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ABSTRACT: By utilizing the techniques for electrophoretic separation of proteins by vertical starch 
gels, the biochemical systematics of 10 Gammaridae species obtained from marine, brackish and 
freshwater habitats was studied. They included Chaetogammarus marinus, Gammarus zaddachi, G. 
salinus, G. oceanicus, G. tigrinus, G. chevreuxi, G. locusta, G. duebeni duebeni, G. d. celticus, G. 
putex pulex, and G. fossorurn. For comparison of electrophoretic mobilities selected enzymes 
(phosphoglucose isomerase, glutamate oxalacetate transaminase, arginine phosphokinase, hexo- 
kinase, leucine amino peptidase, mannose 6-phosphate isomerase) were assayed. They were used 
as diagnostic characters in terms of electrophoretic identities or diversities of most frequent alleles 
at polymorphic gene loci. These criteria could be applied to estimate intrageneric enzymic variation 
and degrees of genetic relatedness between the crustacean amphipod species under consideration, 
thereby complementing traditional morphological classification. 

INTRODUCTION 

The G ammar i dae  inc lude  a very large  n u m b e r  of species  inhabi t ing  marine,  brack- 

ish and fresh-waters,  both ep igean  and hypogean .  Their  complex  systematics  has been  

subject  of many  studies and is still be ing  t rea ted  at specific, gene r i c  and other  levels  of 
classification. In v iew of li t t le morpholog ica l  different ia t ion de tec ted  b e t w e e n  severa l  

species and cons iderable  var ia t ion of the characters  used  for diagnosis,  certain m e m b e r s  

of the genus Gammarus  proved to be a source of confusion for a long per iod of time. This 

is reflected, for example ,  by the publ ica t ions  dea l ing  with  the taxonomic  analysis  of the 
Gammarus  zaddachi -complex  (Sexton, 1912; Spooner,  1947; Segerstr~le,  1947; Kinne, 

1954) and the Gammarus  locusta-group (Stock, 1967). 

During recent  years, several  b iochemica l  methods  have  b e e n  in t roduced  as sui table  

tools for the study of taxonomic  and evolu t ionary  re la t ionships  b e t w e e n  species,  the reby  
complemen t ing  tradit ional  morphologica l  classification. A m o n g  the t echn iques  appl ied,  
the .separat ion of enzymes  and other  proteins  by means  of ge l  e lec t rophores is  turned out 

to be of great  r e l evance  for d i s t inguish ing  species  and assess ing their  gene t i c  re la ted-  
ness. The measures  used  for this b iochemica l  approach  are based  on re la t ive  elec-  

trophoretic mobil i t ies  of homologous  enzyme  proteins  and on levels  of a l lozymic  varia-  

tion. 

The basic pr inciple  beh ind  e lec t rophores is  is the separa t ion  of proteins  under  the 
inf luence of an electr ic  field. Proteins have  an e lec t r ic  charge  which  d e p e n d s  on their  
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am ino -ac id  compos i t ion  and  the p H  of the  medium.  The s p e e d  of migra t ion  dur ing  
e lec t rophores i s  is d e t e r m i n e d  by  net  charge  and  molecu la r  size. W h e n  homologous  
p ro te ins  a re  compared ,  d i f ferences  in e lec t rophore t i c  mobi l i t i es  ind ica te  different  
a m i n o - a c i d  composi t ions ,  which,  in  turn, a re  coded  by  different  genes .  Thus e lec-  
t rophore t ic  mob i l i t y  of p ro te ins  p rov ides  ind i rec t  informat ion  about  DNA structure.  

Since  most  amino -ac id  subs t i tu t ions  are  not  a s soc ia ted  with  charge  changes ,  evi- 
dence  g iven  by  e lec t rophores i s  as the  major  t echn ique  of b iochemica l  sys temat ics  is 
l imi ted  to a cer ta in  degree .  As Ferguson  (1980, p. 42) expressed ,  the crux of the 
e lec t rophore t i c  me thod  is that  "d i f ferences  can be  de tec ted ,  but  not s imi lar i t ies" .  

