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What is an amphipod?

It is a malacostracan crustacean, conforming to the typical malacosÍacan body pian (6,8,6)

in which,the first thoracic segment is fused with the head (that segment then bearing the

oniy maxiiliped), leaving the thorax - or Peraeon - with 7 segments.

The amphipods are amongst those orders of maiacostracan crustaceans - Sub-class

Peracaridá - ttre females of which carry their eggs in a ventral brood pouch. Some recent

authorities have questioned the validity of the peracarid concept. It seems likely now that

the isopoda and Amphipoda are not ail that closely related, in spite of the fact that neither
of them have a carapace.

l

Typicaily (BUT NOT UNIVERSALLY : note Corophium) amphipods are flattened sid.e-to-

side. tfris usually (BUT NOT ALWAYS : note Astacilla) serves to distinguish them from
isopods. However, tanaids may be superficially confused with both groups (aithough they

have a reduced carapace).

The thing to look for as a CERTAIN distinguishing feature of a non caprellidean
amphipod is the 3 pairs of uropods. NO OTHER CRUSTACEAN GROUP HAS 3 PAIRS

OF IIROPODS, but some amphipods lack them.
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BEWARE !!!!I>F)F>FY'*

Two schemes of peraeopod numbering exist in lhe amphipod literature

1) Based. on the fact that the first 2 pairs of peraeopods are gnathopods, certain authors

numbered the remaining thoracic limbs Peraeopods 1-5 (Note Jerry Barnard's early work:
see Fig below ).

2) Other workers felt that it was more logicat and proper that thoracic (peraeon) segment
7 should. carry peraeopod 7 and not P5 (see Fig. on previous page)l This has now become

the norm and lerry Barnard's later works conforrn io tiris system. Thus thoracic limb
numbering goes Gn1, Gn2 , P3-7.

Be very careful when looking at keys that you know which system the author is using.
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AMPHIPODA

DEFINITION carapace absent; eyes sessile; first thoracomere fuserj to
cephalon; antennules typically biramous and well developed; antennae
without scales, typically a five-segment peduncle; mouthparts generally
arranged in a compact buccal mass; maxillipedes without epipoiites, at
least partially fused coxae; thoracopods uniramous, second an¿-third typi-
cally as subchelate gnathopods, coxae typically expanded into ventrolateral
plates, at least some thoracopods with inner branchial epipodites, oöstegite
brood pouch; anterior pleomeres usually with well-devèlõped pleura, pos-
terior pleomeres associated as urosome, rami of first three pieopods unnu-
late, last two pleopods uropodiform; telson typically free, oiten 

-biiobut..

HISTORY Latreille erected the order Amphipoda in 1816 for what we today
consider gammarideans. However, even at this early date the whaie louse
Cyamus (Fig. 13-1C) was recognized as distinctive and placed within the
isopods. This distinctiveness was eventually formalized with the inclusion
of the caprellids (Fig. 13-18) and the cyamids in the Laemodipoda, a taxon
originally treated as equal in starus with the Isopoda and Amphipoda.
Milne Edwards further distinguished the hyperiids (Fig. 13-1I, J) irom the
gammarids (Fig. 13-1D, E, F). However, it was Dana who in 1g52 erected
the three 'traditional' suborders of the amphipods: caprellideans, gammar-
ideans,.and hyperiideans; these were later joined by the peculiar ingolfielli-
deans (Fig. 13-14) rhat Hansen erected in 1903. The Amphipoãa have
never lacked for monographers, and a few of the most recent suiveys have
been produced for ingolfiellideans (stock, !976,19g1), hyperiideant qno*-
man and Grüner, 1'973), ga,mmarideans (".g., Barnard, 1969; Bousfield,
1982b; Lincoln, 1979),caprellids (Mccain, tõoa; Laubitz, rg70;,1,g76), and
cyamids (Leung, 196l).

At one time, Leach united amphipods with isopods into the taxon
Edriopthalma. Calman (1909) gave theie two groups separate status in his
classification of the peracarids, and this separutionlreinlorced as it was by
Siewing's consideration of gut and develoþmental features) has remained
unchallenged until recently by schram (19g1, 19g4) who felt the shared
derived features of amphipods and isopods justify a return to the use of
Edriophthalma.

MoRpHol-ocy Though recent taxonomic work on amphipods seems to
. have resuited in the erection of familial and subfamilial taxã at an increas-
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Figure 2

SHALLOW-WATER GAMMARIDEAN AMPHIPOOA

B

C
Other amphipod suborders (lateral view)
A-lngolfiellidea. B-Capreflidea. C_Hyperiidea.

k'uspt¡L¡ ltq'tç ç

ì

[çu-
9\

)
tJ-LJ

,- \¡>.J-.t/
('r'^J 

. )



A ¡R GAMMARIOEAN AMPHIPODA GENERAL EIOLOGY OF THE AMPHIPODA

ABC
Basic gammaridean body outlines (dorsal view)
A-Fusiform. B-Subcylindrical. C-Broad(truncate)fusiform
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Figure 3
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SHALLOW-WATER GAMMARIDEAN AMPHIPODA
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Figure 4 Basic gammaridean body appendages (not lo scale)A-Head region. B-Gnathopoã à. C_peraeopod
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ÊnN AMPHIPODA
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Figure 5
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SHALLOW.WATER GAMMARIOEAN AMPHIPODA
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Figure 6
I

Characterislics of rostrum (A_E), eye position and shape (F_l)A-Acute. B-Falcate. C_Decurved. D_Hooded (dorsal view). E_Hooded(lateral view). F-Lateral, reniform. G_Anterior, ovate. H_Rostral, fused(lateral view). r-Rostrar, fused (dorsar view¡. J-Divided with cornear lens.
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VlMARIDEAN AMPHIPOOA

,ì

c

F

)
G

.)
lorsal view). E-Hooded
,ate. H-Rostral, fused
d with corneal lens.

.)

GENERAL BIOLOGY OF THE AMPHIPODA
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Characterisl¡cs of coxal plates (A-E) and epimeral plates (G-L): hind corners
(G-J), posterior margín (K-L)
A-Overlapping. B-Separated. C-Bilobed. D-Excavate posteriorly. E-
Anterodistally expanded. F-Marginally setose. G-Hind corners, rounded. H

-Toothed, produced. l-Mucronate. J-subquadrate. K-Setose. L-
Serrate. H-l-S¡nuous.
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Figure I
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SHALLOW-WATER GAMMARIDEAN AMPHIPODA
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Characteristics of upper lip (A_D),_lower lip (E_H), and telson (l_N)A-rounded. B-Broa:. 

_c_'Bïo¡e¿," Jo¡rior" produced (lateral víew). D_Asymmetrically bilobed. E_,,ShoulderrI-no,.¡,"0. f_fnneì loOes lacking.G-Mandibular processes lacking. H_Mandibular processes elongate. l_Cleft to base. J_Deeply cleit. "X_ero;ä, 
nolched. L*Entire, acute. M_Entire, linguiform. N-Dorsally unc¡nate.
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EAN AMPHIPODA
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GENEFIAL BIOLOGY OF THE AMPHIPOOA
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Some character¡stics of arriculated mouthpârts: mandible (A-D), maxiila 1 (E-F),maxilla 2 (c-H), maxiiliped (t-J)
A*Molar strong, triturating. B-Molar vest¡gial. C-palp strong, falcate. D-
.Palp .lacking' E-Parp vest¡giai. F-Basai barer robe rarge. c-prates smail,weakly armed. H-Outer plate large, lunate. l-lnner plates fused, palp dacty-late. J-palp geniculate.
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26 SHALLOW-WATER GAMMARIDEAN AMPHIPODA
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Figure 10 Characteristics of gnathoPods

A-Simple, normal. B-Simple, filiform'
Subchelate, weak. E-Complexly subchelate'
H-Minutely subchelate. l-Minutely chelate'

C-Subchelate, Powerf ul. D--
F-CarPochelate. G-Chelate'
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Figure 11
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Characteristics ol peraeopods
A-8asis linear. B-Basis slightly expanded. C-Basis broadly expanded. D

-Posteriorly directed (5, 6). E-Elongate, linear distal segments. F-Basis glan-
dular.
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Figure 12

SHALLOW.WAÍER GAMMARIDEAN AMPHIPOOA

2

c

A

E

2+3

(¡
H

Characteristics of abdomen: pleon (A-D), urosome (E-l)
A-Mucronate. B-Posteriorly recurved overhangirrg urosome. C-Setosé, hir'
sute. D-Carinate. E-Spinose. F-Toothed. G-Bicarinate. H-
Posteriorly carinate. l-segments fused (dorsal view).
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.MPHIPODA
GENERAT BIOLOGY OF THE AMPHIPODA

K
Characteristics of pleopods (setae not shown) (A-D), uropod 1 (E), uropod 3 (F-L).
A-_Normal. B-Rami proximally expanded. C-Peduncle broad. D-Peduncle
expanded medially. E-Rami falciform. F-Rami lanceolate. G-Outer ramus
with hook spines. H-Rami foliaceous. l-Uniramous, uncinate. J-Uniramous'
spatulate. K-Uniramous,styliform. L-Uniramous,pedunclemediallylobate'
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Figure 13
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Fig. 13-9. Fossil amphipods. (A) Palaeogammarw sambiensis, upper Eocene, the earliest

kn-àwn amphipo¿; (B) Andntssovia sokolovi, Middle Miocene; (C) Hellenis saltatori¿u.

Loruer Miocene ; (D) Praegmelina sambiensis, upper Eocene. (From Hessler, 1969)

amber of Late Eocene-Early oligocene age. However, the most extenslve

fossil amphipod fauna comes from the Miocene of the caspian region of

the uSSR and inciudes the genera Andr:ussovia, Hellenis, and Praegmelina

(Fig. 13_gB, c, D), and a spãcies of.,Gammar¿¿s.'There are orher materials

ì.oä oth", iocalities (varioìs species assigned.to 'Gammartts' and'lufelita')

but it is noteworrhy that all fos-il amphipods found.So far are from Europe.

There are some 18 species recognized in seven genera (Hurley, 1973;Bous-

freld,1982a), and thàse are cias¡ified in frve families and four superfamilies.

rAxoNoMy Though quite numerous, amphipods, with a few exceptions,

pretty well ail .o.rfot* to a basic plan. Even so, there has been little con-

i"nrur on how to classify them. An extreme position maintains that all are

subsumable under a single taxon, Gammaridea, which then becomes vir-

tually synonymous with the concept Amphipoda. A more reasonJble view

that þrésentiy enjoys fairly wide support is to recognize four major groups.

Within thesè, ttrree groups have oniy modest controversy within them:

Caprellidea, Hyperiidea, and Ingolñellidea.
The Gammaridea, however, are the subject of great controversy (see'

e.g., Bousfield, 1978; Barnard and Karaman, 1980) with no consensus in

siit t on the arrangement of families and superfamilies (not-even within a

;;;;r;;"", e.g., Bãrnard and Karaman, 1983)' Bowm.an a.n{ Abele (1982)

irJ"otiutty followed Barnard (1969). on the other hand, this book has

opted foi a taxonnouc arrangement similar to Bousfield's (1983)' not only

Crustacea
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. Amphipoda I77

to present an alternative to the above but also because the methodology
used to arrive at this particular arrangement is repeatable and thus the
methodology's results (i.e., the actual classification) are testable.

I would not necessariiy agree with the exact methods nor this particular
taxonomy of the gammarideans in all details. Bousfield and assoèiates use
basically phenetic techniques that utilize numericai averages to group raxa.
Such an approach would give at best a 'first estimate'-of reiationships.
while it does try to distinguish advanced from primitive ciraracters, it aiso
produces higher taxonomic groupings that have within their ranks ,excep-
tions' to the defìning characrers. currentìy, only a ferv authorities aie
beginning to look at character matrices in the context of basic body plans
using rigid cladistic techniques. it would seem rhat in the long run only
such an analysis will hoid forth the promise of producing a classification of
amphipods that is at once natural and whose basic assumptions are
o-bvious. For example, preliminary analysis of amphipod taia using a
wagner 78 program by myself and R. c. Brusca proãu.ão a cladogram of
relationships among amphipod taxa quite at odds with anything currentlv
in the literature.

The precarious nature of amphipod taxonomy at the specific level is
illustrated by the ñndings of pinkster (1983) in part of the GàmmarLts pulex
group, who described a species that could not be effectively cìiagnosed. G.
stupendus could not be keyed using the usual criteria because diitinct polv-
morphism in the taxon appeared to indicate three species, whereas tryuria
experiments revealed the three types to be conspecific. In additionG. stu-
pendtts, because of its extreme variation, could not be distinguished from
geographically adjacent species, G. fossarum and G. íberica but was not
able to hybridize rvith them.
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Infraorder Ingolfiellidea Hansen, 1903 Recent
Family Ingolfiellidae Hansen, 1903

Metaingolfiellidae Ruffo, 1969
Infraorder Caprellidea Leach, 1814 Recent
Section Caprellida Bousfield, 1979

Superfamiiy Phtisicoidea Vassilenko, 196g
Family Paracercopidae Vassilenko, 1968

Phtisicidae Vassilenko; 196g
Dodecadidae Vassilenko, 1.968

Superfamiiy Caprelloidea White, 1847
Family Caprogammaridae Kudrjaschov and Vassilenko, 1966

Aeginellidae Vassilenko, 196g
Caprellidae White, 1g47

Section Cyamida Bousûeld, 1979
Superfamily Cyamoidea White, 1g47

Family Cyamidae White, 1847
Infraorder Hyperiidea Milne Edrvards, 1g30 Recent
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l7g crtutacea

Section Physosomata Pirlot, t929
Superfamily Lanceoloidea Bovallius, 1887

Famiiy Lanceolidae Bovailius, 1887
Chuneolidae Woltereck, 1909
Microphasmidae Stephenson and Pirlot, 1931

Superfamily Scinoidea Stebbing, 1888
Family Archaeoscinidae Stebbin g, 7904

Scinidae Stebbing, 1888
Mimonectidae Bovailius, L8B5
Proscinidae Pirlot, 1933

Section Physocephalata Bowman and Grüner, I973
Superfamiiy Vibiioidea Dana, 1852

Family Vibiliidae Dana, 1852
Cystosomatidae Willemoës-Suhm, 1875
Paraphronimidae Bovallius, 1887

Superfamily Phronimoidea Dana, 1853
Family Hyperiidae Dana, 1852

Dairellidae Bovailius, 1887
Phrosinidae Dana, 1853
Phronimidae Dana, 1853

Superfamily Lycaeopsoidea Chevreux, 1913
Family Lycaeopsidae Chevreux, 1913

Superfamily Platysceloidea Bate, 1862
Family Pronoidae Ciaus, 1879

Anapronoidae Bowman and Grùner, 1973
Lycaeidae Claus, 1879
Oxycephalidae Bate, LB61

Platyscelidae Bate, 1862
Parasceiidae Bovallius, 1887

Infraorder Gammaridea Latreille, 1803 Eocene-Recent
Superfamily Eusiroidea Stebbing, 1888 Recent

Family Pontogeneiidae Stebbing, 1906
Caliiopiidae Sars, 1893
Eusiridae Stebbing, 1888
Paramphithoidae Stebbing, 1906
Amathillopsidae Pirlot, 1934
Bateidae Stebbing, 1906
P aralep tamp hop us family group

Superfamily Oedicerotoidea Lilljeborg, 1865 Recenr
Family Oedicerotidae Lilljeborg, 1865

Exoedicerotidae Barnard and Karaman, 1983
Paracullispiidae Barnard and Karaman, 1983

Superfamily Leucothoidea Dana, 1852 Recent
Family Pleustidae Buchholz, 1.874

Amphilochidae Boeck, 1872

t,
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. Amphipoda

Leucothoidae Dana, 1852

Anamixidae Stebbing, 1897
Maxillipiidae Ledoyer, 1973

Colomastigidae Stebbing, 1899
Pagetinidae K. H. Barnard,7932
Laphystiopsidae Stebbing, 1899
Nihotungidae Barnard, 1972
Cressidae Stebbing, 1899
Stenothoidae Boeck, 1871
Thaumatelsonidae Gurj., 1938

Superfamily Taiitroidea Costa, 1857 Recent
Family Hyaiidae Buìycheva, 1957

Dogielinotidae Gurjanova, 1954
Hyalellidae Buiycheva, 1957
Najnidae Barnard,1972
Ceinidae Barnard, 1972
Talitridae Costa, 1857
Eophliantidae Sheard, 1938
Phliantidae Stebbing, 1899
Temnophiiantidae Griffiths, 1975
Kuriidae Barnard, 1964

S uperfamily Crangonyctoidea Bousfi eld, 7977 Eocene-Recent
Family Paramelitidae Bousfield, 1977 Recent

