and  o n  the yolk. A fte r hatching, the egg 
m em branes are  usually sw allow ed by  the b rooding  
paren t. E xcept in  A . im berbis, the  larvae are  
brooded to  the end  o f  larval period  (if such exist), 
and only  the relatively large, free  swim ming 
pterygiolarvae o r  juveniles (like those in salm onids) 
are  released from  the m outh . W ith  som e excep­
tions, the young periodically seek  refuge in their 
m others’ o r  fathers’ m ouths, and  th ey  are  herded 
fo r som e tim e. N o  cem ent glands are  present.

N one are  know n from  freshw aters o f  C an ad a  
o r  E urope.

G ill-cham ber brooders (C . 1 .4) m ay b e  derived  
from  m outh  brooders; they  include, so  f a r  as is 
know n, only  the N o rth  A m erican  cavefishes. 
T yph lich thys subterraneus, A m b lyo p sis  spelaea, 
A . rosae. Speoplatyrhinus poulsoni, Chologaster 
agassizi, and C . cornuta  incubate  the ir eggs in the ir 
gili cham bers. T he fem ale probab ly  takes the eggs 
in to  h e r  m outh  and  subsequently  passes them  into 
the gili cavity, w here they go o n  developing until 
som e tim e a fte r  hatching. In  the end , th e  gili 
cover m uscles usually slacken and  the young  
fall out. A bou t 7 0  eggs 2.3 m m  in  d iam eter a re  
repo rted  p e r fem ale.

S k in  brooders (C . 1.5) a re  a  specialized guild. 
Fem ales in som e species o r  m ales in o thers ca rry  
the eggs attached  to  th e  ven tral surface o f  the ir 
body. F em ales o f  a  g roup  o f  S ou th  A m erican  
catfishes, w hich  includes B unocephalus  spp., 
A spredo  spp ., P latystachus spp ., and Loricaria  
piracicalae develop a  special, d ifferentiated, 
spongy skin on th e ir  ven trum . T hese fem ales ro ll 
o n  the eggs a fte r  they  have been fertilized  and 
th e  eggs adhere  to  the skin. A fte r som e tim e a 
cup  w ith a  sta lk  envelops each  egg. T h is  cup, 
w hich grow s fro m  the skin, is vascularized  (Fig. 
14e, f )  and perform s som e k ind o f  gas and 
nu trien t exchange. T h is  type o f  reproductive 
strategy is also used by som e pipefishes, in w hich 
fem ales loosely attach  groups o f  eggs o r  single 
eggs to  the ven tral surface o f  the m ale during  
copulation . T h e  eggs becom e em bedded in a 
spongy m ass o n  the m ales’ ven trum  (E ntelurus  
aegnoreus, N erophis, P hyllop teryx )  o r  a ttached  
singly to  special stalks. Skin incubation  probably  
gave rise to  the nex t guild  (F ig . 14c, d ) .

P ouch  brooders (C .1.6) encom pass th e  sam e 
phyletic lines as skin brooders. T h e  eggs, sim ilarly 
incubated  o n  modified sk in , a re  enveloped by 
specially transfo rm ed  structu res, o r  covered w ith 
a m em brane o r  plates, thus fo rm ing  a  m arsupium . 
In  Loricaria vetula  and  L . anus  the  pouch  is 
fo rm ed by  an  enlarged  and  everted  low er lip  o f  
males. In  fem ales o f  Solenostom us  spp . the very 
large ven tral fins “w ith th e ir  in n er m argin  adnate  
to  abdom en, the ir o u te r m argins un ited  a t  the ir 
base fo r a  sh o rt d istance, [form ] a  large pouch  
fo r th e  recep tion  o f  the eggs, w hich  a re  fastened 
by peduncles on th readlike filam ents o f  th e  ab ­
dom inal sk in” (W eber and  d e  B eaufo rt 1922). 
In  pipefishes and  seahorses (Syngnathus, S iphis- 
tom a. P enetop teryx, S tigm atophora, H ippocam ­
p u s ) a  special m arsup ium  is fo rm ed  o n  the ven ­
trum  o f  th e  males. T h e  b ro o d  pouch  can  be
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m em branous o r  covered by  protective bony plates. 
In  som e, th e  eggs a re  em bedded in  a spongy skin 
covered only  by  la te ra l p rotective p la tes (see 
photograph  in A xelrod and Shaw  1967, p . 8 6 ) . 
T he eggs a re  deposited in the pouch  during 
m ating  w hen  bo th  p a rtn e rs  em brace  face to  face. 
T he p ro trud ing  ov iduct o f  the fem ale is “th rust 
into  d ie  bu ttonhole-shaped opening  a t  th e  an terio r 
end o f  the m arsup ium ” ; the eggs a re  fertilized  as 
they  pass in to  th e  pouch . A bout 150 eggs can be 
incubated. O ne fem ale fills up  the pouches o f  
m ore th an  one m ale, o r  one  m ale collects eggs 
from  several fem ales if  h is  p ouch  has no t been 
filled by the first fem ale. T h e  m ale is capable o f 
pushing eggs to  h is  pouch  by peristaltic m otions. 
T he sam e m echanism  is also used to  flush o u t the 
em pty  pouch  befo re  new  eggs are  accepted. T he 
offspring leave the pouch  late, as juveniles.