A d v a n t a g e s  and  l imi ta t ions  of e l ec t rophore t i c  da ta  for sys temat ics  were  also out- 
l i ned  by  Avise  (1974), who po in t ed  out  that  much  r e l evan t  informat ion  has  accumula ted  
as a byp roduc t  of inves t iga t ions  on popu la t i on  genet ics .  To some ex ten t  this  is also true 
for the  p re sen t  study.  Based  on prev ious  work  on the gene t i c  d ive rge nc e  and  geog raph ic  
var ia t ion  of the  s ib l ing  spec ies  G. zaddachi  Sexton and G. salinus Spooner  (Bulnheim & 
Scholl ,  1980, 1981), it p rov ides  fur ther  resul ts  on the deg ree  of in terspec i f ic  different ia-  
t ion of both  amph ipods .  By inc lud ing  severa l  o ther  gammar ids ,  the  usefulness  of enzyme 
e lec t rophores i s  for b iochemica l  spec ies  d iagnos i s  and  for e s t ima t ing  taxonomic  re la t ion-  
sh ips  is eva lua ted .  The  spec ies  add i t i ona l l y  i nves t i ga t ed  compr i se  the  eu ryha l ine  forms 
G. oceanicus Segers t r~le ,  G. tigrinus Sexton, G. chevreuxi  Sexton, G. duebeni  duebeni  
Lil jeborg,  G. d. celticus Stock & Pinkster ,  G. Iocusta (L.), Chaetogammarus  marinus 
(Leach) ' (=  G. marinus) as wel l  as the  f reshwater  i nhab i t an t s  G. p u l e x p u l e x  (L.) and  G. 
[ossarum Koch. 

MATERIALS 

The mar ine  and  b r a c k i s h - w a t e r  gammar ids ,  w i d e l y  d i s t r ibu ted  in the  North East 
Atlant ic ,  were  o b t a i n e d  from var ious  coasta l  or sha l low wate r  envi ronments .  In most 
cases,  these  we re  loca ted  in North  Sea  and  Balt ic Sea  areas.  The col lec t ing  sites of 
Gammarus  zaddachi  and  G. salinus are  l i s ted  in a r ecen t ly  p u b l i s h e d  contr ibut ion 
(Bulnheim & Scholl,  1981)i this p a p e r  a lso  refers to me thods  a p p l i e d  for sampl ing.  The 
local i t ies  (given in brackets)  for the  other  spec ies  were  as follows: G. oceanicus (Fjord of 
Kiel, Li ibeck Bay, S l i te /Got land) ,  G. tigrinus ( inner  F jord  of Schlei,  F ischerh~t te /Kie l  
Canal ,  E m d e n  harbour) ,  G. chevreuxi  (Dourduff es tuary/Bri t tany) ,  G. d. duebeni  ( inner 
F jord  of Schlei ,  Rantum bas in /Syl t ,  Fo lhammar /Go t l and ) ,  G. locusta (Wadden  Sea of 
Sylt, Lt ibeck Bay), Chaetogammarus  marinus (Helgoland,  List/Sylt). Samples  of G. 
locusta, G. oceanicus, G. salinus, G. zaddachi  and  G. duebeni  were  also t aken  at 
Ve l l e rup / I se f jo rd  (Denmark) .  The  f reshwate r  g a m m a r i d s  were  co l lec ted  at the  fo l lowing 
si tes in the  Fede ra l  Repub l i c  of Ge rmany :  G. p. p u l e x  (Seeve / Jes teburg ,  brooks  near  
Sch~tzendorf  and  Bockholmwik) ,  G. [ossarum (Waldprech t sbach  near  Malsch);  G. d. 
celticus was ob t a ined  from Lesneven  (Brittany, France).  

METHODS 

The e n z y m e  pa t t e rns  of at  leas t  15-20 i nd iv idua l s  from each  of the  spec ies  and  
subspec i e s  s tud ied  were  ana lysed .  In seve ra l  cases,  however ,  the  s amp le  sizes were  
much  larger .  Before b e i n g  p rocessed  for ver t ica l  s tarch ge l  e lec t rophores i s  (Buchler 
Instruments) ,  the  a m p h i p o d s  were  kep t  for severa l  days  or w e e k s  in aquar ia .  Homogen i -  
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zation, centr i fugat ion,  p r e p a r a t i o n  of s tarch gels  (Connaugh t  s ta rch-hydro lysed) ,  buffer  
systems and e lec t rophores i s  e m p l o y e d  were  as de sc r ibed  p rev ious ly  (Bulnheim & Scholl,  
1981). 