Neoniphargidae BousÂeld, 1977 Recenr
Niphargidae S. Karaman, 1962 Recent
Crangonyctidae Bousfield, 1973 Eocene-Recent

Superfamily Phoxocephaloidea Sars, 1891 Recent
Family Urothoidae Bousfield, 1979

Phoxocephalidae Sars, 1891
Platyischnopidae Barnard and Drummond, 1979

Superfamily Lysianassoidea Dana, 1849 Recent
Family Lysianassidae Dana, 1849

Uristidae Hurley, 1963
Superfamily Synopioidea Dana, LB53 Recent

Family Synopiidae Dana, 1853
Family Argissidae Walker, 1904

Superfamily Stegocephaloidea Dana, 1.852 Recent
Family Stegocephalidae Dana, 1852

Acanthonotozomatidae Stebbing, 1906
Ochlesidae Stebbing, 1910
Lafystiidae Sars, 1.893

Superfamily Pardaliscoidea Boeck, lSTL Recent
Family Pardaliscidae Boeck, 1871

Stilipedidae Holmes, 1908
Hyperiopsidae Bovallius, 1886

179
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Astyridae Pirlot, 1934

Vitjazianidae Birstein and Vinogradov, 1955

Superfamily Liljeborgioidea Stebbing, 1888 Recent

Family Liljeborgiidae Stebbing, 1BB8

Sebidae Walker, 1908

Salentinellidae Bousfi eld, 1977

Paracrangonyctidae Bousfield, 1982

Superfamiiy Dexaminoidea Leach, 1814 Recent
Family Atylidae Liiljeborg, 1865

Anatylidae Bulycheva, 1955

Lepechinellidae Schell., 1926

Dexaminidae Leach, 1814

Prophliantidae Nicholls, 1940

Superfamiiy Ampeliscoidea Bate, 1861 Recent
Famiiy Ampeliscidae Bate, 1861

Superfamiiy Pontoporeioidea Sars, 1BB2 Recent
Family Pontoporeiidae Sars, 1882

Haustoriidae Stebbing, 1906

Superfamily Gammaroidea Leach, 1814 Oligocene-Recent
Family Acanthogammaridae Garjej., 1901 Oligocene-Recent

Anisogammaridae Bousfield, 1977 Recent
Gammaroporeiidae Bousfield, 1979 Recent
Gammaridae Leach, 1814 Oligocene-Recent
Pontogammaridae Bousfield, 1977 Miocene-Recent
Typhlogammaridae Bousfield, 1979 Recent
lvfesogammaridae Bousfieid, 1977 Recent
Macrohectopidae Sowinsky; 1915 Recent
Behningiella-Zernovia family grbup? Recent
I p higin e lla- P achy sches ß family group ? Recent

Superfamily lvtelphidippoidea Stebbing, 1899 Recent
Family lvlelphidippidae Stebbing, 1899

H o r ne I I ía-C h e ir o crattts family group
M egaluro pus family group
Phreatogammaridae Bousfield, 1982

Superfamily Hadzioidea Karaman, 1932 Recent
Family Hadziidae Karaman, 1932

Melitidae Bousfield, 1.973

Carangoliopsidae Bousfi eld, 1977

Superfamily Bogidielloidea Hertzog, 1936 Recent
Family Bogidiellidae Hertzog, 1936

Artesiidae Holsinger, 1980

Superfamily Corophioidea Dana, 1849 Pleistocene-Recent
Family Ampithoidae Stebbing, 1899 Recent

Biancolinidae Barnard, 1972 Recent
Isaeidae Dana, 1853 Recent
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Ischyroceridae Stebbing, 1899 Recent
Neomegamphopidae Myers, L9SL Recent
Aoridae Stebbing, 1899 Recent
Cheluridae Allman, 1847 Recent
Corophiidae Dana, 1849 Pleistocene-Recent
Podoceridae Stebbing, 1906 Recent
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Fig.13. Pictorial key.
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Ruffo, S. (ed.) (1982) The Amphipoda of the Mediterranean. Part 1. Gammaridea
(Acanthonotozomatidae to Gammaridae), Mem.Inst.Oceanogr.Monaco, No.13, l-364
IISBN 2-7260-a733-5 , available from Musee oceanographiqúe (service des
publicarions), Avenue saint-Martin, Monaco-ville, MC-9g0b0 Monacol

Ruffo, S. (ed) (1989) The Amphipoda of the Mediterranean. Part 2. Gammaridea
(Haustoriidae to Lysianassidae), Mem.Inst.Oceanogr.Monacot No. 13, 365-576.
IISBN 2-7260-0140-81
*¡{''r'{'* a third volume in this series is yet to come, to complete the set***

Sims, R.W., Freeman, P. & Hawksworth, D.L., 1988. K.y works to the Fauna and.Ilora of
the British Isles and North-western Europe, Sih edn, The Systematics Associatittn,
Special Volume, No.33. (Clarendon press, óxford), 3l2pp.

List of publication¡ of general applicability to the systematics of the British amphipod
fauna published since Lincoln (1929)

For amphipods of the world, up-dates_on_ Jerry Barnard's (1,969) The families and genera
of marine gammaridean Amphipoda, Bull.U.S'.natl Mus.,27'1.,1,-535. are now available in
the form of:-

Barnard, ].L & Karaman, G.S., 199L. The families and genera of marine gammaridean
Amqhipoda (except marine gammaroids). Part 7., Rel.Australian Mnts.,Sîppi. 13 (partL),
1,-477.

7997.------ Part 2., Rec.Australian Mus., Suppl 13 (Part 2), 479-866.
lavaüable from Assistant Editor (Community Relations), Australian Museum, pO Box

4285, Sydney South, NSW 2000, Australial

Note also: for freshwater amphipods

Barnard, I.L. & Barnard, C,M., 1983. Freshasøter Amphipodø of the usorld..2 vols (I.
Evolutionary patterns; II. Handbook and Bibüography), Í{ayfield Associates, Mt
Vernon, Virginia, 1-358, gS9-829.

)
NEWSLETTERS

The Amphipod Newsletter appears sporadicaliy when funds and enthusiasts aliow.
Contact: Professor wim vader, Tromlo Museuin, 9000 Tromso, Non+,ay

British subscriptions are handled through Dr Mike Thurston, Institute of
oceanographic sciences, wormley, Nr Godalming, surrey Gug suB

The Plankton News-letter recently ran an issue d.evoted to amphipods (Voi L5, December
1991) lEditors: P.H.Schalk & S.van der Spoel, P.O.Box 1,691,5, tOôt nf Amsterdam, The
Netherlandsl)

)
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Li{ 9f regional works on amphipod fauna relevant to the British Isles (post Lincoln,
1979)

)

costello, M.J., Holmes, J.M.c., M{r.at!, ? &- yT.-tr, A.A. 19g9. A review and cataiogue
oÍ ft: Amphipoda (Crustacea) in lreland., úish Fisheries Inaestigøtiors, Ser.B.(Marine),
No.33, 70pp.
lavailable from Government Publications Sale Of.fice, Sun Alliance Flouse,
Molesworth St., Dubiin 2, Ireland.l

Dauvin, ].C. & Gentil, F., 1980. Nouveiles especes pour l'inventaire de la faune marine de
Roscoff: annalides, polychetes et crustacès umþhipodes. Trav. Stat.Biol.,Roscoff (n.s.),
26,5-1.0.

Dauvin, J.C.,Iglesias, A. & Gentil, F.,1991.. Nouvelles especes pour l,inventaire d.e la Faune
marine de Roscoff - crustaces gphlfodes, cu*ucis et äecapodes, mollusques
gasteropodes et ascidies, Cah.Biol.Mar., 32, lll_72g.

Moore, P.G., 1981. The Marine Fauna of Lundy. Crustacea: Amphipoda. Rep.Lundy FId
50c,32,52-63.

Moore, P.G., 1984. The Fauna of the Clyde sea area: Amphipo d.a, occasional
Publicøtion number 2, llniaersíty Maiine Biological Stailàn Uittport, S4pp.
lavailable from LIMBSMI

Palerud, R. & Vader,W.,1'991. Marine Amphipoda in North-East Atlantic and Norwegian
Arctic. Tromura, Naturoitenskap, nr 6g; g7pp.
lavailable from Tromso Museum, 9000 Trômso, Norwayi

Sheader, M., 1983. Amplripoda: The Marine Fauna of the Culiercoats District, No.1.3, Report
of the Doae Marine- Iaboratory, 3rd ser., no. 26, 1,g7pp. (mimeo)
lavailable from the University of Newcastle]
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List of Papers having a bearing on amphipod taxonomy and disbibution in the British
Isles which post-date Lincoln (1979)

Barclay, i.M.T., 1982. New records of Bøthyporeia (Amphipoda) from West Scotland,
l .Mar.BioI.Ass.U.K., 62, 229-237.

Costello, M.]. & Moore, 1.,1989. Amphipod Crustacea new to Britain and the Plymouth
area. BulI.Ir.Biogeogr.Soc., No.12

Datrvin, J.C., 1985. Sur deux especes d'amphipodes nouvelles pour la fauna marine de
Roscoff, Cah.Biol.Mar., 26, 469-477.

Dauvin, I.C. & Bellan-Santini, D., 7982. Descriplion de deux nouvelies especes d'Ampelisca
des cotes francaises atlantiques (Crustacea-Amphipoda): Ampelisca. toulmonti n.sp. et
Amp elisca spooneri r.sp.r Cah.Biol.Mar., 23, 253-268.

Dauvin,I.C. & Bellan-Santini, D., i988. Iliustrated key to Ampelisca species from the North-
eastern Atlantic,. l.Mar.Biot.Ass.LI.K., 68, 659-676.

Dauvin, I.C. & Bellan-Santini, D., 7990. An overview of the amphipod genus Haploops
(Amp eliscida e), | .Mar .B iol. Ass.lLK., 7 0, 8gT -9 09.

Dauvin,I.C. & Gentil, F., 1983. Description de deux nouvelles especes de Litjeborgiidae des
cotes francaises (Crustacea; Amphipoda): Listriella dentþølma n.sp. et L.spinlt'ua r.sp.,
Cah.Biol.Mør., 24, 429-442.

Holmes, J.M.C., 1980. Some crustacean records from Lough Ine, Co. Cork,
Bull.Ir.biogeogr.Soc., No 4, 33-40.

Holmes, I.M.c., 1983. Further crustacean records from Lough Ine, co.Cork.
BulI.Ir.biogeogr.Soc., No.S (1981), 19-24.

Holmes, I.M.C., 1983. Some amphipods (Crustaceá:Podoceridae) recorded off the south-
west coast of lreland. Ir.Nat.l.,27, 728-729.

Holmes, I.M.C., Crustacean records from Lough Ine, Co. Cgrk; part III.
Bull.Ir.biogeogr.Soc.,No.S, 19-25. , '

Holmes, J.M.C., 1986. Notes on some crustaceans f¡cim Galway Bay. Butt.Ir,biogeogr.Soc.,
No.9, 34-40.

Holmes, i.M.C., 7987. Crustacean records from Lough Hyne (Ine), Co. Cork,Ireland: Part
iV. BulI.Ir,biogeogr.Soc., No.10, 99-106.

Hudson, A.V. & Reynolds, J.D., 1985. Distribution of Irish intertidal Talitridae.
BulI.Ir,biogeogr.Soc., No.8, 63-77.

Moore, P.G., 1980. Corophium sextonae in Scottish waters, l.Mar.BioI.Ass.tJ.K., 60,70T5.
Moore, P.G., 1982. Little known Amphipoda from the Clyde deeps, l,Mar.Biot.Ass.lI.K.,62,

237.
Moore, P.G., 1983. On the male of. Sophrosyne robertsoni Stebbing & Robertson (Crustacea,

Amphipoda), Zool.l.Linn.Soc., 77, 103-109.
Moore, P.G., L984. The amphipod Monoculodes gibbosus (Crustacea) in British waters,

l .Mar.BioI.Ass.U.K., 64, 277-278.
Moore, P.G., 7984. Acanthonotozoma serratum, an arctic amphipod new to Britain,

| .Mar.Bíol.Ass.U.K., 64, 737-732.
Myers, 4.4., & Costello, M.J., 7984. The amphipod genus Aora in British and Irish waters,

! .Mar.Biol.Ass.U.K., 64, 279-283.
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Myers, A.A. & Costeilo, M.1.,7986. The amphipod sibling pair Leucothoe lilljeborgi Boeck
and L.incisa Robertson in British and Irish waters, l.Mar.Biol.Ass.Il.K.,66,75-82.

Myers, A.A. & McGrath, D., 1980. A new species oÍ stenothoe Dana (Amphipoda,
Gammaridea) from maerl deposits in Kilkieran Bay, I.Lit'e Sci.R.Dublin Soc., Z, 75-78.

Myers, 4.4., & McGrath, D., 1981. Taxonomic studies on British and Irish Amphipoda.
The genus Photis with the re-estabiishment of P.pollex (= P.macrocoxa).
J.Mar.Biol.Ass.U.K., 67, 759-768.

Myers, A.A & McGrath, D.,7982. Taxonomic sludies on British and Irish Amphipoda. The
genus Gammaropsis. l.Mar,Biol"Ass.U.K., 62, 93-100.

Myers, A:4. & McGrath, D.,7982. Taxonomic studies on British and Irish Amphipoda. Re-
establishmeni of Lsucothae procera. l.Mar.Biol.Ass.LlK., 62, 699-698.

Myers, A.A. & McGrath, D., 1983. The genus Listriella (Crustacea: Amphipoda) in British
and irish waters, with a description of a new species. l.Mar.Biol.Ass.tl.K.,63,347-353.

Myers,A.A. & McGrath, D., 1984. A revision of the North-East Atlantic species of
Ericthonius (Crus tacea, Amphipoda). l .Mar .Biol.Ass.l.j.K., 64, 379 -4A0.

Myers, 4.4., McGrath, D. & Costello, M.J., 1987. The Irish species of lphimediø Rathke
(Amphipoda: Acanthonotozomatidae), l.Mar.Biol.Ass,lI.K., 67, 307 -32I.

Myers, 4.4., McGrath, D. & Cunningham, P.,7989. A presumed maie of the
parthenogenetic amphipod Corophiumbonnellü (Milne-Edwards). l.Mar.Biol.Ass.lJ.K.,
69,379-321..

Sheader, M. & Evans, F.,1974. The taxonomic relationship of. Parathemisto gaudichaudi
(Guerin) and P, gracilipes (Norman), with a key to the genus Pørathemiito,
| .Mar.Biol.Ass.U.K., 54, 915-924.

Sheader, M. & Sheader, A.L.,1985. New distribution records f.or Gammarus insensibilis
Stock 1966 in Britain, Crustaceana, 49, 101-105.

Shin, P.K., 1980. Paraipalpus capillaceus (Chevreux) (Amphipoda, Caprellidae) in Galway
Bay, west coast of Ireland. Ir.Nat.l.,20. 707.

Wildish, D.1.7987. Estuarine species of Orchestlø (Crustacea: Amphipoda: Talitroidea)
from Britain, | .Mar.Biol.Ass.U.K., 67, 571-583.
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KEYS TO HYPERIIDS

General works:

Bowman, T.E. & Gruner, H.E., 1,973. The families and genera of Hyperiidea.
Smithson. Contr, Zool., No. 136,76pp.

Vinogradov, M.E. et al, 1982. Amphipoda - Hyperüdae, Hayka, 493pp. [In Russian]

CATALOGUE OF CAPRELLIDS

McCain, I.C. & Steinberg, 1.8.,1970. Amphipoda I: Caprellidea I, Crustaceorum Catalogus
(edited by H.-E.Gruner & L.B.Holthuis) Dr W.]unk, Den Haag,78pp.

These are not groups which I know much about, but the references above are useful
starting points.

The old Linnean Society key to caprellids by Harrison (1944) leaves a great deai to
be desired, re-utilising as it does the indifferent figs from Chevreux & Fage. Geoff
Smalldon (ex Swansea & Royal Scottish Museum) was working on a replacement for the
new Linn.Soc. series when he gave up science. I did have a draft copy of his key, which
was a distinct improvement, but I can't find it!!!!!!!!!!! Must have lent it to someone and
never got it back. Otherwise I'd have reproduced it for you here.
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lot.ski, Regiornonti, ¡tp.

Appendix I
Dissection of an Amphipod
For Right-hanclecl Operators.

In a flai-bottomed 
.srra,cr-rse dish, the amphipod is laid on its reftside.rçith.irs legs projetting a*'ay i.orr,-the operator, so ihat ir appearsr'tp-side dorrn througn tü o"',,io^ oi trru .tu.uor.op". 