N one occurs in  freshw aters o f  C an ad a ; in 
E urope: Syngna thus abaster  and  S. nigrolineatus.

I n t e r n a i . B e a r e r s  ( C . 2 )

T he eggs are  fertilized in ternally  before  they 
are  expelled from  the body cavity. Special organs 
are  som etim es (o r  ? usually) developed to  facilitate 
sperm  transfe r. M ating  does n o t necessarily co ­
incide w ith  fertilization . A fte r an  in itial copu la­
tion, sperm  can b e  sto red  fo r a lifetim e. A fte r 
fertilization  the eggs can  be expelled and incu­
bated  ex ternally  o r  retained in the body  cav ity  of 
the fem ale, a fte r  w hich full-grow n juveniles are 
born . B ecause an  excellent review  has recently  
been published by H o a r (1 9 6 9 ) , only  th e  m ost 
basic da ta  will be given in the follow ing text.

O vi-ovoviviparous  (C .2 .1 ) fishes, w hich form  
this in term ediary  polyphyletic guild , lay eggs 
fertilized internally . Egg expulsion can  take place 
a t the m om ent o f  fertilization , a t  the beginning 
o f  cleavage, o r  a t  any tim e during  the em bryonic 
phase. In ternal fertilization  is effected by special, 
o ften  com plicated , organs. In  C orynopom a riisei. 
G landulocauda inequalis, C oelurich thys m icro ­
lepis, C . tenuis, a n d  G ephyrocharax valencia, it  has 
been suggested th a t “sperm  vesicles are  lodged in 
the fem ale’s ov iduct” w ithout a copu la to ry  organ 
and “spaw ning occurred  in the absence o f  m ales” 
(N elson  1 9 64 ). In  elasm obranchs the eggs are  
internally  fertilized w ith  the help  o f  large m ixop- 
terygia. A fte r fertilization  th e  eggs are coated  
in  a  du rab le  ho rny  case. In  H eterodontis francisi 
and  H . galeatus, fo r exam ple, the eggs have the 
shape o f  a capsu le  w ith  a  double sp iral; R h in ­
codon  typus, Scyliorh inus canicula, G aleus m ela­
nostom us, and  R aja  spp. p roduce squarish  eggs 
w ith  long sp ira l tendrils a t each  co rner. In  som e 
species these tendrils entangle objects and  assist

in fu rth er expulsion o f  the egg. In  G ing lym ostom a  
cirratum  the  ho rny  egg capsule rup tu res long 
before  the expulsion of the em bryos. T he em bryos 
have  ex ternal gili filam ents and  can  develop n o r­
m ally in sea w ater if  surgically taken  o u t o f  the 
fem ale. Incuba tion  is usually long, 10 o r  so 
weeks, and  the num ber o f  eggs v ery  low. Tw enty- 
six young  w ere reported  from  a fem ale o f  G . 
cirratum . C him era  spp., C allorhynchus, and H y ­
drolagus have  an additional fron ta l c lasper and 
eggs in a  ho rny  case w ith  two la teral fins.