The fo l lowing enzymes  were  a s sayed :  a rg in ine  p h o s p h o k i n a s e  (APK), g l u t a m a t e  
oxa lace ta te  t r an saminase  (GOT), hexok ina se  (HK), l euc ine  amino  p e p t i d a s e  (LAP), 
m a n n o s e - 6 - p h o s p h a t e  i somerase  (M6PI) and  p h o s p h o g l u c o s e  i somerase  (PGI). 

S ta in ing  t echn iques  fo l lowed the  p rocedures  g iven  by  Bu lnhe im & Schol l  (1981) for 
APK, PGI and GOT; Brewer  (1970, s l igh t ly  modif ied)  for HK; S e l a n d e r  et al. (1971) for 
LAP and Harr is  & H o p k i n s o n  (1976) for M6PI. Tr is -c i t ra te  ge ls  and  e l ec t rode  buffer  were  
used  for GOT and  PGI assays,  Tr is -bora te  EDTA gels  and  e lec t rode  buffer  for the  other  
enzymes.  In some spec ies  (G. pulex ,  G. fossarum) GOT and  PGI could  be  also scored  on 
Tris bora te  EDTA gels.  A g a r  over lays  p r e p a r e d  accord ing  to Schol l  et  al. (1978) were  
app l i ed  in combina t ion  wi th  the  specif ic  enzyme  sta ins  to de tec t  APK, M6PI and  PGI. 

Two GOT loci, p r e s u m a b l y  r ep re sen t ing  the so lub le  (GOT- l )  and  the mi tochondr i a l  
(GOT-2) could  be  v i sua l ized ;  the former is the  faster,  the  la t te r  the  s lower  m i g r a t i n g  
isozyme. In some cases,  the  a s say  for HK gave  r ise to two or three  zones  of act ivi ty.  The 
da ta  evaluat ion ,  however ,  was  res t r ic ted  to the  fastest  m i g r a t i n g  zone, co r re spond ing  to 
HKol. 

The above  six enzyme  sys tems compr i s ing  seven  loci could  be  successfu l ly  s t a ined  
and consis tent ly  reso lved  in al l  spec ies  examined .  Severa l  o ther  enzymes  tes ted  in the  
course of this e l ec t rophore t i c  su rvey  (e.g. APH, ACPH,  EST, MDH, ME, PGM) gave  
poor ly  def ined  bands  or nega t ive  resul ts  in a few or s ing le  m e m b e r s  of the  Gammarus  
species  group unde r  s tudy.  These  f ind ings  are  in acco rdance  wi th  observa t ions  m a d e  by  
Gooch & Het r ik  (1979) who  po in t ed  out that  a m p h i p o d s  do not  e l ec t rophorese  well ,  
p robab ly  because  of inh ib i to ry  enzymes  e l abo ra t ed  by  the d iges t ive  g land.  

In add i t ion  to the  e n z y m e  assays  per formed,  e l ec t rophocuss ing  of p ro te ins  on 
p r e p a r e d  th in - l aye r  p o l y a c r y l a m i d e  ge l  plates ,  con ta in ing  A m p h o l i n e  car r ie r  ampho-  
lytes (pH 3.5 to 9.5) was  app l i ed .  By use  of the LKB Mul t iphor  system, s amples  from the 
superna tan t s  of h o m o g e n a t e s  were  e l ec t rophoresed  in a p H  gradien t ;  the  gels  we re  
f inal ly  s ta ined  in a Coomass ie  Bri l l iant  Blue solution. 

These  runs r e su l t ed  in mu l t i p l e  spec ies - spec i f i c  b a n d i n g  pat terns .  In severa l  
species,  however ,  reso lu t ion  was  poor. Therefore,  this  t echn ique  was  e x c l u d e d  from 
further a t tempts  to charac te r ize  the  p ro te ins  from the var ious  g a m m a r i d s  examined .  