-Tir* 
bodv iscovered to more th¿n.i*ice its depth ,r.ith alcohoi,";;;";;rrh.

efrec¿s of surface tensjon auri"g-,ri..ection and. to ameriorate rheglare of reflecrecl light Trom prol.?ringj.S=.
Å pair of je*-eler's forceps *iun t'åy -ñne 

points, a fine dissecringneedie such ¡s an insect pin mountea on u stick of rrood, and a coarse,standard dissecring needre o.u .,r.,1.-at reast fi"u ;;;;Jurd grass.[d::, 
.one clepressLn s[de, 

""a 
li. ¿f"n cover slips are needed. Asmall drop of grvcerine is piaced 
";;.,;; oJ rhe fi.ar südes, a riny dropeach on three of rh.e fl-at .Iidu., a¡rd thà a.p.u.rion-.üì. clncavity issparingtv filled with grvcerine lrotr'u" *.ãü ;;;.;ilìä.""p.r*onrntmounts; permanent srides ha.ve the disadvantage oi restiicting themanipulation of mor-rnt'ed parts for B.ãmensioirJr 

"bJ;;i""; parrsfrom glycerine slicies *uy.b. .¿o.eã fe.-unently in alcohoi in a üinyvial made of a bit of capiilary t.,¡r"s ìitn one end ciosed by merting'in 
a fire, the other e.rd.topp..ed.,r'iih cotton, pith, or prastic foam).One commences removi"g tLu per.opo,l, (fËgÐ'oi tie amphipoclat either the fourrh or fifth".o*" l"iJ.pr"rel àeîár,ãinf^ãn-*,nich ofthese coxae is largest or *'onld pìu *rn-r, from the bocly riiihotrt,entangling orher leqs o.r.coxae. The ampiúp"J;ìr;idã"iJ,rn on ir,left side, being helà rçirh a co'.rse 

";*1u in the re¡r hanJ rhrough abody segmenr or riiüh forceps o" * bi;;l stick, and the coxa is being
|-1ttea ,and 

rippecl genrry oi it. uu..'ìììtr, trr. fine forceps. rn mosrcases the coïa, can be p*ilecl free of the body .*..i,infiã-e of its1tt'oxirnal musculat*re. bccasiona[y trie firmness of ühe arf¿chmentdictates rhe use of a fine ,.utpui. 
---'

lYhen the coxa is ¡emoved, t'e remaincler of ihe leg and gill (andif a female the broocì ramella) .,rtü ."r.,åîi¿h it. Á.s the iegs nre exciseciidentifying marks are noted in o.cler to recorcr rhe reg sequence'forpositioning on bhe slide. parri."i;t'ry Jonfusing are cox'e 3 ancr 4bec¿'rse they are often similar in size"and srrapel n, 
".uJÀïl,irt trr..upereopods.
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Pere,opods and gnathopods are removed Lo one sicle of the dishrrntil ¿-ll seven legs have been corecrecl. Antennae 1 rrnd 2 are dissectedal their bases (right sicre onry). care in removal of anienn¿ 2 at itsjunclure is needed because i¡ often breaks easily at joint 2 or B.The seven coxae-legs ¿ncr rrvo anrennae âre removed in a gror-lp
from the dish of alcohor ro rhe flat sride with the largest árop of gt.r.-
erine. lYhen placed in the gì.r,cerine ühe parts rvil disperse the iråp,b*t a iight breabh of air ,i-iil ¿.cereraie evaporabion of the alcohol
and.the rrmalgamarion of the prrcìc[e. The regs must be fulì--,,- ir'merseclin the glvcerine to preven' àr1-ing and ufiake of air birbbres. Do
not ytttl on the cover slip.

The right nropods 1,2, and.3, bobh lobes of lhe telson, and one
member of e¿ch pair of the preopod. u.. .u-oued and pra.ád on t*-oof the flat slides w-ith tin-v drops of grycerine; trre puris are manip-
rulatecl, rvhile the glycerine puàd]., ioalesce,'ord arrungeã so thattheir respective dorsal (.ropods) anci anterior (preopodÀ) sides are

'p' i{. cìean cover slip, grippàd in bhe forceps, is rå*-ered horizontaily
or''e¡ the glycerine Llntlil lt 9an be crropped smartr},' onto the p.ddle
rçithout engaging air bubbles. Gl¡rce.ine is to be applied sparingly
so as lo prevent excessive sliding of the cover srip. lf tt u perimeier
of the_cover slip lacks giycerine-ib may be acrded rater b;- liu.irrg u
smaìl drop uL the edge.

. Before-removing mouthparts determine rvhelher they are gror-rped.
in-a-coniform or quadratiform bundle from lateral vieu:
- l'Iouthparts are removed. from the head., again rviih the amphipocl
head pointing array from the obse¡..'er so that motion to the rightrçith the 

-forceps can be *secl to snap ofi the mouthparrs. The maxil-
lipecls, rvhich are the mosr posterior moubhparts, cover a[ the other
mo.thparts and must be removed. at rheir bàse first; both maxilüpeds
rçill 

..come off togebher. llore anteriorrv, a pair of bilobed seconcr
maxillae is to be removed and then the first maxilae, each of rvhich
appes.rs to have three lobes (inner lobe, outer lobe, anci palp b*i in
a fe*'genera lacking a palp). The inner lobes are difficurt tå remove in
connection with ihe outer rmless special care is taken and..c¿ution
mtnü be exercised not to damage thelorver lip. ùf andibies nre removed
next; they are usually brittle and easily broten; they tr,re most easily
removed by rotating them to ascertain lhe basal muscnlar atù¿rch-
ment and snipping this with forceps. Sclerotic connections to upper
and lo'ri'er ìips also must be broken to avoid their damage. us.iutty
each mandible ç'ill have a paip. Afier maxilla 1 and the mandibres
&re removed, a lorver lip and an uppeÌ lip will remain; the lon-er ìip
is extensive and for removal mutt ie g.uùb.,Ì deeply in its muscular
and tendon att¿chments rvithouü rupnrãti'g the inner and outer lobes.
after practice one may desire to råmove io'uer lips before dissecbing
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one side of the dish
-¡: I rind 2 are dissected

.r1 oi anlenna 2 at iis

. r.it joinl 2 or 3.

rernoved in r.r group
e iùrgest drop oi glyc-
,'ill disperse the drop,

)'r:rtion of lhe rlcohol
.ì-rsI be fully immersecl
e oi nir bubbles. Do

I tire telson, and one
icl rrncl placed on lrvo

¡ ihe parts are manip-
rnd arranged so that
illleopods) sides are

; lorçered horizontally
irtìv onto the puddle
be applied sparingly

) slip. If the perimeter
ed l¿ter by placing a

her they are grouped
'lri çieç'.
n ',rith the amphipocl

), :rotion to the righb
ruiirparts. The maxil-
:s, cover all lhe olher
ñr'st : bobh maxiilipeds
rir of bilobed second
rrxiliae, each of l'hich

.llobe, and palp bub in
. ciifficult to remove in
is t¿ken and catttion
Iulclibles å.re removed

; tirey are mosb easilY
rsirl muscltlar alt¿rch-

J r:,tnnections to upper
heir clamage, Usurr,llY
1 rrnd tìre m¿¡rdibles
rcl:r¿in; the Ìotrer liP
leeuly in ibs muscular
iuner a.nd outer lobes.

J üir-. before dissecting
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mandibles as bhe brro monthparts often are closely connected with
liss¡les and the mandibles *-ilì tear the lo*¡er lip rvhen being removed.

T'he r.rpper ìip and epistome are not removed from the head aL
this time. Their interrelationship from lateral vierv must be pre-
served. The observer shoul.d note lhe condilion of the ventral margin
of the upper lip from anterior r-iev (rounded, incised, truncaled)
belore mou.nting the carcass on the depression slide.

\Iouthparts are transferred lo a tiny drop of glycerine on a flat
slide, arranged in sequence and fiited with a cover siip. Preferably
bhe mouthparts are arranged so lhat the follorving parts project
uprvard or &re on top: mandibular molars and the inner lobes of
ì.on'er lip, maúllae, and maxiilipeds. If the base of ihe maxillipeds
curves upri'ard, it may be cul off so lh¿t fhe cover slip will set firml-v.
The mandibles should be arranged \\-ith the molars projeciing
obliclueJy tol'ard bhe observer or directlv lateral, if the center of
graviil' so permiüs. Often mandibles are placed on ù sepa.rate slide
with supports for the col'er sìip to prevenl crushing. Supporûs may
be made of wire or s¿tnd grains.

Because a unil.ateral disseclion has been made, the remaining
amphipod c&rc&ss has u, complete seb of pereonal and pleonal parts
remaining on one side (the left if done by a right-handed operator).
Coxa I and any other (left) Iegs are removed l'hich rvould obscure
the head and pleon from laüeral vierv. The carcass is mounled righb
side dorrr in the glycerine of the depression slide and a cover slip
firmiy set. If the amphipod is so large that it witt be crushed by
the cover slip or lie in a tilted position, tu'o pieces of nire of appro-
priate thickness (or variously thick insecb needles, pins, paper clips
cut with nipping pliers) are placed on each side of ihe amphipod,
rvhich is covered with sufficienl glycerine to fill the area betrçeen
bhe tl'o wires, and the cover slip set on lhe supports. The bop glass
should fii the carcrss snugly so as to hold it in place bul nob to crush
il. Glycerine has sufficient surface tension so ihab it wiil not leak
out from under the elevated coversìip as long as the slide is kept
in a horizontal position.

One norv retnrns to the first flat slide on rvhich rvere placed the
seven right pereopods (including gnathopods) and the tu'o right
¿ntennae. They are arranged in order from anterior to poslerior in
t*'o rorvs. Gills from legs 2 to 7 (or 2-6 or 2-5) are removed and
placed in sequence on the fourth flat slide of glycerine. If the ¿nim¿l
is a female, the brood lamellae &re remoyed in sequence and placed
in ¿ rot'on another slide. At ühis sbage one is rvorking from glycerine
to glycerine rvilhout the effects of a change in surf¿ce [ension so
that it is easy to keep the parts in order, making noües of charac-
teristics that rvill permit proper orienlation. Cover sìips are seb
in place.

-,)
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If. the amphipod species is cìimorphic, a slide of antennae, gnath-
pJ'odl' and uropod 3 of the other sex shpr-rrd be prepared for"rapid
identification; but, a full disscction shourd bu prup*.a for ãescriptìve
purposes.

Parts of greatly differing ihickness shouid not be iniermingled
on the same slicle as_.the thinner parts *-ill nor be properly fiitecl
by ihe 

-co\:er slip. Delicare parrs may neecr artificiar .upport of the
cover siip as noted above in discussion of the mandibles. Dirb may
be removed from heavily setosê appenclages by use of a fine came|s-
hair brush.

-E'entualiy rhe student will gain suffi.cienr experience for examination
of mosl parts rvithoub dissection. Even mourhparrs can be parriaìly
to fully examined by crrefur manipuration ,-,nà." a fine stereoscope
wiih adeq*ate 2-directional light io,,rc... )I¿ndibies often can be
rotated for 

'iewing molars rvithour their compleie removal. This
prolecls unique specimens from unnecessary damage or -loss of parrs,
or tbe need to monnü parts permanentlv.

The taxonomist anticipating a need to illustrate the organism rvill
leave the relson and the left first coxa art¿rched. ro the .".är. so that
a full l¿teral vierv of ihe amphipod is preserved. The telson can be
removed for fl¿t mounting after the lateral vie.iv is d.rawn. usuaily
the lef¡ legs distal to üheir coxa,e &re removed and mounted. The
lateral in toto drawing represents a composite reconsirucrion of body
and coxae drawn firsr, rvith legs superimposed. on the drawing by *se
of amicroprojector or ca,mera lucidi in wnicn degree or -ug;ifirutroocan be replicated. In this way legs are attached. io the bod"y clrarving
in 1:erfectly flat bub somewhat'nnatural conclition. one mïst deter-
mine accurately the attachmenb loci of lhe legs to their coxae bysi.dy of the proposed slides 5 and 6 noted be]rorv. Generaly, it is
preferabie to make slides of the folrowing composition if illustrarions
are to be made.
1. Depression slide with carcass.
2. If¿ndible, maxilliped, lower lip, $rilh snpport for cover slip.
3. ùIaxillae, 1, 2.
4' Antennae 7,2, with support for cover srip to ar-rorv roration and

ex¿minaiion of ail surfaces by movemeni ãf cover siip.
5. Gnathopod 2, if especially ttrick.
6. Gnathopod 1 ¿nd pereopods 1-5.
7. Pleopods 1-8.
8 ' uropods 1-3, with support f or cover slip to ailo.v rotation of parts.
9. Telson (removed from c¿rc¿ss after l¿teral illustration).

10. upper iip and epistome (rernoved from carcass after laieral
illustration).

11. Left legs, except for their cox&e.
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12. Gills, rvith sr,rpporl for cover slip.
13. Brood lame.llae.

^ 
very fi'eq*ently, prese^'ed amphipocrs have broken appencrages.

sometimes the loss of uroiroci 3 is a àonsistenr, o..,,..un.. especiailyin Eirrnm¿rids and oediceroticls. so ferv G¿-r,mm¿riclea lack u tirircl
uro¡rod th¿t the fir'st assr"rmption rrhvays sho'lcl be thaf the prrt has
been remo'ecl ¿l,cciclently ancl close ex¿minarion sho.lcl be m¿de for
sockets ¿ncl mrrsctrl¿lure inclict,ting the loss.

antennae are often broken ,rnd ì*ch specimens should be ¿r,oiclecl
unt'il experience is sufficienr to recognize amphillods by other mea,ns.In the photid-corophiicì complex, legs (excepr gnnrhopocls) and
antenn¿e are lreqnently autotomizecl rvhen the animals ore preservecl,
ancl speciaìists usuallv hLl,ve founcl other means of idenlification in
those f¿-r,milies.

The ecologist making r, strrrrv or rr, single species shouìcr be preparecr
to take specirrl c¿l'e in ¡rreserr-tition of his m¿r,teri¿rl to ens,.ìre com-
¡rJeteness,f the specimens. He'rrr,y fincr slorv clilution of serrrv-rter or
specirrl ¿rnesthelics suil¿ble to kill the orgr-r,nisms slorvlv and üo p.er.enb
autolomy.

.)
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3. LIVE OBSERVATIONS

3.1 Mounting

Iß"ï
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hosm and accumulare in the sediment on rhe floor of the conrainer. They are collected by fìkering

the wash warer rhrough a fine mesh net. Rapid Yt-h]ng of the marine invertebrate hosts in 5%

erhanol in seawarer piod.,.., few, if u.,y .op"pocls' Maåration of rhe hosr by mechanical means

obscures any associated copepods in the resul'ri''g *u's of debris and mucus' For some endoparasites

it is necessary to dissolv. inË norr', tissues *ith"aggressive.chemicals' Extraction of mesoparasitic

copepods, which arrach ro their hosts via an embeääed anchor Process' can be achieved by cutting

out a ,steak' of the fìsh large enough to contain all the anchor' This is left in saturated potassium

hydroxide overnight at 20-'C. Th; tissues of the fish host dissolve, as do the internal cissues of

;¿;:;Ëo'"ä:ì;;"Ë ii,. ir,,o., exoskeleton of the copepod showing the undamaged form of the

anchor.