M ales o f  Trachycorystes striatulus, Astero- 
p hysis  spp ., and Tatia spp., fo r exam ple, have a 
fleshy in trom itten t organ. Eggs are  fertilized after 
ovulation  and before they are  extruded. Phena­
costethus sm ith i has a com plicated  fleshy copula­
to ry  o rgan  called  a p riapium , w hich in G ulaphallus 
m irabilis is assisted by special grasp ing  organs, 
the toxactin ium  and  the c tenactin ium . Recently, 
an entire ly  different copu la to ry  o rgan  has been 
described in P antodon buchholzi, a  fish th a t has 
fo r som e tim e been know n to  deposit in ternally  
fertilized eggs (L astein  and van D eurs 1973). 
Tom eurus gracilis has an e labo ra te  gonopodium . 
T h e  fem ale deposits eggs, alw ays a ttach ing  them  
to  som e ob ject by long filam ents o n  the chorion. 
T he eggs can  also be incubated  internally . In 
e ither ex ternal o r  in ternal incubation , the em ­
bryos o f  th is species develop a norm al pericard ial 
serosa th a t com pletely envelops the head  and tha t 
is sim ilar to  the true  livebearing X ip hophorus  o r 
G am busia. H oraichthys setnai p roduces sim ilar 
em bryos from  eggs 0.21 to  0 .35 m m  in  d iam eter 
a fte r  1 0 -2 0  days o f  incubation . T he genital pore 
o f  the fem ale, how ever, is deflected to  one  side 
m atching a  sim ilar deflection of the gonopodium  
in the male.

O voviviparous  (C .2 .2 )  fishes incubate  the ir eggs 
in the body cavity  w here they  grow  by utilizing 
the yolk. F ertilization  is in ternal and is usually 
facilitated by in trom itten t o rgans. “Latim eria  lacks 
pelvic c laspers o r  anal fin specialized as an  in tro ­
m itten t o rgan  ..., b u t m ales do  possess m odifica­
tions o f  th e  cloacal region, w hich are  possibly 
developm ents fo r in ternal fertilization . These are 
the extension  o f  the cloaca in to  a  tubercle , and 
a series o f  su rrounding  erectile  c a ru n c u la ” 
(G riffith  and  T hom son  1973).

T he deposition  o f  eggs o r  em bryos in  m em bers 
o f  this guild  is delayed until ha tch ing  o r  even 
beyond th a t. R adioisotope studies have proved 
tha t nutrim ents are  n o t taken  by em bryos from  
the fem ale (S cy lliu m ) du ring  incubation  and  
gestation in  her body. W ell-form ed egg cases w ith  
rud im entary  tendrils a re  o ften  incubated  in  the 
fem ale body  fo r a  y ear o r  u p  to  22 m onths
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{C hlam ydoselachus anguineus. H exanchus griseus. 
N otorynchus m aculatus. Scapanorhynchus ow stoni. 
Squalus  spp ., e tc .) .  I t  is repo rted  th a t a fem ale 
elasm obranch can  have from  2 to  over 100 em ­
bryos. T he eggs a re  large and  single o r  up  to 
fo u r o r  five p e r case, and  the case is som etim es 
divided into cham bers {Pristis sp .) .

O n January  5, 1972, a fem ale o f  Latim eria  
chalum nae, 1.63 m and 78 kg, was landed a t 
A njouan w ith 19 eggs 8 5 -9 0  m m  in d iam eter 
(A nthony  and M iilot 1972). “W e agree tha t this 
evidence m akes the occurrence o f  viviparity in 
Latim eria  unlikely, b u t w e feei th a t there is a  
strong  possibility th a t the living coelacan th  is 
ovoviviparous, providing an am ple supply  of 
nourishm ent p rio r to  fertilization  b u t m aintaining 
the em bryo in ternally  during  early  developm ent, 
... F inally , we no te  tha t the very  size o f  Latim eria  
eggs is a strong  argum ent th a t this species has a 
h igh degree o f  paren ta l care , involving either 
ovoviviparity o r  guarding a  cluster o f  eggs. I t  is 
difficult to  believe th a t Latim eria  could  survive 
a t all unless the sm all num ber o f  eggs w ere pro­
tected  from  p reda tion” (G riffith  and  Thom son
1973).