RESULTS 

The e lec t rophore t ic  approach ,  d e s i g n e d  for ana ly s ing  i n t r agene r i c  var ia t ion,  a i m e d  
at compar isons  of the  re la t ive  mobi l i t i e s  of the most  f requen t  a l le les .  A common bas is  for 
this measure  of gene t i c  r e l a t edness  was  p rov ided  by  us ing  Gammarus  zaddachi  as 
s tandard  and pe r fo rming  pa ra l l e l  e lec t rophore t i c  runs on gels.  The  a l le l ic  var ian ts  
obse rved  at the  loci scored  were  d e s i g n a t e d  accord ing  to anoda l  mob i l i t y  of the i r  p ro te in  
products  wi th  reference  to that  m e a s u r e d  in G. zaddachi.  Therefore,  the  most f requen t  
a l le les  at  the g iven  gene  loci of this  pa r t i cu l a r  spec ies  were  d e s i g n e d  "100". The  
e lec t rophore t ic  mobi l i t i es  of enzymat i c  a l le l ic  p roduc ts  re la t ive  to this  t r ack ing  s t anda rd  
were  computed  by  de t e rmina t i on  of the  d i f ferences  in mig ra t ion  d i s tances  (in mi l l ime-  
ters) b e t w e e n  the respec t ive  bands .  F igure  1 shows a z y m o g r a m  i l lus t ra t ing  the  spec ies -  
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Table  I. Relative e lec t rophoret ic  mobil i t ies  of most  f requent  alIeles in various gammar ids .  Less 
f requen t  alleles in b racke t s  

Enzyme loci 

Species  APK PGI M6PI GOT-1 GOT-2 LAP ttK-1 

G. z a  d d a c h i  1 O0 1 O0 1 O0 I O0 1 O0 1 O0 i O0 

(90) (94) (95, 91) (106) 

G. s a l i n  u s  1 O0 1 O0 1 O0 1 O0 1 O0 1 O0 1 O0 
(94) (95) (96) 

G, H g n n u s  100 100 91 100 100 1 O0 100 
(105} (86) 

G. o c e a n i c u s  100 100 105 100 100 102 102 
(96) (100) 

G. c h e v r e u x i  95 96 91 100 94 99 102 
(861 

C. m a r i n  us  90 93 86 1 O0 95 99 102 

G. ] o c u s t a  100 94 76 96 102 99 102 
(82) 

G. d. d u e b e n i  89 96 110 102 93 99 97 
{98} (93) 

G. d. c e l t i c u s  89 96 110 102 93 99 97 
(98) (93) 

G. f o s s a r u m  95 106 92 104 93 99 1 O0 
(112) (100) 

G, p .  p u l e x  95 107 112 102 93 99 102 

Gammarus 
(9 

%% 

°~: 

zaddachi tigrinus chevreuxi duebeni 

i i 

® 

Fig. 1. Z y m o g r a m  of APK s h o w i n g  e lec t rophoret ic  mobil i t ies  for G a m m a r u s  z a d d a c h i ,  G. t i g r m u s ,  

G, c h e v r e u x i ,  and G. d. d u e b e n i .  All enzyme  p h e n o t y p e s  are monomorph ic  
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Species 

O. zoddochi 

G. sol inus 

G. t igr inus 

G. oceonicus 

G. chevreux i  

C. rnorinus 

G, locusto 

G. d. duebeni 

G.d. cel t icus 

G. fossorum 

G. p. pulex 

APK PGI M6PI GOT-t GOT-2 LAP HK-1 

[] 

[] 

• • • • & ,M, 

& • • • & & 

• 0 • • • • 

& • • O 

[] O • [] O 

• []  O 

D O 

[] [] [] • [] [] 

[ ]  [ ]  E] • [] [] 

• [ ]  • 

[] • O 0 

Fig, 2, Similarities and dissimilarities of the species investigated as revealed by electrophoretic 
evidence. Equal symbols designate identical electrophoretic mobilities, Absence of a symbol 

indicates distinction in this biochemical genetic character from all other species studied 

specific band ing  pat tern  for APK. Tab le  1 g ives  the results of the compar ison  for all loci 

examined  indica t ing  most f requent  and less f requent  e lectromorphs.  Differences in 

relat ive mobil i t ies  of most f requent  a l le les  were  not obse rved  b e t w e e n  samples  of a 
g iven  species  obta ined  from different  localit ies,  