Kabata (1985) provided a usefuì overview ofhow to lecover copepod parasites from dead fìsh'

The fìsh host is examined according,o " 
,., fro..d"", working through the. fish beginning with

the ourer tissues ""J'pr*..4i'g 
gîua,ruiìf il*u.at' In this wa! each tissue is observed intact jæ

silø before it is disturbed by dissection'

2. MICROSCOPIC METHODS

A stereomicroscope with swinging arm -stands 
is recommended for dissection as it minimises

disturbance. In order to .eu.ol-strictural details and exlernal coloration' it is necessary to study

large calanoids and *or, nrft parasites *ith i"clit'td incident light' Incident lighr can hea[ up the

dissection dish when ordinary lamps or low voitage lamps aie used so cold light sources are

recommended. These offer the grearesr brightness" and best, focusing capacity for observations

under high power. sorting and dissectio" oi 1ilil copepods.is best achieved with rransmitted light

using a total magnificatiå of at ìeast 40x but.rp,o Z+O*.is desirable' A compound microscope

(bright-freid) with u r"i of objectives i".f"ãi"g i tOO* oil immersion objective is necessary for

routine analysis of pr.furuti'o.r, o.t.glass slides..However, the use of in¡erference contrast

illumination is recommended for a.r.riptiu. Purposes. Inrerference contrast illumination produces

a conspicuo,-,s 3-dimensionai image of aÎl ,-,nsiai.,Ld, t'u"'purent objects' including the Ftnest details

and the images are free from halos'

Minute iinear srructures which scattel light are often visible under dark-fieid ilìumination' even

if rheir thickness is below the resolving påi.t "f 
,he obje.ctive' Howeve¡. the objects might not be

represented with absolute accuracy'

Inverted microscopes for transmitred light are, highly ttto-åt"ded for observation of living

materiai in chambers, perri dishes, .,.., u.,ä for icleniifiåatìon without dissection' The advantages

are rhe large working distance which allows the use of tall culture dishes, and the retention of

image sharpness at high magnifications'

Linear measurements of copepods and their limbs are made using an eyepiece micrometer

whose scale division appears together *iii tf ,. image of the object ¡o b1 mtatured' Calibration is

performed against u *åg. miciometer *ttl.tt is usrially a glass slide with an engraved scale' 1 or

2 mm in length and divided into 100 or 200 intervais respèctively. When drawing with the aid of

a camera lucida a scale should be added to the drawing using a stage micrometer at the same

objective/eyepiece combination as used for tracing'

Short-term observations can be made on specimens placed on an ordinary sìide in a.drop of water'

preferably from the same habitat, u.,d .oJ.red v¿ith a coverslip' Watel may be gradually removed

with a small piece of filter PaPer until the animal is immotilised' For larger and soft-bodied

animals the edges of the coverslip should be supported by small flecks of *u* ot by fragments of

coverslip. Long-term studies of behaviou. "tl"g'å""*atJgraphy 
or video-¡ecordings are typicaily



)

448 COPEPOD EVOLUTION

Performed in special observation chambers which reduce evaporarion (see westheide & purschke,l9B8 for different tTpes),

Artificial sand systems have been used to.stud.y the behaviour of meiofaunal copepods. Theseare designed to simulate the natural conditions. coineau & coineau (lg7g) conrt.,.,.t.d a rrans-parent model based on small resin casts made from moulds which in rurn'were prepared fromblocks commonly used in the printing industry. A similar b,.r, .nor. narural model was designedby Giere & welberts (1985) by-photoglaphic tiansfer of the normal sand grains ro a plastic mouldusing modern block-generating techniques. Micr^o-agar plates are also useful lor culturing andmaking live observarions on coþepods (ðeorge, I975j.

3.2 Narcotisation

' Freshly coilected coPepods that are preserved with fornlalin typically exhibit severe reactions rothe preservative before they die. These reactions are often expressed in violent movements thatcause ejection of gut.contents and dropping of e-gg sacs, ,.rá"rirg r,r.rr ,"*fies almost uselessfor analysis of food habits and measrr.ements oilecondary producrivity. Narcotisation beforepreservation is therefore recommendeci. Many of rhe naráoiisarion *.ihod, may be used fortemporarily anaesthetising copepods and allowing their rr¡r.q*'ì ,;;;;;""fì., obr..uutio.,,have been made' Preferably, ihË animals should ãot be tranrfåred directly i,-,,o ,t. narcotisingsolution because the amount necessary for relaxatio" ã.f"rra, on the species involved. The
lffiiä,',|:J]o 

be added drop bv droþ, graduaily replacin'g the original nii¿ unrir rhe copepods

Gannon & Gannon (1975) recommended carbonared warer, chloroform and methyl alcohol asthe best agents to narcotise freshrvater crustacea.n zooplankton. carbonated water (l volume to20 volumes of lake water) is preferred because ir is cheáp, readìly accessible everywhere, and. easyto use in the fìeld' Both McKay & Hartzband (1970j and Hurings & Gray (1971) preferredpropylene phenoxetol for meiofaunal copepods. One uolu^. of a L5% stock solurion should bemixed to ten volumes of seawaler and poured over the sample. The inducrion time is about 30minutes' In general, a magnesium chloride solurion isotonic ri searvater (about 7.5 g Mgcl2.6Hrodissolved'in 100 ml distillèd water) is suitable for marine rpe.i.r; rhe specimens musr rem.ain for10 to lö minutes before being transferred i.rto fi*uti.,r..- 
-'-

3.3 Vital staining

copepods are small organisms and their er¡aric swimming makes them difficult to observe alive.Vital stainjng increaseJ their visibility and is useful i" *u?;; behavioural observarions. variouswater solubie dyes are available but tLe basic dyes Neutral ..å u.,a ìvfethyiene Blue are preferredbecause they are the least harmful to the copepods. Intraaitantstaining (Dressel et al., lg72) withNeutral Red vividlv suins live copepods, p.oualng a rapid techniqueïr ,o.,lng-a.ad copepodsfrom live ones' copepods are pruåi into fresrr o. ,îu*uå. containing the vital stain and only liveindividuals take up thi st"in' ctpepod eggs are.inconsistently stained by this technique. Ansrensrud(1989) used Neutral Red to-*u.i. pu.r[iiu, developmen,Jt r,"g., or individuals and, unless thespecimens were overexposed, founà that the stain hld n.gìigiur. or no effecr, on rhe survival andbehaviour of rhe parasiric copepods.

3.4 High-speed cinemarography

studies using high-tP:.:d, high-magnification microcinemarography allow direct observations offood capture and handling by-tetheied animals and the ryryri! of swimming and foraging patternsof freely srvimming top.pãat. A detailed description of tne'ofrical pathrvays employed ro observeswimming calanoids and their feeding behavior-ir i; p;;;i.ïby strickrer (I985).

4. FIXATION AND PRESERVATION

In practice it is advisable to use two separate fluids, one for fixation and another for preservation.

)
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Most ñxarives are designed for rapid effects on tissues but lead to excessive hardening when used

as a preservo,iu. ou..'l,"ng perioäs. Furthermore, most fixatives are not suitable for open-dish

.-,ra baaorlra they. are corrosive or toxic'

Formalin: copepods are most conveniently fixed and prese rved in ó% buffered formalin solution'

This ìow concenrration reduces the tendency of formalin to make copepods.b¡ittle' This effecr is

sìgnificant when using higher concenrratioás b,-,t can be ameliorated by adding glycol (2 to 1Vo

flofyf .n. glycol) *h'i.h "h", rh. capacity_ for maintaining {ìexibiliry of tissues and joints in

l.rfiiopoar."lt is also a powerful inhibitor of f,rngal grgwth und upp-tatt to assist in,the penetration

of formaldehyde as u fi*utiu. (sceedman, 1976). It is viui to buffer the formalin solulion at a

minimum pH of g.2. Suirable buffers for commercial formalin are borax (sodium tetraborate) or

hexamethylene terramine which are added in an amount of 200 g.l-t.

Ethanol:, Alcohol, although frequently used for museum collections, is iess appropriate for

preservation because it leà'ds to brittleness, destroys the colour, and leaches the tannins out of

cork stoppe¡s and transfers them to the animals, turning them brown or black' The yellow colour

of alcohol solutions containing planktonic copepods ii generally due 
-to 

dissolved oils and fat'

lf ransferring such solurions to-fårmalin *uy åt.ttt in thã. deposition of a ¡hin, slimy {rlm c¡n the

,p..i*.r,r. Ëthanol ,lro p.odrrces a milky'precipitate with sea water, its dissolved salts being

rhrown out of solution uåd of,.r, deposited or, ,h. specimens obscuring minute-morphoiogical

details. when dilutecl with warer it becomes too *.o^k ro kill bacteria and loses its preservalive

;;;.;. A further disadvantage is thar it evaporales rapidly under the stereomicroscope thereby

creating currenrs which makeihe specimens uuhirl uro,tttd, uncontrollably during open-dish sorting'

There are advanrages occasionally ìn fixing in formaldehyde and then transferring to 7'cVo ethanol'

preservative for zooplankton: Sreedman (1976) recommends a solution made uP of.propylene

pn..,o*.rot (0.5 ml), p.opyl".,. glycol (a.5 ml) and distilled water or sea waler (95 ml) and may

èasily replace old formaldehyde solutions'

Other preservatives: Many authors claim that the use of glycerine in preservative recipes is

advanrageous. In general, glycerine can be used to help re_taining colours. Volkm.ann (i979) used

uq.,.o,rs-glycerine"(2 uot,råå, of glycerine + 1 volumL of distilled water) in order to retain the

natural colour patrerns oî Tisbe !p..i.t. Adding a branch of fresh red aigae and storing the

specimens in thå dark might also tetp (Hamond, pers. comm.). Glycerine also acts as a safeguard

ugoi.,rt drying up shouldihe vial be imperfectly såaled. Hamond (1969) recommended a preserv-

arive made upby  ¡Voformalin (1 part), glycerál (2 parts) and distilied water (15 parts)' Scourfield

(1946) suggested the foliowing recipe is'the best-preservative for freshwater cladocerans and

àop.poariîgg% formalin (1 pi'.t), absoi,rte alcohol ('2 parts), glycerine (1 part), distilled rvater (12

parts) and a trace of glacial acetic acid.

5. RESTORING DRIED.OUT SPECIMENS

Specimens can dry out as a result of a cracked lid of a vial, bad packing for shipment' or any of

a number of other reasons. In order to allow restorative chemicãls to penetrate the body tissues

air must be expelled from the specimen. Ellis (1981) recommended either direct immersion into

80% IMS (industriai methylateä spirit), or, *i,..t t'he specimen fails to sink, the applicatt-"" ?f
gentle heat unril rhe solutián reactres boiling point, immàdiately after which.the container should

be allowed to cool. Following rhis procedut.",t," specimen is placed ìnto distilled water and relaxed

using different chemical t.Jut*.Åts (see Ellis, tg^Bt: tZZ foi mo.e information)'Jeppesen (I9BB)

sarisîactorily rehydrated various crustaceans by placing them in a solution of Decon 90 or

diocryl sodium suÍfosrrccinate (CzoHszNaOrS), ,t-,É¡..ting ih"* to repeated application of vacuum/

equalisation at room temperature for 24 hours,"rinsi.tg in water ànd finally transferring to [he

desired preservative.

A restorative solution which has proved to be extremely effective for small crustaceans where

littie swelling is required, is trisodium phosphate (Na3Pó+.i.2H2O). Van Cleav-e & Ross (1947)

used a O.2b-O5% solution, briefly heateã thË specimens and left them to stand for about I hour

,)



450 COPEPOD EVOLUTION

whilst cooling' Harding (1956) preferred a 27o solution which generally is sufficienr to break downclingingorganic matter. Thompson er al. (1966) obtained fai'rty gooá resultr rrl;g a miy-rure ofequal volumc-s of distilled water and ethvlene. gíycol..Dried speciä..,, *....".f[,.ry resroredin t-l1o 24. hours. Specimens were transfer.ed i.â* the ethylåne glycolsoluti on to.c¡Voand thento 70Vo ethanol. Lactic acid, potassium hydroxide (KoH), sodium carbonare (Na2cos) and amjxture of glycerine and water are also frequenrly us.d bít seem to cause deterioration of thetrssues.

6. SLIDE PREPARATIONS

6.1 Clearing

Prior to dissection.the specimen must be cleaned of any attached detritus. This can be achieved.by repeatedly sucking up and.discharging the specime.r'i.,to a viai or warch glass, half-filled withwater, using a Pasteur micropipett., oi bf vigorãus shaking in a small vial rwo thirds full of rvater.
Dissection is best achieved on cavity slicles with the specimens immersed in a viscous fluid thatalso serves to clear the specimen. Glycerol and propyle'ne glycol are wid.ely used but lactic acid isa better clearing agent. Lactic acid renders the cuticié -o.ei.rppl. and may be used as a remporaryclearing agent' Over an extended period it will soften mos.t tissues ro a point at which theydisintegrate' Most clearing media ;r. .Itorlr.onic and ,f".i*"r,, t uu. lo'¡. protected fromcollapsing by sudden loss of internal fluidi.'Ti¡is can be a.hi.rr.d by penetrating the exoskeletonwith a dissection needle, or by soaking in a 50% aqueous solution of the medium before transferto rhe undiluted mounranr.

Examination of ìntegumental structures is considerably facilitated by removal of internal tissues.This can be done by carefully warming the specimens ín t0% KOH by weighr in distiiled warerat about 90"c for'1-2 houri. After Jinsing the exoskeleron in distilÍed *äte. a'd subsequentstaining in an aqueous chlorazol Black E Qùù solution for about l0-20 seconds, the specimen canbe transferred to glycerol for examination. Pepsin can be used to dissolve soft tissues but usrrallydoes noc work on formalin-fixed animals.

6.2 Staining

Staining with Rose Bengal, Lignin Pink or chlorazol Black E may facilitate sorting of copepodsfrom sediments or extraition iesidues and. may gtu" tor*-;;fi;î;;;. îr,sä^fiård microscopy,but it is preferable not to s¿ain when using Ñãmarski interferenc. .or,rrir, microscopy. Rose
fengalcan be employed either ar rhe time of"preservarion o. o" tu*fr*;Ë;i;;rtly processed.Formalin fixed samples can be stained with iO ml of l% Rose Bengal solurion (I g Rose Bengalin I I of ljvo rormalin). Rose Bengai stains best at a pH of 4-b, however it obscures natural colourpatterns and fìne structural detail. Bo.ax carmine stains all crustaceans and other small zooplanktonred and facilitates their recognition in plankton samples (Nichols in steedman, I gz6). This methodis particularly useful for the identification, staging und.n,r*".ation of nauplii and early copepodidstages, since they are virtually transparent .u-*r, ãft., fixation.

,,4.:T9llg to English & Heron (in Steedman, 1976) Solophenol blue 2RL (:Chlorantine fastblue 2RLL) can stain some coPepod stru-ctures slowly and sålectively to a pale mauve shade, thiscontrasts with most dyes (e.g. chiorazol Bla.ck E, Ligin pink) which p.n.,.ui. tr,..hltin so quicklyand stain so intensely th.ai.morphological details"tiy b¿ obscured. specimens are graduallyimmersed and briefly soaked in å few ä.op, of a mixture of about ro 
"ig s"l.;Ienol blue 2RLper ml lactic acid.

6.3 Mounting and sealing media

Alcohol-soluble mou¡ting media: Euparal is an excellent mounting medium for stained sectionsand whole mounts. Even Jd p.eprratiãns can be dissolved in gbVo ãthanol for remounting.
)
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Hydrocarbon-soluble mounting media: canada balsam dissolved in xylene' benzene or chlor-

oform is particularly useful fo. 
"*hole 

mounts because of its high solids content' A disadvantage

is that Canada balsarn-.r,o,rn,, darken with cirne, eventually assùming a dark amber colour'

Water-soluble mounting media: Suitable media are Hoyer's or Faurl:'s medium' 10% glycerin in

95Zo ethanol and Zeis lîtf. rn. latter is recommendtâ bttut,'t o[ its unsually high refractive

index of 1.515. ri-,. origlrr^l recipe of Hoyer's me dium contains 200 g chioral hydrate but Higgins'

(tgg3) modificarion ,eä,rced thìs amounr ro 100-125 g to Prevent,"".t.l:illg of specimens'

Higgins further ...o**.tds the addition of 2 g iodine-crystals and I g potassium iodide'

Lactic acid & Berlese's fluid: These media should not be used as mountants because of their

strong clearing ProPerties'

Gurr's Neutral Mounting Medium: Hockin (1980) proposed using Gurr's neutral mounting

medium as an aiternativã to acidic *o,rrrti'g *táiå sttch as Canãda balsam and Polyvinyl

Lactophenol. It is a slow-drying medium so thãt the specimens can be positioned and arranged

precisely. It is recomm.nd.ifoirome interstitiai copepàds which are sensitive to other mountants'

Polyvinyl lactophenol: This is widely used but is not recommended for type collections since it

overciears the preparadon within about len yeals. The mountant is also gradually replaced by

,or.*", of long thin crystals and oflen dries out if not sealed

Lactophenol: This is by far the best medium for microscopic preparations' It does not have a

strong clearing effect and allows the preparation to be remount"¿ i" u more suitable orientation'

even afrer a tong period. It consists ti *'.ri.ã phenol crystals f'9 T)' l"ttli-1t^1110 ml)' gìyceroi

(20 ml) and disrilled water (10 ml). PreParations have to te 
'euied' 

Many commercial sealants such

à, erut¿it., Murrayite, Bioseal, and Glyceel are available'

6.4 Dissection

The dissection medium depends on the mountant used' Both Reyne's and Hoyer's media are

aqueous based urlJth...fåe the specimen has to be dissected in water' For lactophenol and

polyvinyl lactophenol the dissectio., i, dor," in lactic acid' Dissection is performed using two

dissecting needles made from ca. 0.2 mm diameter tungsten rvire projecting about 2-3 cm from

a holder (pin vice or glass capillary tube). The tip of thã needle tutt Ut sharpened by electrolysis

using a 6-voit supply (a stereo *i.tor.opJìu*f oå"trormer is suitable)' where the needle is dipped

in a saturated solution of potassium hydroxiie. The immersed part of the needle must be dipped

ö;dlt urra g..,tty in and our ro giue rhe desired shape of the poinr.