Sebastes m arinus  expels the em bryos ju s t before 
o r a fter they ha tch  from  eggs 0 .1 8 -0 .3 8  m m  in 
diam eter. T he eleutheroem bryos are  poorly  de­
veloped. T he deep  w ater b ro tu lid  C ataetyx m em o ­
rabilis hatches a t  the tim e o f  p a rtu rition  (M eyer- 
R ochow  1 9 70 ), while ano ther b ro tu lid  D inem a­
tichthys ilucoeteoides w as reported  to  hatch  within 
the ovary long before partu rition  (W ourm s and 
B ayne 1973). X enopoecilus pop tae  from  Celebes 
{ =  Sulaw esi) lakes is an  exem plary  type fo r this 
guild. "A s soon as the eggs are  extruded, the 
young fry  is hatched and  sw im s w ith the m other. 
In the period  o f  [partu rition], b roken  egg m em ­
branes, rising to  the surface, cover extensive 
stretches” (W eber and de B eaufort 1922). 
A no ther peiagic genus C om ephorus  o f  Lake 
B aikal has very sim ilar partu rition . In  con trast 
to  the o ther m em bers o f  this guild, and  the m em ­
bers o f  the follow ing guild, C om ephorus  is known 
to  p roduce  large quantities o f  eggs p e r fem ale.

V iviparous  (C .2 .3 ) fishes p roduce  em bryos 
w hose partia l o r  entire nu trition  is supplied by 
the fem ale v ia  special absorptive organs (T u rn er 
1940a, b , c , d ) ,  i.e. endogenous nu trition  from  
the yolk is supplem ented already  in the prenatal 
phase by exogenous nu trim en ts from  th e  m other 
(A m oroso  1960; H o a r 1 9 69 ). Fertilization  is 
in ternal, b u t one  group  o f  these fishes lacks in tro ­
m ittent o rgans. Carcharias taurus  seems to  p ro ­
duce  one young  a t a tim e, w hich  is free  within 
the body  cav ity  and  feeds o n  eggs gradually

produced by the fem ale. A  large experienced 
p red a to r is bo rn . In  general, how ever, an  in tim ate  
association develops betw een the u te rine  w all o f  
the fem ale and em bryos and  1 0 -7 0  placental 
young p e r litte r a re  born . A n extended gestation 
period  o f  u p  to  12 m onths was reported  in 
e lasm obranchs (M atthew s 1950) th a t have  these 
adap ta tions: C archarhinus m ilberti. Prionace
glauca. G aleocerdo cuvieri. M uste lu s canis, 
E ulam ia  floridana, to  m ention only  a few.

N o m ore  th an  50 young in a  litte r a re  bo rn  to  
livebearing teleosteans and  gestation  does n o t, in 
general, tak e  longer than  a  m onth . M ales of 
m any species including G oodea luitpoldi, N eotoca  
bilineata, and  H ubbsina turneri, do n o t possess 
in trom itten t o rgans, w hereas all the  o th e r m em ­
bers o f  this guild  have claspers, clasper-Iike 
penises, o r com plicated  gonopodia. N u trim en t ab ­
sorp tion  and  gas exchange from  th e  fem ale is 
achieved th rough  the transfo rm ed  em bryonic  fin 
fold or special processes ( tro p h o tae n iae ), w hich 
the em bryos develop fo r th is pu rpose (F ig . 15a, 
b, c ) .  T h e  poeciliids are  best know n fo r having 
unchorionated  eggs and  superfe ta tion , i.e. eggs 
w ithout egg m em branes, and  the ability  to  carry  
several litters a t different stages o f  developm ent 
instead o f  a  single litte r a t a  tim e. H ere, also, a 
special pericard ial serosa (Poecilia , X iphophorus, 
G am busia , e tc .) replaces the absorptive processes 
( Parabrotula p lag iophtha lm us) fo r the absorption  
o f  nu trim en ts from  the m other (F ig . 1 5 d ). T his 
serosa can , in  som e, com pletely  envelop the head. 
F ishes o f  different phyietic origin and w ith differ­
en t adap ta tions fo r em bryonic  exogenous nu trition  
belong to  this guild.