The distr ibution of a l le le  f requenc ies  at the PGI, GOT and APK loci has b e e n  

extens ive ly  surveyed  in a great  number  of G. zaddachi  and G. salinus popula t ions  
(Bulnheim & Schotl, 1981). Since the samples  e x a m i n e d  and popula t ions  s tudied were  

re la t ively smal ler  in all other  species  cons idered  here,  the extent  of the a l le l ic  divers i ty  
at polymorphic  loci could not be suff icient ly analysed,  With regard  to this l imitation,  the 

band ing  patterns observed  permit  only p re l iminary  conclusions  as yet  on the gene t i c  
variat ion at the loci scored in most of the gammar ids  considered.  

Many of the species  e x a m i n e d  exhibi t  gene t i c  po lymorph i sm at the PGI and M6PI 
loci. PGI was found to be  h ighly  po lymorph ic  in G. zaddachL G. salinus, G. oceanicus, G. 

tigrinus and G. fossarum. The other  enzyme  loci were  shown to be monomorph ic  except  
for the few species  l is ted in Table  1. M6PI po lymorphism was observed  in most of the 
species concerned  except  for the G. duebenL G. pu l e x  and C. marinus  samples  studied.  
In several  G. zaddachi  popula t ions  M6P195 or M6PI 9' were  r ecogn ized  as the dominan t  

alleles.  
Heterozygotes  at the PGI and G O T  loci could be v i sua l ized  as t h r e e -b a n d e d  

phenotypes,  as would  be expec ted  for a d imeric  structure of the enzyme.  The pheno typ ic  
pat tern of the other  enzymes  s tudied  exhibi ts  two bands  in heterozygotes ,  ind ica t ing  a 

monomer ic  enzyme  structure. 
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The order of the amphipods  listed in Table  1 reflects their increas ing genet ic  
dis tance to G. zaddachi, which was used as reference species here. Complementa ry  to 
Table  1, as ev idenced  by the relat ive electrophoretic mobili t ies,  similari t ies and dis- 
s imilari t ies be tween  the gammar ids  unde r  considerat ion are i l lustrated in Figure 2. In 
this diagram, equal  symbols  are used to des igna te  ident ical  electrophoretic mobilities. 
The absence  of a symbol  for a g iven locus indicates  a dis t inct ion in this part icular  
character  from all other species examined.  

The close genet ic  re la t ionship exis t ing be tween  G. zaddachi and  G. salinus is 
clearly expressed by these comparisons.  In all cases both forms share ident ical  elec- 
trophoretic mobil i t ies.  However,  they are dist inct  with respect to the potymorphisms 
observed at the APK, MGPI and  LAP loci (G. zaddachi) and  the GOT-1 locus (G. salinus). 
Also, G. oceanicus and, in particular,  G. tigrinus have several  of these electrophoretic 
characters in common with the s ib l ings  G. zaddachi  and  G. salinus, whereas  G. 
chevreuxi  and  especial ly  G. locusta as well  as C. marinus differ much more from the 
above and  the fol lowing species. 

It is in te res t ing  to note that both G. p u l e x  and  G. fossarum, exhib i t ing  a pronounced 
morphological  similarity, have less electrophoretic characters in common than the 
species pair  G. zaddachi  and G. saHnus. They differ in relative mobil i t ies  at four of the 
seven  loci scored. 

Between both G. d. duebeni  and  G. d. celticus enzyme electrophoresis did not reveal 
any  differences in  relat ive mobil i t ies  nor the presence  of less f requent  alleles at the 
polymorphic  GOT-1 and  HK-1 loci. This reflects a very close genet ic  relatedness.  

Thus, except  for these two forms, specific enzyme pat terns could be observed which 
are species diagnost ic  for all other gammarids .  