Anothermethodforsharpeningneedlesisbasedonanhydroussoriiumnitrite(Wells,i9B8)but
is not recommended here as it can U. Jung.'o"s' Crystais- of NaNOz are carefuìly melte-d in a

crucible ro give a deep yellow liquid. Wherî the end áf a thin wire is dipped into this' a ball of

incandescence forms at once on the tip U.i,o* the liquid surface and migratesrapidly up the wire

irrro the open air, where it vanishes, lèaving the end of the wire eroded to a fine point'

The following dissection technique is recommended for routine identification work:

1. Dissection is carried ou! under maximum magnification (at least 40x) and entaiis using one

needle to hold tt. rp".i*.n steady on its side, while"using the oiher needle to cut' lateraily through

the body somites.

2. First hold the Prosome and cut away the urosome' then proceed ante.riorly to divide the

prosome inro rhe inäi.¡idual pedigerous sá*it., together with iheir resPective appendages and

hnaily tease off the first swimming legs from the cephalothorax'

3. The head appendages should then be separated.from the cephalic shield'.In Practice it might

be possible to dislect aii the mouthparts when dealing with large species' however in smailer

animals only the anlennules, antennae and maxillipeds might be successfully removed'

4. Place a streak of polyvinyl lactophenol (or Reyne's mountant) transversely across the centre

of the slide.
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5' Transfer each part as it is dissected, to the mounrant on the point of a dissecting needle toits equivalent position in the streak. The urosome should be mounred venr¡al face up (in podopleansthe fifth leg can be separated at this stage). Ir is cruciar ,rr^iir-r. r*#;;i.;Jo.. *ourted inthe correct order (particularly the seconá ro fourth swimming legs which ir" ãr,"n very similar)and anterior face upwards.

6' In order to avoid the dissected parts,floating around when the coverslip is placed on rop,allow the mounting medium to become tacky. PiaJe a cross of mountant on a åorrerslip or a dropof mounranr on top of rhe srreak and gently rower the coverslip into posirion..
7' Nore the positions of the dissecred parrs on an adhesive rabel.

An alternative method is to mount each elemenr in one of six drops of polyvinyl lactophenol,placed wichin a i5x15 mm area and cover.all the drops rith u small coverslip. using rhis methodthere is little risk of transposing the limbs but it is incånvenient for examinaiion, especially underoil immersion' Here, the position of each element can be labeled on the underside of the slidewith a fine indelible pen.

For detailed taxonomic studies it is necessary to dissect ou.r all the cephalorhorax appendages,to separate the fifth leg from the urosome (in podopleans) and ro ensure ihar the legs are mounredanlerior face upwards. It is recommended thai each of tná di**,.d;;;,, ì, *ä'"'rr*a on a separareslide' or' in the case of minute species, that che n.oa 
"pp."ãäges are mounred. separate from theswimming legs, and the latter fiom the urosome. Alternative d.issection strategies are describedby Hamond (1969) and Coull (1923).

6.6 Mounting

The cobb metal slide frame preparation holds a double coverglass mounred preparation andallorvs the microscopic examinãtion of copepod from either of riie rrvo surfacerl rni, techniquewas introduced for harpacticoìds by Perkins (r sso¡ u.,d *u, alro used by Humes & Gooding ( I g64).A recent variation of the cobb slide is the Hìggi,rr-sni.uyu.na slide which consisrs of rwo srandardmjcroslide-sized pieces-of plastic fused into a single unit the same thickness of a standard slide. Itallows for a more pre-cis.e.èentering of the specirien ar a level equidistanr benve.";ä;;.;*ilorver surface of the finished prepã.ation.
The open-mount technique described by Humes & Gooding (1g6a) offers the advanrage that asingle specimen can providà a full set of oúservations, since dilsection can be stopped ar any poinrand the results examined or drawn under the compound microscope even with oil immersion.with the slide upside'down the dissected parts. ur.'plu..à i., u s*oil drop of lactic acid on rheexposed surface of the coverslip. The animal *"y tt.r, l. examined under the compoundmicroscope by inverting the slide. The dissected paris are rhus hanging in a drop of fluid and arenot exposed-to any compression' For permanent preparations the dissections can be covered. withHoyer's medium and a smaller cover slip which ailtws rhe mounred specimen to be examinedfrom borh sides.

The mounting procedure we have used in the course of this study is extremely simple. The.specimen or the dissected part is mounted in.lactophenol i., a 'san¿wich slide,, i.e. the coverslipis supported on both sidei or on one side, by f.åg;;"; ;f b.ok.., coverslip or by completecoverslips' The number of. supporting coverrtipr- i.q.,lted can be adjusted according to thethickness of the specimen' The åit of mãking o ,uåd*i.t ,üà. i, to pinch the specimen just enoughto hold it in position without squashing i:""y, of shape. Th. p..rr..,re of the coverslip can beregulated by sliding the supporting coveislips in or o.r,'ru,n., than by the addition or subrractionof lactophenol' It is extrtmely imþortant in the 
^""Iy;it ;¡ r.gmentarion patrerns that limbs areviewed in their natlrral shape ãnd configuration. otiinary mounting techniques inevitably resultin squashin8 !f the dissectËd.parts, theieby distorting I.rígih,*iath ratios and the 3-dimensionalstructure' Folds and depressions are heauily o..".rrå,.d"in squashed preparations and can bemisinterpreted as genuin: segmentary bounáaries such as the alleged praecoxa-coxa boundary inthe maxilliped of"the oitho'nidae. Á second adv.antage of this rechnique is that it allows rhespecimen or the limb to be re-orientated by -o'ip,rìuiio" oi'rl'r. top coverslip so that it can be
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HOW DO YOU TELL THE SEX OF AN AMPHIPOD?

The sex of a juvenile amphipod cannot be established. Sexual differentiation begins at

a particular moult, the number of which may vary belween species and within a species

with season. Females develop fuily functionai, and increasingly marginally setose, brood
plates (oostegites) on peraeopods2-5 (2-4 in podocerids) graduaily over a series of moults.
-Oostegit.s 

aie attached medial to the gilts (branchiae) and arise from the medial base of
the coial plates. At the moult at which a female becomes sexually mature the brood plates

become futly setose and these interiocking and overlapping plates form a venlral chamber -

the brood pouch or marsupium - which holds the eggs during development.
The openings of the paired oviducts are situated iaterally on the sternuT of Peraeon

segment 5. In-males the reproductive openings occur on paired penial papillae laterai to
the mid-line on the ventral surface of peraeon segm.ent 7. Males usually have secondary
sexuai development of the 2nd gnathopods (1st in Aorida.e)and often of the 2nd antennae

also. These features also develop gradually over a series of moults after sexual

differentiation.

THUS CHECK: PRESENCE OF PAIR OF COXAL OUTGROWTHS IN VENTRAL GUTTER
OF PERAEON (may only be buds) FOR A FEMALE
PRESENCE OF ENLARGED GNATHOPODS / PENIAL PAPILLAE FOR MALE
IF NONE OF THESE THINGS VISIBLE IT IS A JUVENILE

**** Occasionally, intersex individuals may be met with. These have oostegites + male
gnathopods. Reports of this phenomenon come mainly from work on gammarids and
talitrids*'r'T*

)

)
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Breeding biology of amphipods
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A selection of recent papers on amphipod breeding biology which summarise most
liierature:-

Borowsky,B., 1997?. Patterns of reproduction of some amphipod crustaceans and insights
into the nature of their stimuli. In, Crustncean sexltal Biology, Bauer & Marrin (eds),
Columbia University Press, N.Y., pp33- 9.

Conlan, K.8., 1991. Precopulatory mating behavior and sexual dimorphism in the
amphipod Crustacea . Hydrobiologia, 223, ZSS-282.

Powell, R. & Moore, P.G., 1.997. The breeding cycles of females of seven species of
amphipod (Crustacea) from the Clyde Sea area. I.Nat.Hist.,25,435-479.

Sainte-Marie, 8., 1,991.. A review of the reproductive bionomics of aquatic gammaridean
amphipods: variation of life Ìristory traits with latitude, depbh, salinity and superfamity.
Hy dr ob iolo gin, 223, 789 -227 .

Steele, D.H., 1,99L. Is the oostegite structure of amphipod.s determined by their phyiogeny
or is it an adaptation to their environment? Hydrobiologia,2z3, zr-34.
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1082 r\'f. SHEADER AND FU_SHI¡\NG CHIA
slr successive mouits, irence producing six broods, once hav.maruritv' The number of brooàs produled p.. ¡;;i.;r;,'irïåI.irr:l;l
Embryonic deaelopment

In gammarids, sexual maturity is achieved..rong before marimum size isreached. Mating invoives. an initiai perjod of pai.i"! ;;;;dfi;îrd of whichthe female mourrs, and rhe rnare dåposi" ,o;r", irr-irr" 
"p.,' tr"ào_chamber.
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Head size (ro nearesr 34p) mm

Observed increases in size at moult
Fig' z' Size tffl.-:l 

{:1it.r.. Observed increases in size during moults and a rheoreticalrncrease in size during a maximum of 6 mourts is ñdicated.

T.he pair separate and the female releases her eggs into the brood-chamber :.-- 
" 

1

where fertilization occurs. ^'v¡ vbÞr

- The maie of M. obtusauts pairs with a female which is carrying or has rc- - . .:

leased her,young, or more rarely, it will pair with a female caåying cggs '. ,,almost ready to hatch. During tir.'p"tioaiff,airing the mare carries tir" ie*ãic ' -1---:'::i -:
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uslng his secontl gnathopods which are inserted under the edge of the tergum

of the first Peraeon segment of the female' Other limbs rre often

the female, rvho in turn assumes an lfiactlve posrüon rvith the limbs heid

close to the bodY
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1084 Nl. SHEADER AND FU-SHIANG CHIA

compressed rogerher ro form tlvo gelatinous masses (Fig. +). Wi¡hin a ferv
hours the gelatinous masses dissoive internally to form tlvo sacs) allowing eggs
ro move freeiy and acquire a more uniform ovai shape. After about rz h ihe
sacs completely dissolve, reieasing the eggs which become distributed along
the whole length of the brood-chamber. It seems likely that this mechanism
serves to hold and protect the eggs until the brood-plates of the newly moulted
female have hardened, and their fringing hairs have become extended and
interiaced to form a chamber.

Egg size was found to vary according to the stage of development and ranged
from 55o to 887,ø in mean diameter. The eggs are deep red in colour and con-
tain large numbers of oil globules.

Cleavage is initially total, but later becomes superficial. The ûrst two
divisions are perpendicular to each other resuking in four equai-sized blasro-
meres. The third dividing plane is perpendicular to the frrst trvo, producing
an upper tier of four micromeres, spiraliy arranged above the lower tier of four
macromeres. The fourth division produces the 16 cell stage consisting of 8

micromeres upon 8 macromeres. Synchrony of division is lost after the r6 cell
stage, the micromeres dividing at a greater rate than the macromeres.

Further division of the micromeres results in an oval-shaped group of
pigment-free blastomeres, the germinai disc. At the apex of the germinal disc
a group of micromeres fo¡ms the rudiment of the dorsal organ, and in the
meanlime gastrulation proceeds from the posterior region of the disc. Somites
of the anten-nuiary, mandibular and ma-riliary segments appear, and after the
formation of the ma,xillary rudiments a transverse caudal furrow, the primary
flexure of the body, is formed behind them. The fur¡ow deepens, part of the
disc behind being folded forwa¡d to become the caudal papilla. As the furrow
deepens more segments are formed, and the point of flexure of the body
shifts baclcrvards, the caudal papilla elongating and extending forrvard. In the
last stages of embryonic development the heart begins to beaì, and spots of
red pigment develop in the optic rudiments. Prior to hatching, peristaltic
movement of the gut, and other muscular movements of the embryo become
evidenr.

In brief, the development can be summarized into the following slr stages,
all of which are easily distinguished under the microscope.

(r) Early cleavage stages, prior to the formation of the germinal disc. All cells are

pigmented (Fig. 5a).
(z) Deveiopment of the germinal disc and appearance of the dorsal organ rudiment

(Fig. 5n).
(3) Formation of the caudal furrorv and appearance of appendage rudiments

/Fio < c\
\^ ¡5. J v/l

(4) Segmentation ofall the appendages, reduction ofthe dorsal organ, development
of ihe optic rudimett. uttã of the heart (not beating), rvidening of the caudal

furrorv, .hu.tg" of the embryo to a more ovai shape *ith the h.uã occupying the

apex (Fig. 5o).
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compressed togerher to form ñvo gelatinous masses (Fig. +). Within a ferv
hours the gelatinous masses dissolve internally to form nvo sacs, allowing eggs
ro move freely and acquire a more uniform oval shape. After about rz h ihe
sacs completely dissolve, releasing the eggs which become disuibuted along
the whoie length of the brood-chamber. It seems likely that this mechanism
serves to hold and protect the eggs until the brood-plates of the newly moulted
female have hardened, and theìr fringing hairs have become extended and
interlaced to form a chamber.

Egg size was found to vary according to the stage of deveiopment and ranged
from 55o to 887,ø in mean diameter. The eggs are deep red in colour and con-
tain large numbers of oil globules.

Cleavage is initially total, but later becomes superficial. The ûrst two
divisions are perpendicular to each other resuking in four equai-sized blasto-
meres. The third dividing plane is perpendicuiar to the first nvo, producing
an upper tier of four micromeres, spirally arranged above the lower tier of four
macromeres. The fourth division produces the 16 cell stage consisting of 8

micromeres upon 8 macromeres. Synchrony of division is lost after the r6 cell
stage, the misromeres dividing at a greater rate than the macromeres.

Further division of the micromeres results in an oval-shaped group of
pigment-free blastomeres, the germinal disc. At the apex of the germinal disc
a group of micromeres forms the rudiment of the dorsal organ, and in the
meantime gastrulation proceeds from the posterior region of the disc. Somites
of the antennulary, mandibuJar and ma"rilia¡y segments appear, and after the
formation of the maxillary rudiments a transverse caudal furrow, the primary
flexwe of the body, is formed behind them. The furrow deepens, part of the
disc behind being folded forwa¡d to become the caudal papilla. As the furrow
deepens more segments are formed, and the point of flexure of the body
shifts backwards, the caudal papilla elongating and extending forward. In the
last stages of embryonic development the heart begins to beat, and spots of
red pigment deveiop in the optic rudiments. Prior to hatching, peristaltic
movement of the gut, and other muscula¡ movements of the embryo become
evident.

In brief, the development can be summa¡ized into the following six stages,
all of which are easily distinguished under the microscope.

(r) Early cleavage stages, prior to rhe formation of the germinal disc. All cells are

pigmented (Fig. 5e).
(z) Deveiopment of the germinai disc and appearance of the dorsal organ rudiment

(Fig. 5n).
(3) Formation of the caudal furrorv and appearance of appendage rudiments

(Fig. :c).
(4) Segmentation of all the appendages, reduction of the dorsal organ, developme:rc' ' 

of ihe optic rudimettt. o.lã of the heart (not beating), rvidening of the caudal

furrorv, ðhu.rg. of the embryo to a more oval shape with the head occupying the

apex (Fig. 5o).



I

ng-'c

i:,. o

{.) \1-i-

r¡i- -
'for-:r

oi3
5 cr11

)^IU 'JI
.í:.. ^. u^:L

1 t,:e
-;' ,.
T ¡::I
:ïÌaiv
t 

'.1:e
fro'.v
boii'¡

rs,f
-^L.:.-

BEH.{VIOUR OF ¡t|ARINOGAùLù|ARUS OBTUSATU'S 1oE5

(5) Appearance of red pigment spots on thê eye rudiments' beating of the heart'
'-' t-r.i¡e. ¡ed.ucrion oiiÁ" ¿otråf organ, and muscular movement, especially the

sut (Fis. 5E).
(O) Éatifte¿ þveniles inside the brood-chamber'
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Fig. 5. Embryonic development' A' Stage 1, about 3o celi stage' B' Stâge z' showing the germi-

nal disc (g) of non-prgn.ri"ã ..i1, 
"ri¿ 

,i. dorsãl organ rudimenr (d). c. Stage 3, c,, frrst

antennai a., second ""r";;;;; 
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endodermai mâss; ¿y,."àäà.í.of yolk; d, dorsaioigan. E. Stage 5, ¿, eye; d, dorsal organ;

å, heart.