Discussion and Conclusions

T h e  exploita tion  o f  ecosystem  resources is de­
penden t entirely  o n  the density  o f  each  exploiting 
fish taxon. In  a  n a tu ra l m ultispecies system , the 
available food resources, if  left unutilized  by the 
d isappearance o f  one taxon, a re  eventually  utilized 
b y  ano ther. T his is, in the long run , reflected in 
m uch  the sam e to ta l p roduction  w ith in  the sam e 
nu trien t load , irrespective o f  th e  fa te  o f  single 
fish tax a  (B alón 1 9 74 ). F u rth erm o re , a single 
taxon  o f  fish c a n  change readily  fro m  one  feeding 
hab it to  ano ther, w hich  is know n as changes from  
one type o f  “popu la tion  dynam ics" to  an o th e r as 
reported  earlie r (B alon 1963). E ven  changes in 
skeletal struc tu res  are  rep o rted  to  accom pany 
changes in  food (G reenw ood 1965) and  extrem e 
specialists like eyc-biters, fin-eaters, o r  scale- 
eaters (R o b erts  1970; F ry e r and  lie s  1972) are  
now  know n to  be exceedingly inconsisten t in  the ir 
food preference . In  m y aquaria  th ey  in  general
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Fig. 15. a ^ ,  Embryos and larvae o f livebearing fishes with absorptive organs for “placental’’ nutrition: a, 
larva of Jenynsia lineata. Ovarian flap, extending through gili slit into the pharyngeal and buccal cavities, 
protrudes from  the mouth (1 =  tropbonema, flap of ovarian tissue, 2  =  tip o f the ovarian flap), b, embryo 
of Girardinichthys innominatus 2.5 mm long with a  combination of pericardial network and trophotaeniae 
(3 =  trophotaenia, 4  =  caudal vein, 5 =  ductus Cuvieri, 6  =  heart, 7 =  pericardial sac), c, larva o f Zoogo- 
necticus cuitiooensis, after recession o f the pericardial network accompanying the yolk sac absorption, uses 
highly vascularized trophotaeniae fo r respiration and absorption of the ovarian secretion, d , embryo of Poecilia 
reticulata with fully developed pericardial serosa and neck strap fo r absorption of ovarian secretion ( 8 =  
sinus venosus, 9  =  portal system, 10 =  hepatic vein, 11 — intestine, 12 =  neck strap ). F rom  (a )  Turner 
1940d, <b, c )  Turner 1940c, and (d ) Turner 1940a.



T a b l e  2 .  Number o f indigenous freshwater fish species per guild in different faunae. References at right are the sources of the primary fauna! lists and num­
bers o f species.

A. B. C.

1 . 1 . i. 1 .  1 . 1. 2. 2. 1 . 1 .  1 . 2. 2. 2. 2. 2. 2. 1.
Guilds 1 2 3 4 5 6 Î 3 1 2 4 1 2 3 5 6 7 6

Arctic Basin 3 3 15 6 3 2 4 — —  ____ 1 _ _  4 — 2 — Scott and
Pacific Basin 1 3 22 3 2 2 10 ____ —  —  — _ .— _  6 — 1 — Crossman 1973
Hudson Bay Basin 4 5 20 8 7 5 10 — ____  —  _ _ 8 2 — 10 1 3 —

Atlantic Basin 8 11 25 18 17 6 11 — — 1 — 10 3 —  13 1 5 —
Canada 8 13 43 20 18 8 21 — — ! — 10 3 — 17 1 5 —
British Isles 5 5 4 6 5 5 4 ___ ____ ____  ____ ——. — 2 — 2 ____ M aitland 1972
Vistula River 4 4 10 7 10 3 3 1 — 2 — ____ 1 — 2 - - 2 ____ Balon 1964b
Danube River 5 7 11 11 13 5 5 I 4 3 ~~ 1 2 — 2 — 2 1 Balon 1967b
Europe 13 14 41 23 29 12 10 1 8 6 — 2 4 — 11 — 3 2 Banarescu e t a!. 