DISCUSSION 

Taxonomists  concerned  with amphipods  have made  use, above all, of the mor- 
phological  method of classification, which permits  species and  other taxa to be 
categorized according to the degree  of structural  similari t ies and  dissimilarities. In 
addi t ion  to the morphological  pr inciple  commonly  used for species dist inctions and 
phylogene t ic  reconstructions,  Golikov & Tzvetkova (1972) emphas ized  the appl icat ion of 
palecological  and  b iogeographica l  analysis.  In several  cases, further indicat ions for 
taxonomic diagnosis  were der ived from ecological  and  physiological  data as well  as 
from results of crossbreeding experiments .  The use of b iochemical  methods, also applied 
to taxonomic purposes in  gammarids ,  was thus far restricted to chromatographic  analysis  
of amino  acid composi t ions (Roux, 1967a) and  electrophoretic separat ion of non-specific 
esterases (Nyman & Westin, 1969). 

Al though cons iderable  progress has b e e n  made  in  clar ifying the systematics of the 
Amphipoda  in  the course of the last decades,  Karaman  & Pinkster  (1977) poin ted  out that 
the genus  Gammarus  is not satisfactorily de l imi ted  and  the taxonomy of the various 
species a t t r ibuted to this genus,  par t icular ly  of the freshwater  forms, is not yet settled. 
Owing  to cons iderable  var iabi l i ty  and  convergent  deve lopment  of certain morphological  
characters, m a n y  taxonomic problems at the generic,  species and  subspecies  level have 
r ema ined  a matter  of debate.  For a long period of t ime freshwater and  mar ine  forms were 
considered members  of the same genus  Gammarus. Though  this op in ion  is still accepted 
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by many authors, at tempts have b e e n  made  to subdiv ide  the genus  with reference to the 
aquat ic  env i ronmen t  inhabi ted .  For the freshwater  members ,  therefore, Karaman  (1931) 
establ ished the new genus  Rivulogammarus and  for mixohal ine  species Sket (1971) 
introduced the gener ic  n a m e  Laffunogammarus. Addi t ional  n e w  gener ic  na me s  were 
proposed for mar ine  and brackish-water  representa t ives  of the genus  Gammarus by 
Golikov & Tzvetkova (1972). Similarly, Bousfield (1977) in t roduced a mul t i tude  of 
gener ic  groups and  reclassified the more than  1200 species of Gammar idae  (sensu lato) 
which are present ly  known.  For good reasons, Lincoln (1979, p. 238) c o n c l u d e d . . .  
"'obviously there will  be a great  deal  of discussion about  these systematic manoevres  in 
future years before there is any measure  of agreement" .  

In an at tempt to trace the t rends of evolut ion in  the genus  Gammarus from cold and  
temperate  waters of the nor thern  hemisphere ,  Gol ikov & Tzvetkova (1972) sugges ted  
that this taxon evolved in the bas in  of the Atlant ic  Ocean,  the Tethys Sea, dur ing  the 
Paleogene period. With regard to species formation they came to the fol lowing conclu-  
sions: Boreal condit ions in  the Atlant ic  Ocean  resul ted in the formation of an  i ndepen -  
dent  subgenus  Lagunoffammarus. Its first representa t ives  evolved dur ing  the second part 
of the Pliocene from the most anc ien t  of the p resen t - l iv ing  forms, i . e .G,  locusta. Among  
the present ly exist ing species group G. wilkitzkii, G. kamtschaticus, G. setosus, G. 
oceanicus, G. zaddachi and  G. salinus, the latter form may have or ig ina ted  first. G. 
zaddachi which has spread somewhat  wider  in the northwest  Atlant ic  region than  the 
more thermophi l ic  G. salinus, presumab ly  evolved later  from this species or a common 
ancestor. In the late Pliocene, unde r  sharply chang ing  hydrological  conditions,  G. 
oceanicus may have evolved. Approximate ly  at the same t ime the boreal  brackish-water  
species G. duebeni may have originated.  The evolut ion of the genus  Chaetogammarus *, 
in f luenced  by a similarly chang ing  envi ronment ,  appears  to be ana logous  to that of the 
genus  Gammarus. 