The six developmental stag3s 1equire on the average L't' 4'3' 7'7' 1'8'

4.i and,3-r4 dayi respecdvely-at a temperature of 7-9"C'- 
H;a.hítg ru",'obt.tu"d on a few occasions' Hatching spines are present on

the ,rrosorãe of rhe embryo which cause a splitting of the egg membrane
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Identification of juvenile Baltic Gammarids (Crustacea, Amphipoda)

Bn¿oa Ry oo

lìycc, B. 1974: Identification of juvenile Baltic Gammarids (Crustncea, Amphi-
poda). - Ann. Zool. Ferrnici 11: 216 - 219.

Å l;ey is presented to the juvenile stages of GdmIna¡us locusta, G. oceanícus, G. salinus,
G. zackÌachÍ, and G. dueb¿¡rii. The key is valid lor specimens of 1.s-4.5 mm body
length, and thus includes even recently hatc,hed juveniles.

Braqe Rugg, rVoruegrian Institute lor \Yater -Reseøcå, p.O, Box JJJ, Bltndern, Oslo J,
Noruag.

1. Introduction 3. Key to the identification

Setation of antennal segments II and III, in
conjunction lyith antennal length (A in Fig. 1),
constitutes the basis for specific identification.
The setation pattern may be expressed as the
number of groups of selae on segments II and
III, respectively, e.g. 3:2, 3:2, 2:1, 2:1, 1:1 in
a-e in Fig. 2. At antennal lengths of less than
O.so mm all the species have only one group of
setae (the distal) on both segments.

To faeilitate inspection the antenna shouid be
removed lrom the head, and the inner side o{
the antenna wittr its accessory flagellum should
be facing dorvnrvards. All drawings in Figs. 1

and 2 are of left-side antennae.
Specimens haviirg antennal lengths exceeding

2.¿ mm (corresponding to body iengths ex-
ceeding 5.s mm) could conveniently be identi-
fied by the methods described by I{rNNp
(1e54).

2. Nlaterial and methods

Embryo-carrying femâles of tho various species tvere col-
lected from the sea, sorted, and kept in aquoria to prociuce
their oltspring. The young wcre fed rvith Cladophora gio-
me¡ala and kiUed lfysids. Ä reasona-ble num_ber of specimens
of each size group rvere taken out and preserved in 4 !,o
lormalin for subsequent examination. That the morpho-
logicol structure of aquarium-bred animals was represent-
ative rvas checked by cornparisou rvÍth matcria.l from knorvn
rnonospecilic Gamma¡us stocks ln the sea.

The examination was madc with the ¿id of a stereo-
micrometer binocuiar, using magnifications rrp to 50X. The
specimens were ahyays kept in ryater o! dilutc formalin.

ln an ecological study of mi.xed populations of
Gammarus species on the south coast of Finland,
specific identification of animals of all sizes,
including recently hatched juveniles, was ne-
cessary.

lforphological descriplions and methods for
identifying North European brackish-rvater
Gammarus species \vere published by SnooNnn
(19 47 ),SponnsrnÅr-r' (79 47, 1 959), KrNNe (1 954),
and DENNERT et aI. (1969). llorvever, keys to
the distinctions betrveen G. oceanicus, G. sa/inus
and G. zaddachi rvith body lengths under 4 nm
lvere not presented. The juveniies may leave
the mother's brood pouch at. 1.s mm body
length. An iclentification nrethod rvas thereiore
developed that rvould include specimens in this
size range,

Report No. 503 lrom Tvärminnc Zoologlcal Station,
Univcrsiiy of Helsinki.

1, Setâe on antennal segment III much shorter than breadth
of segment .. . . 6. locusta (Fig. 1f, 2e)
Setae on segment III longer than breadth of segmeDt

.'.,.''.2
2. Length ol altenna under O.so mm ... .,.., 3

Length o( antenna 0.¡o mm or moro ,.. . ,. 4
3. Setåe on segments II and III slightly curved. In segment

III angie bctrveen axis and setac 50 - ?0o, ¡atio of length
of setae to length of segment 0.2-0.s

....,. c. salfnus (Fig. 1b)
Setae on segments II and III not cu¡ved. In segment
III angle betlveen a-ris and setae about 45 o, ratio ot
length of setae to ]ength ol segment 0.s - 0.2

G. zaddachí (Fig. 1a)
Setae on segments II and III not curved. In segment
III angle betrveen axis and setrie 45 - 60 o, ratio of length

:i::::: :: '::::: :: ::iTltl l';lå;;;;;; (;i;.;;;
.J

J

)



'l

I

')

)

g

Ann. Zool. Fennici 11. 1974 271

4 mnr), the dlstal setae on antennal segment III curve
and elongate slÍghtly and are no longer dlsttnguishâblo
from those of G. salln¡¡s. However, this change coincides
\vith ihe appearance of å new difference between the tryo
species. In G. zatld.achí the seta sítuated halfrvay dorvn
on the posterior edge of segment Y o{ pereiopod VII
elongates beyoncl the corresponding spine(s), rvhereas in
G. salinus this seta ¡emains shorter than the spine(s)
or is lacking (Fig. 1 g - h). This dlfference n'as noted by
DexxeÀr et al. (1969) and provides a convenient and
reliable method for distinction betrveen medium-sized
G. :aildachi and G. salínus.

The fifth Gammarus species living in the Bal-
tic, G. duebeníi, is confined to special littoral
and supralittoral habitats and is not normally
found in localities occupied by any other member
of the genus (RYcc 1972).

G. duebenií is conveniently distinguished from
the other brackish-rvater Gammar¿¡s species by
the shape of the postero-distal angle of the
basal segment in pereiopods VI and VII, rvhich
is more producecl in G. duebenii (SucensrnÅle
1946). The juveniies exhibit the same difference
(Fig.3).

b c fed

Fig, 1. a-l: Gammarus antennae. a=G. zad.dachí, b=G.snlinus, c=6.oc¿anicus, d=G. zaddachi, e=G.salinus'f =
G. ¡ocrsla. - g-h: Pereiopod VII ot G. zadd.achi (g) and G. salinus (h). Only the spines and setae relevãnt to tlìe dist-
inctionbetlveen thetrvo speciesare shorvn.'\=antennâl ¡ength. - Scale for a-f: see Flg.2.

+,

Åntennal
length (mm) 1:1

Number of groups of setae;
segment II : segment III

2:1 3:1 r.t e.t
422

0.¡o - 0.og
1.oo - 1.zs
1.¡o - 1..¡c
1.rz - 1.oz
1.ss - 2.:o

D
G. oc¿anÍcus

6 6 G, zadd.achi

5 G. salinus

G. oceanicus
7

l-Cenbine+is*s-
5. Dist¿l setae on segments II and III slightly curved

G. salinas (Fig. 1ei 2b, c)
Dista-l setae on segments II a¡d III not curved . . , . , .

6. ;;i;i;;i;;;; ;;;;;,; ii'."u 
'1ï 

iïi;f,!ï"",il;å.?
segment II angle betrveen axis and distal setae 80 - 90',
In segment III ratio ol length of distal setae to length
of segment 0.2 - 1.0 G. salinr¡s (Fig. 1e)
Distal setac on segments II and III not curved. In seg-
ment II angle bet\veen axis and distal seate 70-80'.
In scgment III ¡atio ol length of dista.l setae to lcngth
of segment 0,¡-0.c ...... G.zadd,achì (Fig. ld)

7. Distal setae on segments II and III not curved .. ... .

G. za.ddachi (Fig. 2e)
DÌstnl setac on segments II and III slightly curved I

S. Whcn the antennn ol G. zatltlachí reaches a length of
1.¡-1.2 mm (corres¡rond¡ng to â body length ol about

)
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o b
Fig,2. Gammarus antennae, a* G. zaddachí, b = G. saltnus,
c = 6. salinus, d = G. oceonicus, e = G. ¡ocusla.
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¡

0 0.2 0.1 0,6 0.8 mm

FiE. 3. Basal segmcnt of pereiopod VII. a= G. duebcnìí
(bõdy length 2ro_ñrm), _b = (;. t1-u¿åehii.(body length 3.0 mm),
è,= G. zad.tlachí (body length 2.0 mm), and d = G. oce.rnacus
(body lcngth 3,r mm).
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Family GAMMARIDAE (sensu lato)

Diagnosis : Body lateraily compressed, smooth or with dorsalelements, urosome segs free (rareiy coales-

ced). Al generally l";;;,ft""ïZ i.*óept in Cheirouatus and' Megaluropus), accessory flagellum pre-

sent. Labrum symmetric, rarely weakly asymmetric, with distal margin convex.or.concqv.e' Labium with

orwithour inner lobe. uå"¿lÚr. rotá, rrituiurive,'incisor roothed;-palp 3-articulate' third article with a

row of short D-sera. o" pårl.ilor margin, tåu.ìut'suU.arginal C-setae(on inner face) and several long

distai E-seta.; on inn.i-s,itfã.. in tire rñl¿¿te occur one or more groups of B-setae, on outer surface one

.or more groups of e-sltue. Oft.n ro*. of tit.s. groups of setaeãre absent. Mxl inner piate with setae'

'outer plate with variable number of spines, palp-1-2 articulate,.symmetric or asymmetric' Mx2 inner

plate with or without ;;.ãüi ** of sårae, 6å,trirà,.t with distal setae. Mxp inner and outer plates weil

deveioped, palp 4-articulate. Coxae 1-a long ãi ri-tot,' coxa 5. as lcng as or shorter than coxa 4' Gnl lar-

ger rhan Gn2, as rong ui oi r*aLler than cni, iuu.ir.lâte or simple. bn2 subchelate or simple' P3-4 sim-

ple, p5-7 normal, uruufty ,irifar to each 
";it;;.- 

ÈLeopods rveù developed, usually biramous (e'rcept in

Bogiclietta), peduncle wii¡r Z retinacuia t.xc.pi in Gammarelta). U1-2 generally well developed' rarely

partially reduced (Longigammarus, N.eogammarus, etc.). u3 Short or long, biramous' inner ramus

variously deveioped, outer ramus long, I - or 
'2-artículate' Telson uJudly cleft' rarely entire

(Gammareltr, ,o*.'¡rg, dietla species), s-t orì oiio.tg. Gills simple, on pereon segs 2-6' 2-7 or 4-6' Oos-

iegites narrow or broad, on pereon segs 2-5 or 3-5'

TvpE GrNu s: Gammarus Fabricius, 1775

KEY TO CENERA

1. Cnl simple. i
Cnl distìnctlysubchelate " " " " 'r

2. U3 both r"*i foliu..ous, distinctlv rounded. Coxa 4 much longer tlT 
:"*.:' î:tl.-;)ri"rt:':r'0"Íposterodistal lobe .

U3 both rami lanceolate. Coxa 4 short, not or hardly longer than Çoxa 5, without posterodistal lobe '
Cheírocratus

3. U3 inner ramus shorter than l/2 outer ramus art I . ' ' ' ' ' ' ' ,1
U3 inner ramus longer than l/2 outer ramus art I . rrt

4. Dactylus of P5-7 without nail, but U.arlng Z àisiai setae only. Cn2 ari 5 remarkably produced poste-

riorly. Head obtusål*ittt ptoau..d antetãuentral tip - t' ' ' ' ' Carangoliopsis

Dacrytus of p5-7 ;irh ãi;;i;; nait, wirhoii¿iriãi rãtu. . cn2 art 5 not produced posteriorlv' Head

not obtuse, never with produced anteroventral tip ' ' J

5. Coxae I -4 very short, much broader rhan iong. Ú3 out.. ramus art 2 more lhaî l/2 art 1 ' ' 6

Coxae 1-4 longcr than broad. U3 outer ru*ui art 2 shorter than l/3 art I or completeiy absent' " "'l
6. Md palp art 3 much shorter than irrt 2. Basis ol P5-7 similar to each other. Labrum concave

distaily:..... " Psammosammarus

Md palp arr 3 ìonger than art 2. Basis of P5-7 different fto* .åtft oiht'' Lubtum with coîvex distal

margrn " " EríoPisa

7. Telsón emarginate. U3 in male very long (rzz body) and narrow, 1-articulate, art I long. Mx2 outer

pi"t. rvith seierai iuppt.rn.ntury long plumose setae . . ' ' ' Pseudoniphargus

îelson deeply cleft. 
'Ú: 

in maie not eiongated. Mx2 outer plate without supplementary long plumose

setae. . I
8. U3 very short, not exceeding tip of U l; peduncle as long as outer ramus Gammarella

U3 moderar.f V f ong, mu.t1 ãx.àeOing tip of U I ; peduncle much shorter than outer ramus. . ' ' ' ' ' ' 9

9. Gn2 much larger thän Gnl. Al peduncì. u.ry ål,rnguted, art 2 as long as or longer than art l " " 10

Gn2 slightly or not oll larger than Gnl. Al pädun.t. not elongated, art 2 shorter than art I " ' " 11

10. U3 outer ramus 2-articulite. Mx2 inner plaie with medial row of setae. . . ' ' ' Abludomelìta

U3 outer ramus l-articulate. lvlx2 inner plate without medial row of setae ' ' lvÍelita

11. ù; *.iia"r.iÀped, normal, rami with iaieral and distalspines . . . Echinogammarus

Ul partially reducád, rami narrow, with distal spine only ' ' " " ' 72

245
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72. Mx2 both plates short and broad
Mx2 both plates long and narrow

. Longigammarus
13

. . ' Marinobogidiella
. . Bogidiella

.....Gammarellus
18

13.

t4.

15.

Urosome segs with dorsal spines and setae. P3 in males inflated, with fan of plumose setae along
posterior margin Rhipidoga^^arri
Urosome segs without dorsal spines and setae. P3 in males normal, without lan of plumose setaealongposteriormargin ..... Neogsmmarus
Coxae 3-4 much shorter than coxae l-2. Teison short, cleft rz3, quadrangular. Mxp palp ãrt 4 redu-ced,veryshort. ... Maerella
Coxae 3-4 as long as or longer than coxae 1-2. Telson variable, but not quadrangular. Mxp paip art4normal. ....... 15
Coxael-4short,broaderrhanlong. Eyesabsent ....... 16
Coxae I -4 long, as long as or longer than broad. Eyes present lj

16. Mxl paip 1-articulate. Md palp art 3 shorter than art I
Mxl palp 2-articulate. Md palp arr 3 longer than art I

17. Teison long, slighrly emarginate. Gnl-2 similar in size and sha
Telson short, deeply cleft. Gnl-2 nor simila¡ in size and shape

18. Gnl much smaller than Cn2. Al peduncie elongated. Labium with inner lobes .....19"-: Gnl slightly smaller than Cn2. Al peduncle relativeiy short. Labium without inner lobes. .

19. Mandibular palp art 3 distinctiy falciform
Mandibular palp art 3 non falciform . .

20. Mx2 inner plate with median oblique row of setae .

Mx2 inner plate without median oblique row of setae, wirh distal setae oniy .

Gammarus
Elasmopus

...20
Ceradocus

Maera

)

Cenus ABLUDOMELITA G. Karaman

Abludomelilø C. KeRauAN, 1981, p. 39
Melita (panim) cHevReux & Fece, l 925, p. 2?'7 ; J .L. BaRNaRD, 1969, p. 245

Diagnosis: Body usualiy with dorsal teeth. Eyes present (in Mediterranean species). Al longer rhan A.2,
Ai peduncie iong, accessory llagelium with several articles, A2 slender. Coxae moderate. Labrum
entire, labium with inner lobes. ÌVlandible normal, palp 3-articulate, art I narrow or dilated, arts 2-3 of
various length. Mxl inner piate triangular, rvith a row of setae; outer plate with 9 spines, palps 2-
articulate, dissimilar. Mx2 both plãtes narrow, inner plate with medial row of setáe. Mxp
weli deveioped, palp 4-articulate. Cnl-2 subchelate, Gn2 in males much larger and different from
Cni. P3-7 normai, Ul-2 normal. U3 inner ramus scale-like, short; outer ramus long,2-articulate (in
Mediterranean species). Telson cleft nearly ro the base, lobes acumi¡ìate.

Female differs from male in smaller Gn2. Oostegites narrow, on pereon segs 2-5.

Tvpe Sprcres: Melita gladiosa Bate, 1862

KEY TO SPECIES

1. Pleon segs l-3 distai margin with 3 teeth. Ep3 ventral and posterior margin serrate . , . . A. gladíosa
Pleon seg I distal margin smooth or with I tooth, pleon seg 3 with 0-l tooth. Ep3 distal margin
not serrate ",

2. Pleon seg I distal margin smooth, pleon seg 2 with l-3 teeth. Ep3 posterior margin smooth.
. A. obtusata
. A. aculeata) Pleon segs I -2 distal margin with I tooth, Ep3 posterior margin serrate .