1971
Amur River 20 2 9 9 8 6 3 3 1 — — 1 7 — 2 — Kryzhanovsky 

et al. 1951
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take any  available food; thus, any  given feeding 
habits seem  to  b e  retained only  w ith in  a  given 
taxocene (C hodorow ski 1 9 5 9 ), density , and  en ­
v ironm ental conditions. T herefo re , from  th e  po in t 
o f  view  o f  resource exploitation , fac to rs o th er 
th an  the feeding habits a re  m ore im p o rtan t in 
governing density , biom ass, and p roduction . In 
this sense rep roductive  guilds o f  fishes are  m ore 
m eaningful th a n  feeding strategies o r  troph ic  
guilds (R o o t 1967, 197 3 ), th e  la tte r  being actually  
a  supplem ent to  and  a  p a rt o r  reflection o f  the 
first. A ccordingly , sex ra tio  as well as occasional 
herm aphrod itism , p ro tand ry , and  protogyny will 
be add itional adap ta tions related  in  a  m ore  im ­
p o rtan t w ay th a n  feeding to  reproductive  s tra te ­
gies a n d  po ten tia l population  density  (W arn e r 
1975a, b ) .

M ost likely the im portance  o f  reproductive 
guilds in  o ther anim als w ill be sim ilar in im por­
tance to  the reproductive guilds in  fishes. A  con ­
vincing exam ple is th e  increase o f  the C anada 
goose density  by th e  construction  o f  m an-m ade 
breeding p la tfo rm s in the p ra irie  prov inces (A . 
M acpherson  personal com m unication ). L argest 
m ortality  has been reported  to  occur du ring  the 
early  life o f  fishes, in the em bryonic and  larval 
periods (M a rr  1956; V lad im irov  and  Sem enov 
1959; B alon 1960). T his leaves us, a t  least in 
fishes, w ith  th e  periods o f  life w here the density  
is decided, and  only  these periods should  be 
essential fo r ecological classification.

T he ideal situation  w ould now  be to  use the 
p roposed  concep t in quan tita tive ratios betw een 
single guilds, in aggregated values o f  density, 
biom ass o r, ultim ately, ecological p roduction , 
sim ilarly  to  earlie r attem pts (B alon 1 9 66 ). A  
valid  p a tte rn  should  em erge, and if  re la ted  to  
know n stresses, could  uncover im portan t features 
o f  ecosystem  dynam ics (Sm ith  1968; C hristie  
1 9 74 ), and  m ay facilitate be tter (R yder e t al.
1974) understand ing  and construction  o f  pred ic­
tive m odels (R eg ier and  H enderson  1973; R egier
1974). W hile da ta  needed fo r such an  app roach  
a re  very scarce, let m e in th is in troductory  paper 
apply  the guild  concep t again only  qualitatively 
(K ryzhanovsky  1949; B alon 1962b).

T h e  32 guilds presented h ere  encom pass all 
reproductive system s know n in  fishes a t  the 
presen t tim e. Som e unknow n system s m ay still be 
discovered and  the num ber o f  guilds increased, 
o r  a  be tter understanding o f  som e ecom orphologi- 
ca l and physiological fea tu res o f  early  develop­
m en t m ay  cause a split in p resen t guilds and  have 
th e  sam e effect ultim ately. In  single ecosystem s 
we shall alw ays deal w ith  a  m uch  low er num ber 
o f  guilds.

M arine  system s a re  very different from  fresh­
w ater ones. In  m arine system s m ore fishes rep re­
sen t guilds o f  guarders, bearers, and  nonguard ing  
pe lag o p h is , w hereas the m ajority  o f  freshw ater 
fishes a re  concen tra ted  in guilds o f  nonguarders 
excluding pe lag o p h is  (K ryzhanovsky  1949), 
S im ilar differences seem  to  app ly  to  fluvial versus 
lacustrine system s and  to  tem pera te  versus trop ical 
systems.