In principle,  the b iochemical  genet ic  informat ion ob ta ined  from this study is in  
agreement  with the above-repor ted conclusions on these groups of gammarids .  
Chaetogammarus marinus, G. locusta, G. duebenL G. zaddachi ( inc luding  G. salinus, O. 
tigrinus and  G. oceanicus) and  G. pulex ( inc luding G. fossarum) are different in several  
electrophoretic characters, ind ica t ing  cons iderable  genet ic  d is tances  from each other 
and thus an evolut ionary d ivergence  dur ing  early periods of geological  time. 

tn the following, the closely re la ted species groups examined  in  this study wil l  be  
considered in more detail.  As previously ment ioned ,  the G. zaddachi complex was 
insufficiently def ined for several  decades.  Kinne  (1954) d iv ided  it into three distinct 
species. Before this, some confusion existed about  their  taxonomic status which received 
subspecific rank by Spooner (1947) and  Segerstr~le (1947). Substant ia l  electrophoretic 
evidence has been  provided for close relat ionships  be tween  G. zaddachi and  O. salinus. 
Nevertheless,  as shown by the diverse al lel ic  composit ions documented  in  various 
populat ions of both amphipods  from a large dis tr ibut ion area, their species character 
could be fully es tabl i shed (Bulnheim & Scholl, 1981). G. oceanicus, however,  appears  to 
have distinct characteristics set t ing it apart  from these siblings.  This different iat ion is 
also reflected by its geographic  dis t r ibut ion and  ecological  requi rements .  G. oceanicus is 

* The genera Chaetogammarus, Marinogammarus and Pectenogammarus have been synonymized 
with the genus Bchinogammarus by Karaman (1975). 
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a subarct ic  species  exh ib i t ing  an amphia t l an t ic  distribution. It occurs under  brackish as 
wel t  as full  mar ine  conditions,  whe reas  C, zaddachi  and G. salinus revea l  an east 

Atlantic,  borea l  distr ibution.  Both l ive in brackish envi ronments ;  in areas exhibi t ing  
sal ini ty gradients ,  the former  prefers  o l igohal ine ,  the lat ter  mesoha l ine  waters.  These 

three  species  may coexist  local ly in the Baltic Sea and are often associated with G. 
]ocusta. 

In contrast  to the lus i tanian species  G. chevreuxi, a re la t ive ly  high degree  of 

re la tedness  of G. tigrinus to the G. zaddachi  group is indicated.  G. tigrinus, in t roduced 

from North America ,  is an immigran t  to the British Isles and the European cont inent  
where  it has spread rapidly  dur ing recent  years  (cf. Bulnheim,  1980). 

G. duebeni  is w ide ly  dis t r ibuted in brackish  coastal  waters  of varying salinities. In 
Ireland, parts of wes te rn  Britain and Brittany (France) f reshwater  populat ions  are known 

which  are morpholog ica l ly  and phys io logica l ly  distinct from brackish populations.  

These  differences per ta in  to the l eng th /wid th  ratio of the merus  from the 5th pere iopod 

(Pinkster et al., 1970) and capaci ty  of sodium regula t ion  (Sutcliffe & Shaw, 1968). 

Accord ing  to these f indings and the results of interfer t i le  hybr idizat ion experiments ,  
Stock & Pinkster  (1970) e l eva ted  them to subspecif ic  level  for which  the names  G. d. 

duebeni  and G. d. celticus were  proposed.  Also from paras i to logica l  studies on infections 

by microsporidians,  differences of sex -de te rmin ing  inf luences  on the host became  

ev iden t  b e t w e e n  both subspecies  (Bulnheim, 1978). However ,  the e lectrophoret ic  evi- 
dence  obta ined  has not yet  r evea led  dissimilar i t ies  b e t w e e n  them in the relat ive 

mobi l i t ies  of the enzyme  proteins  examined .  In this context  reference  is made  to an 

examina t ion  of their  subspecif ic  status by Sutcliffe (1972). He poin ted  out that the 

morphologica l  d i f ference observed  b e t w e e n  G. d. duebeni  and G. d. celticus is not 
associa ted with  habi ta t  salinity or previous ly  de t e rm in e d  phys io logica l  characteristics;  it 

may be an ins tance  of cl inal  var ia t ion re inforced by geograph ica l  isolation. 
In a report  on the fauna in the Danish Isefjord, Rasmussen (1973) descr ibed a 

p ronounced  var iabi l i ty  of severa l  morpholog ica l  characters  in the amphipods  C. 

oceanicus, G. salinus, G. zaddachL G. locusta and  G. duobeni; therefore,  he expressed 

some doubts  on the d is t inc t iveness  of these species.  However ,  the above-presen ted  
results on b iochemica l  species  d iscr iminat ion  by means  of enzyme  electrophoresis ,  

which  inc luded  mater ia l  from this par t icular  locality, c lear ly  contradict  this suggest ion.  