_)
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Genus Genlr¡Rus

Nine species are recorded from fresh and brackish waters in and around
the British Isies. In Britain the two common f¡eshwater species are
Gamtnaru,s þulex and G. lacustris. Both have rounded eyes. Ail other
members of the genus normally have elongated eves. G. duebeni is the
common freshwater species in Ireland. These three species have a marked
extension to the lower posterior corner of the basipodite on walking legs
3-5; in G. þulex this corner has a slender spine. The posterior cornãrs óf
epimera z and 3 are subrectangular in G. duebení and G. þutex; in ali other
species the corners are acute.

The above three freshwater species are less transparent in rife than the
remainder. G. locusta is marine but is occasionally found in estuaries; it
is immediately recognizable by the three trianguiar urosome segments.
In Scotland it may be replaced by G. oceanirrs *hich is intermeáiate in
many respects between G. locusta and G. salinus. ilIore often found in
brackish than fresh rvater are G. zaddachi, G. tigrinus and G. cheareuxi.
These three are very "hairy" in appearance, rvith numerous and some-
times dense tufts of long setae on the antennae, iegs, uropods and teison.
In mature adult males oî. G. tigrinr¿s and G. chelreuxi (occasionalry in
G. zaddachi) many of the long setae are curled..

G. salinus and G. oceanicus do not occur in ftesh water, except where it
trickles over the shore and is subject to tidal inff.uence. These two
resembie the less "hairy" specimens of. G. zaddachí. Both G. salinus and.
G. zaddachi_are distinguished from all others in the genus by possessing
nunrerous dense tufts of setae on the ventral margin of segment r on
antenna r.

J. .{IvIPHIPODÀ

Table z. Distribution of laterai lines or groups of setae on outer face of mandible
palp segment 3.

)
Species No. oi late¡ai lines

G.
G.

tG.
G.
G.
G.
G.

iG.
,G.

þule*
Iacuslris
duebeni
cheurcuxi
locttsla
ligrinus
oc¿anicus
zadd,achi
salinus

I
I
I
I

2-3

3-5

Fi

hc
gr
(fr
sei
va
ac

lo¡

Pa
4t¡

-_)

.J

J

'Setae also present on ventral margin of mandible palp segment r
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In G. zaddachi, G. salinus, G. oceanict'r.s, G. tigrint¿s and G. cheureuxi the
most reliable characters diagnostic for immature as well as adult specimens

of both sexes are setation on the mandibular palp and the frfth waiking ieg.

In preserved specimens the mandibular palp is reflexed upwards from the

*"trdibl", ro ih*t segment 3 oi the palp lies between the bases of the

second (lower) pair of antennae (fiS. z¡). The setation is best examined

under a binocular microscope on palps removed together with the

mandibles so that the ou,ter fàce is readily identifiable. Where possible

--------)

A

t-----------+

B

I'iø^'Þ

0.1 mñ
È------{

23. Head of Gammarusi A, shorving positiorr of mandible PalP (/);8, detail
of maadible palp, with lateral setae shown on segment 3 ( ,¡)'

hold. the palp in a variety of attitudes to determine the number of lines or

groups oi setae set obliquely across the outer lateral face of segment 3

[figr-23,32; Table z, i.54. N.B. Often the inner lateral face of

i.g*.nt 3 hur a similaigrouping of setae, but the setation here is more

vaäabte). For holding tfre pätp, a drop of viscous medium such as iactic
acid has the advantagJ that it wili retain the required attitude of the palp
long enough to allowinspection under fairiy high magnification, and the

pali *ay-then be mountid directly into polyvinyl iactophenol on a slide

and examined again under a microscope.

)

)

J
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Experimental "jizz" k"y to live, mature littoral gammarids in Scotland

[Requires no assessment of mouthpart or gnathopod detail to use. Mature animals are
females carrying a brood or bearing setose oostegites, or males with vsell developed
gnathopods. Once you have a verdict, check against further detail of that species in Lincoln:
** P.G.Moore's contrivance. All comments welcomed**]

Noie: the cycle of generic spiitting and lumping has now come full circle with Vader &
Palerud.'s listing (1991) of erstwhlle Gammarus, Marinognmntnrus, Echinogammarus and
Eulimnogammnrus back under the one umbrella - Gnntmnrus. What the generic truth is is
presentiy unclear. One problem is that Echinogammarus and Eulimnogømmarus are genera
founded on central European FRESFIWATER species. How separate are the Gamm.arus's
with U3 rami subequal vs those with a short inner ramus (problem of. finmarchicus) ís
uncl:ar. Further work like that of Holmes (1975) on a wider range of taxa wouid help
establish the relative closeness of entities. With these considerations in mind i:he key below
refels oniy to specific names.

1. Adults small (< 15mm) lNote: length measured from roslrum to telson: not inci
uropodsl

Adults large (> 15mm) .

..2

J. c/1\

Á-f/-^^ -'/t| !**l{ 4
r-1 I

)

,)

)

2. Adults very small (male < 7mm; female < Bmm); antenna L rather longer than antenna
2; body colour pale siate-blue to greenish grey; no well defined orange patches on
hinder pleon segments (at most: diffuse patches of pink); eggs dark green when newly
laid, embryos bright orange; marine littoral HWN-LWN in areas of freshwater
influence. stoerensis

Adults small (male < 14mm; female < lLmm); antenna 2 nearly same length as antenna
1; antenna 2 flageilum resembles a worn-out bottle brush; body colour pale green often
suffused with tinges of brown, pink or blue; irregular bright orange patclles on sides of
all pleon segments usually present, often with small orange spots at base of peraeopods
5-7; male uropod 3 has outer ramus inner margin with long setae; eggs very dark,
almost black, when newly laid changing to dull yellow as embryos develop; marine
littoral, under stones from HWN to MTL ...... pirloti

3. Uropod 3 rami markedly inequal; no orange patches on pleon.. 4.

Uropod 3 rami subequal; orange patches on pleon present or not. 7

4. Uropod 3, inner ramus appreciable length (40% of. outer); uropod 3 outer ramus lacking
2nd article; peraeopods 5 - 7 bases hind angle clearly free ......... 5.

These features not combined 6.



5. Body colour uniformly pale brown or yellowish; epimeron 3 slightiy acute; uropod 3,
outer ramus setal tufts noticeably fan-shaped; marine littoral, MTL in rock pools, under
stones (often with obtusøtus,but usually scarcer) t'inmnrchicus

6 Body form sleek; body colour pale brown to olive green, often with distinct purple or
pinkish tinge; eggs deep purple when newly laid, becoming yellow / orange, epimeron
3 obtuse .. \ ; male uropod 3 outer ramus not setose all round.; marine littoral, MTL

-) 
' L 

to MLWN obtusatus

Body heavier built; body colour dark blue / green, sometimes suffused with reddish or
yellowish brown, tends always to be darker in appearance than other species; egg colour
dark brownish when newiy laid, becoming dull yellow; epimeron 3 shape distinctly
acute t ; male uropod.3 outer ramus setose all round; marine ljttoral MLWN\\ 

i';il iiÅi,i¡:i,¡K'tü.rngrandJ

)

7. From fully marine habitats ................... 8

From brackish water habitats, or ones with some degree of freshwater influence ........ 9

B. Urosome segments 1-3 with very prominent, angular dorsal humps; epimeron 3
posterior margin with rank of short setules; head distinctiy shorter than peraeon
segments 1 and 2 together; body colour greenish yellow with orange patches lateraily;
at low water mark, often swimming in swarms at the tide edge.. locusta

Urosome 1-3 dorsai humps rounded; epimeron 3 posterior margin with 1-2 setae only;
body colour uniform grey, yellow or greenish brown (often darker in female); coastal,
MTL to shallow sublittoral ............... ...............¡.. oceanicus

9. Antenna 1, peduncle segment 1 ventral margin without dense tufts of setae; Antenna
2 sinus deep; telson lobes with setae plus 4 a.pical spines lmay need a bit of careful
orientation to see with a stereo mic, see O.K with compound mic: generally arrayed like
sun's rays] ......

Antenna 1, peduncle segment L, ventral margin with dense groups of setae; Antenna 2
sinus slighç telson lobes with setae plus 2 or 3 apical spines 11.

10. Peraeopods densely setiferous; uropod 3, boih rami margins extremely densely setose,
inner marginal setae plumose; male antenna 2 flagellum extremely setose; body coiour
green-brown, peraeon and pleon segments with lateral orange patches; eggs purplish
brown when newly laid becoming cream in later siages; in freshwater trickles and

10

brackish pools on edge of

r,\ ,, 
[.note:2

u-\t ¿Y,ì7
n/-*/

rocky shores duebeni.

)

subspp exist, G.duebeni duebeni and G.d.celticus - the latter
lives in freshwater in Irelandl

d. ¡'r''' L r¿\*vf È\u2
.\

Vt ô-*j. L^
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11. Antenna 2, peraeopods, urosome dorsal humps and teison with numerous long setae;
telson lobes with 2 - 3 spines in apical group; body colour light greyish green or yellow
with darker transverse markings, often with red spots on lateral pleosome segments;
prefers aery low saiinities in estuaries, often reaching limits of tidal influence ......

znddnchi

Antenna 2, peraeopods, urosome dorsal humps and telson with few shorter setae; telson
with 3 spines in apical group; body colour pale brownish or greenibh brown, partially
transparent with slight transverse banding; some have red laterai markings on pieon;
egg colour purplish, going pinkish with age;iess tolerant of. aery low salinities than
zaddachi, therefore more seawards in distribution in estuaries salinus

Some final notes on other gammarid spp.

G.chetsreuxl: NOT RECORDED FROM SCOTLAND. A brackish water species characterised
in the male by the festoons of curly setae (on antennae, maxilliped, gnathopods
1. &.2, peraeopods 3 & 4) - these curled setae absent from females and young
males.

G.tigrinus: TO MY KNOWLEDGE NOT RECORDED FROM SCOTLAND, but currently
undergoing a distributional expansion through English FRESHWATERS. Male
also has curiy setae on antenna 2 and peraeopods.

G.pulex and G.lacustris: are both FRESFIWATER spp which can be found in Scotland. Note
they have non reniform eyes (cf spp. keyed above), ie. rounded or weakly oval.
G.lacustris usually in lakes(ie. not running water, except immediate lake outflow):
G.pulex in running streams.

G.insensibihs: NOT RECORDED FROM SCOTLAND, present in Engiish Channel and outer
Thames estuary. Would key out as locusta on above key (or pc,ssibly as salinus
since it will tolerate dilution of seawater - Iives in coastal lagoons). From locusta
it may be distinguished by having no rank of epimeron 3 posterior marginal setae
(1 only) , and from salinus and locusta by the male having no caiceoli.

G.crínicornls: NOT RECORDED FROM SCOTLAND. Would key out as oceanicus on above
k.y. Compared wíth oceatúcus, however, it has longer, curled setae on male
antenna 2 and no setae in telson apical spine group).
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Notes on Bathyporeia

ALWAYS CONSIDER THE POSSIBILITY THAT PLEON 4 DORSAL SPINES AND SETAE
CAN GET BROKEN OFF

)

ì

ALSO

TAKE CARE WiTH B.EIEG,ANS

This is a oery aariable species I care needed in Lincoln't kty at couplet 4]. The number of
setae on antenna 1- peduncle article 1 can aary from 2 ta 5, The sh.ape of the peiluncle can
also aary ø lot, Can be utithout spines on urosome or zoith more iho, one þair.

With fresh material, body colour is a good character, as is egg coiour in ovigerous females.

The hardest feature of Lincoln's key to use in practice is the coxal plate corner.
Two alternative formal keys to ihe genus are inciuded below, togôther with a summary
table of. jízz features.

Suggest look first.at.the antenna 1 peduncie. Sharply pointed ones likely to be tenuipes or
pelagica. Bluni ended ones gracilis, elegans, guiltinmsonîair. B.gui¡iamsonianais charactårised
by the strong cusp on epimeron g rHouêH THIS IS LESS"NOTICEABLE in males.

I

^t,T
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Bathyporeia keY from H
\o

à
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7. Adults small (<3.5mm). Epimeral plate 3 with onlY

a single group ot spines just above ventral margin
BathYPoreia nsnt

Adults larger. Epimeral plate 3 w¡th more than one

avward & Ryland (1990)'b.4*[ ç,*lf*r-, \ u'$
4{*^r-t L\ -r)r+ÞJ (¿r^^o\
cr*V^.".-la 

-'ì

\ *id
i\.

I
group of spines just above ventral margin

8. Epimeral plate 3, in adult female and j

with a well-developed tooth at poste
uvenile male'

rio-ventral

':'1"?
'.v:71

-,i;

corner. Adult male with tooth reduced' may be indi-

cated only bY uneven border

Epimeral plate 3 evenly rounded ai posterio-ventral

corner

I

10

g. Ep¡meral plate 3 with well-developed tooth at post-

erio-ventral corner' extending beyond vertical

iargin of posterior border (reduced in males)'

¡n,*n. 1 peduncle article 1 with more or less

rounded tip; coxae 2 and 3 with tooth at posterio-

ventral corner athyporeia guilliamsoniana

Epimeral plate 3 with small tooth almost at posterio-

vàntral corner, not extend¡ng beyond vertical margin

of posterior boider (reduced in males)' Antenna 1

peOuncte article 1 with angular tip and more or less

vertical anterior border; coxae 2 and 3 without tooth

on Po.,"rio-uentral corngr

l0.Antennalpedunclearticlelwithsharplyangulartip;
coxae 2 and 3 with well-developed tooth at posterio-

ventral corner Balhyporeia lenuipes

Antenna 1 peduncle article 1 with rounded tip; coxae

2 and 3 with small tooth on posterio-ventral corner
BaIhYPoreia elegans

Antenna 1 peduncle article 1 with round' narrow tip'

ipimerat plate 3 with not more than three groups of

spines iust above ventral border Bathyporeia pilosa

Antenna 1 peduncle article 1 with semi-rounded'

broad tip. Adult epimeral plate 3 with four to six

groups of spines just above ventral margin
BathYPoreia sarsi

11
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230 ANDRÉ TOUL]TOND (tr(.b)

pode du gnathopode I, presque exactement ovale chez B. pelagica, ä

bord pahnaire subrectiiigne chez B, nana; sur le nombre des groupes

d'épines situés près du bord ventral de Ia troisième plaque épimérale

(deux à cinq groupes chez B. petagíca, un seul chez B. nanc); enfin,

sur le nombre des soies plumeuses portées par le bord interne de

I'uropode 3 du mâle (11 soies chez B. nana,76 à.20 chez B. pelagica).

IV. - DIAGNOSE

Bathgporeía de 2,8 à 3 millimètres de long, verdâtre translucide, yeux fouge

vif se décolorant dans I'alcool. Premier segment de I'urosome avec 1 paire de

soies dirigées vers I'avant et 1 paire d'épines dirigées vers I'arrière. Segment basal

de I'antennuie avec une soie plumeuse unique à Ia partie proximale du bord

ventral. Apex du segment basal de I'antennule arrondi. Première, deuxième et

troisième plaques ct¡xales sans dent à I'angle postérieur. Propode du premier

gnathopode à bord palmaire subrectiligne. lléropodite du troisième péréiopode

portant à son bord postérieur 2 soies simples et une soie plumeuse. Troisième

ptaque épimérale à bord ventro-postérieur arrondi chez le mâle adulte, Iégère-

ment anguleu.,< chez le mâle jeune. chez Ia femelle, troisième plaque épimérale

à angle postérieur portant une dent, aiguë chez les individus jeunes, émoussée et

réduite chez les individus adultes. Dans les deux sexes, un seul groupe de 2 à 4

épines près du bord ventral de la troisième plaque épiméraie.

La découverte de Bathgporeía. nana nous donne I'occasion de co¡n-

pléter et de mettre à jour la clef élaborée par'Wlrxlx en 1938..{.ux

7 espèces tetenues par cet auteur, nous ajoutons B. megalops Chevreux,

omise par 'We.rxrx, et B. quoddgensis, décrite par ScUoTMAKER en

1 949.