In  a  num ber o f  guilds (T ab le  2 )  the freshw ater 
faunae  o f  E u rope  and C an ad a  are  very m uch 
alike. T h e  low est num ber —  nine guilds —  occur 
in th e  British Isles and  the Pacific B asin of 
C anada. O f the 15 guilds represen ting  the fishes 
o f  th e  w hole o f  E urope, the V istu la  R iver h as 11 
and  th e  D anube R iver has 14 guilds. T he A rctic  
B asin has 10, the H udson B ay B asin 13, and  the 
A tlan tic  Basin 14 o f  the 14 guilds th a t encom pass 
the w hole freshw ater fauna o f  C anada.

C anad ian  and E u ropean  pelagophils are  fish 
m ainly  o f  m arine origin, w hereas those in the 
A m u r R iver (selected fo r co n tras t and available 
d a ta )  are  o f  freshw ater orig in ; the ra tio  is 8 
C anadian  to  12 E uropean  to  19 A m urian . M ost 
likely geochronological sequences a re  reflected in 
these differences. Invasion rou tes and  the different 
histories o f  survival in the geological succession of 
ecosystem s probably  played a  no  less im portan t 
role. T he evolu tionary  significance, fo r exam ple, 
o f  the very high num ber o f  open  substratum  
spaw ning and  h id ing  lithophils in C anadian  
(T ab le  2 )  as com pared  to  E u ropean  w aters has 
as yet to  be understood. T h e  sam e applies to 
guarding speleophils and the reversed num bers to 
guarding lithophils. A ll these highly significant 
differences certain ly  have a  h istorical m eaning 
(M cPhaii and Lindsey 1970) and  will hopefully  
be correctly  in terpre ted  w hen m ore ecosystem s 
a re  analyzed and  com pared  from  an h istorical 
po in t o f  view.

I  have no doub t tha t th e  species in guilds o f 
guarders and especially o f  bearers evolved from  
species w ith  m uch sim pler nonguard ing  systems. 
O bvious exam ples o f  such evolu tion  in m ore ad ­
vanced guilds w ere given previously . F o r  each  of 
them  special ecosystem  conditions m ust have 
been available, b u t the length o f  geological tim e 
available seem s to  be im portan t. T h e  species in 
th e  m ore com plex guilds o f  guarders and  bearers 
had  to  have  a  longer tim e to  achieve the ir level 
o f  adap ta tion  and, in general, a re  lim ited  to  m ore 
specific ecosystem s and  taxocenes (H utch inson  
1 96 7 ). T his availability  o f  evo lu tionary  tim e ap­
plies to  the consecutive guilds along each section 
in  th e  ecological classification, as well as to  the 
en tire  classification. Specialization to  a  lim ited
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ecosystem  and  taxocene is also reflected in de­
creased ability  to  invade new  areas. T h e  “prim i­
tive” species in section A  a re  the first to  follow  
the retreat o f  the ice sheet; livebearers never 
m anaged to  m ove fa r  from  very o ld  biotopes. But 
in this respect ariadnophils fo rm  an  exception to  
the rule.

T he term s “prim itive” and  “com plex,” how ­
ever, a re  ra th er conjectural. T he m orphophysio- 
logical adap ta tions in reproductive system s o f  
species in A a re  as com plex as those o f  species 
in B and C . T h e  functions o f  a  m orphological 
isolatory m echanism  (gonopod ium ) in C  has a 
coun terpart in A  in the e laborate  prespaw ning 
and spaw ning ritua ls (B alon  1956; Fabricius 
1959; F abric ius and  G ustafson  1958). T he eco- 
m orphological adap ta tions a re  interw oven w ith 
ethologicai adap ta tions th roughou t all reproductive 
systems. W here the one is m issing the o th e r is 
m ore intense.

F o r m ost species, p lacem ent in a  certa in  guild 
is highly con jec tural because o f  lack  o f  relevant 
data . F o r  som e faunae  p lacem ent is presently  
impossible. H ow ever, the needed  d a ta  a re  accum u­
lating rapidly  and I in tend , in  the years to  com e, 
to  e laborate  fu rth er upon  th is ecological classifica­
tion o f  fishes.
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