G. p. p u l e x  and C. fossarum represen t  another  species  pair  whose  taxonomic  status 

was the subject  of cons iderab le  confusion and misident i f icat ions.  The latter form was 
cons idered  a subspec ies  of G. p u t e x  by Sche l l enbe rg  (1942) and other  authors; further- 
more  it was  descr ibed  under  incorrect  names  (see Pinkster, 1972). In te rbreed ing  experi-  

ments  per formed by Goedmake r s  (1972) and Pinkster  (1972) demons t ra ted  their  repro- 

duct ive  isolat ion and thus their  t axonomic  dis t inct iveness.  In te rmedia te  forms observed 
b e t w e e n  G. p u l e x  and G. [ossarum turned out to be  not hybrids but  members  of another  

species,  G. wautieri, newly  es tab l i shed  by Roux (1967b). In a revis ion of the C. pulex- 
group and re la ted  species,  Karaman & Pinkster  (1977) po in ted  out that, comparab le  to 

other  groups of gammarids ,  a var ie ty  of morphologica l  characters  proved to be stable, 
whi le  others were  shown to be ex t remely  var iable .  G. pu lex inc ludes  several  geographi -  

cally l imi ted  subspec ies  (Karaman & Pinkster, 1977) among  which  G. p. pu l e x  is wide ly  
dis t r ibuted in Europe and some areas of Asia. It is a common inhabi tant  of middle  and 
lower  reaches  of streams, whereas  C. [ossarum prefers their  upper  reaches.  With 
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r e f e r e n c e  to t h e  t a x o n o m i c  s t a tu s  of b o t h  f r e s h w a t e r  g a m m a r i d s ,  a d d i t i o n a l  p roo f  of t h e i r  

s p e c i e s  c h a r a c t e r  is p r e s e n t e d  at  t h e  e n z y m e  l eve l  by  th is  s tudy .  

In c o n c l u s i o n ,  t he  f i n d i n g s  r e p o r t e d  h e r e  d e m o n s t r a t e  t h a t  e l e c t r o p h o r e t i c  c r i t e r i a  

c a n  b e  a d d i t i o n a l l y  u s e d  as d i a g n o s t i c  a i d s  in  t h e  s y s t e m a t i c s  of g a m m a r i d s ,  p a r t i c u l a r l y  

at t h e  s p e c i e s  leve l .  T h e s e  c r i t e r i a  a r e  r e l a t e d  to r e l a t i v e  e l e c t r o p h o r e t i c  m o b i l i t i e s  of t h e  

p r o t e i n  p r o d u c t s  f rom s e l e c t e d  loci  and ,  p r o v i d e d  s e v e r a l  p o p u l a t i o n s  of c l o s e l y  r e l a t e d  

s p e c i e s  can  b e  c o m p a r e d ,  to t h e  d i s t r i b u t i o n  of a l l e l e  f r e q u e n c i e s  at  s u c h  loci  w h i c h  a re  

s p e c i e s  d i agnos t i c .  

In v i e w  of t he  r e l a t i v e l y  l ow n u m b e r  of loci  s a m p l e d  in  th is  s tudy,  c o e f f i c i e n t s  of 

g e n e t i c  s imi l a r i ty  a n d  d i s t a n c e  (cf. Nei ,  1972) c o m m o n l y  u s e d  for i n t e r s p e c i f i c  c o m p a r i -  

sons  h a v e  not  b e e n  c o m p u t e d .  D e n d r o g r a m s ,  r e s u l t i n g  f rom t h e s e  data ,  h a v e  no t  b e e n  

p r o d u c e d  e i the r .  For  th is  p u r p o s e ,  m o r e  i n f o r m a t i o n  on p r o t e i n  r e l a t i o n s h i p s  is r e q u i r e d ,  

this  b e i n g  n e c e s s a r y  to a s s e s s  t r e n d s  in  t h e  e v o l u t i o n a r y  p r o c e s s e s  as r e v e a l e d  by  

e l e c t r o p h o r e t i c  a n d  o t h e r  e v i d e n c e .  
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