1.a. Premier sçgment de I'urosome portant des épines diri-
gées vers I'arrière et des soies dirigées vers I'avant ....

b. Premier segment de I'urosome ne portant que des soies

dirigées vers I'avant

2.4. Seconde et troisième plaques coxales sans dent à I'an-
gle postérieur

b. Seconde et t¡oisième plaques coxales avec uDe dent à

I'angle postérieur

3.4. Premier segment de I'urosome portant, en plus des soies

dirigées vers I'avant, plusieurs paires d'épines dirigées
vers I'arrière

t

o

â

b

quoddgensis (1)

Scr¡on¡r¡x¡n, 1949

J
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b. Premier segment de I'urosome Portånt, en plus des

soies dirigées vers I'avant' une seule paire d'épines di-

rigées vers l'arrière

4.a. Troisième plaque épimérale avec, à I'angle postérieur'

une deut nette chez la femeile, réduite chez le mâle, et

portant, près du bord ventral, deux à cinq groupes

d'épines. Apex de l'article basal de I'antennule angu-

leux. Longueur miuimum : 5 rr¡m

b. Troisième plaque épimérale avec, à I'angle postérieur'

une dent nette chez la femelle jeune, réduite chez la

femelle adulte, absente chez Ie mâIe, et portant, près du

bord ventral, un seul groupe d'épines' 'lpex de I'article
basai de I'antennule arrondi' Longueur maximum :

3mm.
5.a. Troisième plaque épimérale avec, dans les deux sexes'

une dent bien déveioppée à I'angle postérieur

b. Troisième plaque épimérale sans denl à I'angle posté- 
.

rieur, à bord inféro-postérieur régulièremeut arroudi ' '

6.a. .{pex de I'article basal de I'antennule dessinant un

angle aigu

b, Apex de I'article basal de Ì'antennule régulièrement'

arrondi

7.a. Premier segment de I'urosome portant, en plus des soies

dirigées vers I'avant, plusieurs paires d'épines dirigées

vers I'arrière. Seconde et troisième plaques coxales avec

une dent bien développée à I'angle póstérieur

b, Premier segment de I'urosome portant, en plus des soies

dirigées vers I'avant, une seule paire d'épines dirigées

vers I'arrière

8.a. Àrticle ischial du péréiopode ó présentant un prolonge-

ment dentilorme aigu. Seconde et troisième plaques co-

xales avec une dent bien développée à i'angle postérieur'

b. Å¡ticle ischial du péréiopode ó sans prolongement den-

tiforme aigu. Seconde et troisième plaques coxales avec

une dent réduite à I'angle postérieur

9.a, Troisième plaque épimérale ne portant Pâs, près du

bord ventrai, plus de trois groupes d'épiues' Apex de

l'article basal de I'antennule arrondi et étroit

b. Troisième plaque épimérale portant, près du bord ven-

tral, de quatre à six groupes d'épines' Apex de I'article
basal de I'antennule arrondi mais large

231

4

pelagìca
B¡re, 1862

nanc n. sp.

guilliamsoniana
(B¡re), 1857

õ

tenuípes (2)

ù{erxanr, 1877

gracilís
Srns,1891

megalops (3)

C¡¡nvneux,1910

elegans
lV¿rxrx, 1938

pilosa
LlxosrnØ¡t, 18ó5

sc¡'s¡
W;rrxIx, 1938

)

)elagíca, à.

)s grouPes

-ipimérale
rå); enfrn,
interne de

pelagíca).

, :¡eut rouge
: 1 paire de
jment basal
ale du bo¡d
deux,ième et
du premier

e péréiopode
;e. Troisième
';lte, légère-
ú! épimérale

émoussée et

upede2à4

^n de com-
)1988. ao*
s Cheweux,
)EMÀKER EN

I

8

._)

.l

CAensis (1)

srr,\xen, 1949

-_)

(1) La femelle seule est connue.
(2) D'après Wrrx¡xJ."ïoil."-ãl"s de .cette.es.pèce possèdent',::t t" premier

segmentde.l'urosome,plusieurspairesd'épinesdirigéesversl'arr¡ere.
(3) Le måle seul est connu.
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JIZZ features in BATHYPORETA

)

.-)

)

)

.l

SPECIES Tidal level Egg
colour

Body colour Eye
coiour

Male
A2
flug'

Bo
dy
síz
e

B.elegans MLWN to
sublitt.

yellow/
orange

transiucent, no
red

?

body
5-
6

B.guilliamsonia
na

MLWN &
below, but
commonest in
shallow
sublitt.

yellowish translucent, no
red

bright
red body

I

B.nana MLWS to
sublitt.

blue translucent pale
green

bright
red

2x
body

J

6
B.pelngica

B.pilosa

above MTL to
sublitt.

blue much red on
peraeon &
pleon

dark
red body

MI-IWN
downwards,
usually the
highest sp.

blue traces of red on
pleon

dark
red

7/2 -
2/3
body

6

B,sarsi MHWN
downwards

biue translucent
white, flushed
yell./green in
middle

vermil
ion

< 7/2
body

7

6
B.tenuipes sublitt. only ? ? ?

body
B.grøcilis sublitt. only ? ? ? ? 6

J
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Re female Aoridae. the differences are subtle and qualitative in the main. so that
keys even to regional taxa are not really useabie by the inexperienced. However, as
long as they are complete and in fresh condition, the foilowing may be useful. in these
islands:.

At generic level, the maxilliped wings distinguish Ìrliuodeuopus and Lembos
from Autonoe and Aora.

In MicrodeutopLts, lul. anomnh,ts Ìd. cheliþr and Ìvl. stationis have a
multiarticuiate accessory flagellum whereas M. grvllotalpa and M. versiculants have
one long and one rudimentary article. These latter two species of course also share a
novel slender and setose G2 of which that of lul. versiculatus is much the more
extreme. luÍ. stationis differs from lul. anomahts and þ1. chelifer in the smoothly round
palm of G1 and the presence of spines (as opposed to setae) on the telson. rVI
anomalus and M. chelifer females are practically indistinguishable except in pattern
when you happen to have the two together!

Lembos is represented by L. websteri only, and this has a different "gimp" and
pattern from the others, plus a 1+ accessory flagellum (like M. grylloptalpaanð M.
versiculatus from which it is obviously different).

There is only one coÍìnìon Autonoe and one common Aora so they should not
give problems, bearing in mind the characteristic pattern of A. gracilis. Othe¡ rarer
Autonoe and A. spinicornis can of course cause problems!

That's it for rvhat it is worth!

J
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Corophium d Head (dorsal view) I

1:
r
¡.
['
l:.

p

)

1. Corophium volutator 
- Z. Corophium simite 3. Corophium insidiosumphium crassicorne s. CoraphiuÃ ,;;"r;;:;;;* 6. corophium tubetcuratum7. Corophium lacustte a. òoropniun-";;i;;"

4. Coro
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Corophium I Head (dorsal view)

a' CorophÌum volutator b, Cotoph¡um bonelli c, Corophium insidiosum d. Coro-
phium crassicorne e, Corophium acherusicum L Corophium tuberculatum
g' Corophium /acusl¡e h, Corophium acutum
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t 4. Coto-
lum

Corophíum I Head (dorsal view)

a. Corophium volutatot b. Corophium bonelti c. Corophium insidiosum
phium crassicarne e. Corophium acherusicum L Corophium tuberculatum
9, Corophium /acuslre h. Corophiumacutum

)

d. Coro-



280 COROPHIIDAE

a

/\ì

PLATE LXVIII
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h

a. Corophium volutator
phium crassicorne e.
g, Corophium lacustre

Corophium Urosome (dorsal view)

b. Corophium bonetli c. Corophiuminsldlosum d' Coro-

Corophíum acherusicum l. Corophiumtuberculatum
h. Corophium acutum



TabIe I . L'irc nlrj or rJ i:r'r¡tr; tic cli;¡'actcr:, <,f C. \'úlut¡ltor

arld C. arcnarium 'f c<o*t-* 
o.-.. kl'\

ì{'),f
g._tTJ.l

U^JJ'*'
¡{,ruUS /+ q

Diagrro.stic
Cir¿.r¡'actcr

First ¡reclurrcu Iar
scgnent of
¿rlrt ennuÌe

C0nCPllIUì'i V0LUTi\TOR

Fcnalc

CORO¡)ll I Ul'l ¡liL:NirilIUþí

Ircrrale lia Ie

Inncr nargirt slightlY
crenul"atc (l¡ig.2lr)
Ventr¿rI orargin stron6lY
conc¿rve with 2, rir-relY 1,
incons¡ricuous spines
(itig. le)X\

Ir¡ncr nrargin trealilY
crcnul-ate (Fig. l").
Ventral nTargin uealilY
crenul¿rte r''ith 2, rareIY
3, proorinent o¡lines
(ris. 1a)

Iiale

Inner margin stronglY
crenul¿rte (ni.g. lb).
Ventral mar¡1in stronglY
crcnulate with 2, rare).Y
i, inconc¡licuous sPincs
(nis. 1b)

^t

Lr¡ncr crar6in not
cre¡rulatc ( Rig. 2a)
Vcntral cnar6in concave
wlth 2t r&¡el)'I,
proorinent spines
( t'irj. ld)

c.-rþJ -,iA tÞur-Ud¿

:kå =;A
r .--l\--t-
u^^¿1

).P*K

^L\^t?4 LI ^_/\v ",,,tlu
Y-

Inner ventro-lateral
margin with L large
dist ¡rI a¡rd acute
process (nig. la) or
ralely J. epinc (fig.
tc). Inner lateral
margin without a
dist al. process .

Inner vcntro-Iateral
rnargin with I large
distal and acute
proce6s. Inner IateraL
rcargin rrith I distal
proces6 ( nig. l-b )

Inner ventro-IateraI
margin l¡eset rvith Ì
dist¿rI spine novcr a

procc.ss (Fig. 2a) .

Inner or;r.rgin ha-s I
spine midwaY along
l-engtn (lnig. lf)

Inner ventro-latcreì
mar6;in with L Long
distal a¡cl ¿rcutc proccss
( irlg. 2b) Inner margin
vrithout spincs (Fig.2l-,) .

Fifth peduncular
segmcnt of
ant ennae

k.-

vith a single
4a).

Outer etlge of basis
rorr of spines (li'ig.

First uropod
both scxce

Otrtcr edgc of ì-r

row of spines r'
by a sin5lc row

asis r"ith double
eplaccd proximallY
of sctae (Fig. 4b)
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i'iõ. la. DorsaI vie"i rlf cephrrLon (c) of an ;'rclult f etnale C.volutator

B.Onm in bociy len¡ltir (measurc,l frorn the anterior ed¡;e o1'the

:.ostrrrm to the posterior n;rrgin of the tclson), showing small rneCian

*.riengular rostrurn (r) ancì lr-teral e;¡es (o). Inner rnargin of the

f irst ped.uncular seg*cnt ( p f ) -of lntenr.uì-e ( a) :.s ',re:rkly crenulatc

and bc¿trs a sin¡;l c inconspicuous proxitnal s¡line. Inner ventro-

l-¿tcral morgin oi f if th ped.urcular segt*ent ( p. 5 ) of antenna ( an)

bears a lerge d.istal a¡d acute process;

!'ig. Ib. Dorsal vietv of cephalon ( c ) of ad.ult ma.Ie C. volut¡rtor

8. Omm in bociy lelrgtli, shor.iing snlal I median tri-angular rostrum ( r )

and lateral cyes (o). Inner rn.rgin of the first peduncular seg-

nre¡rt (p f) of antcnnule (a) is strongly crenulate ¿rnd- there is no

proximal spine. Inner ventro-l:rteral margin of \he fifth ped-

*ncular segment (p 5) of antenna (an) bears a large distal and

acute process;

l.ig. l.c. I¡ifttr i>cd.uncular segrnent (p 5) of antenna (an) of adult

fenr¿rle C. volrttator shor'ting a sinlile spine on the inner ventro-

')

')

.J

J

J

)

._)

J

lateral margin i¡rstead. of a l¡rrge d.ist¿rl e'nd acute process'
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t¡ig. 2a. Dorsal viet.¡ of cephalon (c) of ad.ult fenale C.arenarium

l.lrnrn in boCy lcn:;th, shovring snall medi¿r.n triangullrr rostrum (r)
and lateral eyes (o). Inner nargin of the first ped.u::cular seg-
nrent (p f ) of antennule (.) is not crenulate ¡.nd. bears a snall
proxinal spine. f nner ventro-l¿rteral mar¡1in o1' f ifth neclr-rncuLar

segnent (p 5) of antenna (an) bea.rs a sin,gle d.istal- spine and. a

sin¡lle spine miciuay along its len,3th;

I¡ig. 2b. !orsal vier.r or'ce¡liralon (c) of ad.ult nale C.are:l¿r.rirun

5.3nrnr in body )-eugth, shorring smaLl med.iah triangular rostrum (r)
and ]¡rterar eyes (o). rnner niar¿in of the f irst ped.uncular serS-

ment ( p f ) of antc:rnule ( a) is sligirtly crenulate a¡rd. bears a siÌ¡¿rll

proxirnal spine. lnner ventro-1¿teral urargin of fifth peduncuJ-ar

segnient (p 5) of antenna (an) bec-rs a long d.istal and. acute process
and. tÌrere is no inectian spine.
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l"ig. -lr-. rnner r:rLer'¡rr vier"'of thc antennule of a.n ad.urt fenele
C. vol-utator , 'l . Jrrrm in body len¡;th, shorvirig vcntral margin of f irst
ped'.rncrrrar scgncnt (p 1) r,:eal-Iy crenulate r,¡ith tr,ro promincr:t s;rines.

rig. 3b. rnncr latcral vicr.¡ of the a:rtennule of an ad.ult rnare

C.volutrtor l.lnn in body lengitr, slrovring ventral merrgin of the
first nedwtcular segm,ent strongly crenulate uith tr.¡o inconspicuous
s¡rines.

irig. ic. Inner late:'al I'iet* oi' the antenna of an aclult fen¡-Ie

shovrin,g a large distal and" acute
nargin of the fifth ned.uncular

C. volutetor , 'f .)rnrn in bod;r lcng'tir,
pi'ocess on the inncr ventro-Ia.beral
seg;re:ris (p 5).

l¡ig. 3cl. ïnner l:,.te¡.al vier.; of thc ¿ntennule of an aclult ferrale
mar¡1in of the

spines.

C. are:tariu¡n , 5.!i;rrn in body len¿ybh, shoviing ventral
fj-rst peduncular segment concave -"¡ith trvo prominent)

)

J

J

I.'ig. 3e. Inner I¿rteral vien of the antennule of an arlult male

gth, sirowing ventral margi.n of the fjrst
two inconspicuous spines.

C. e¡enariu¡n r 5 . 5rnin in bo d.y l err

pedunculârr segm€Ìtt concave with

I¡ig- 3r. rnncr Lateral vier.,' of ilre antenna of a¡ aclurt fomal-c
C. aren;'.rium ).lriun in bocly len¿1th, shor.ring a single clis-bal spine
and' a single rneCian spine on tire in:icr margin of the fifth peciuncular
seginetr'l (p 5). llote also ar. single meclian }ater¿rl suinc on the sixilr,
peCuncular segment.

J

Fig. 3a - f. Bar 0. )rnrn
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'lli a
^ ¡t) volutíì.tor clorsal vicr.¡ of the f irst, scconcl ¡,.nci thj.rd
r:.ronoils, atta.cired. to tiie postero-lateraL portions of plcon cegnents

4 - 6, ¿rnd tire teLion, attacÌred to pleon segment 6. Thc first uropoC

(Uf) has a sin¡3l.c rovr of spines on the outer ccÌge of t)ie basis in
both !:exes.

Fie.4b. C. arenariurn : d.orsal viel of the first, second. and. thircl
u.ropocls, attaclred to the poctero-Iateral portions of pleon segrnents

6t and. the telson, oitached. to pleon segr:rent 6. 'I'he fj.rst uropod

) has a double ror¡ of spines rellarcecì. proximalLy by a single rovr

of setae in both sexes.
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Family ISAEIDAE

ni:¡gnosis : Body smooth. Coxae usually deep, rarely shallow, often ventrally setose ;.coxae 2-5 often

;;i;;;' coxa 4îor excavate behind; cóxa 5-with deep anterior lobe. Rostrum generally absent; head

ffi;Ily recessed at inserrion of A2 ; eye lobes olten extended, sometimes bearing eyes on proxima-l or

åìrìo-f-ór¡on. Anrennae subequal in length or A2 longer; antennae elong.ate, siender, ¡rimary flagellum

äiiàî trtorr.r than peduncles, frèquently sètose ; A2 never sexually d-imorphic, accessory flagellum v-ari-aþle'

il;ñ venrral mìrgin weakly èxcavâte or notched, epistome often strongly p-roduced, acute. Labium

iit'6- áirtin.t inner loães, mandibular processes never aitenuated. Mandible molar strong ; palp slender,

i-iril.ufu,., arricle 3 generaily spatulaie, terminally setose. Mxl inner plate small with l. to several.apical

i,,,à, o""r'plate geneîally wiih i0 spines, palp large. Mx2 with inner and outer.plates weil.developed. \fx¡
"roi.i 

ttronÅ. Gnã subchélate, s.*ually dimorphic, always enlarged in male and generaliy larger than Gnl.
Þt-i-Uàsis risually nor expanded ; dactyli with gland ducts. P5-7 elongate; P7 slightly.-longer than P6.

ÞËopã¿ pedunciés notmul. U1-2 slendér; U1 pèdunci_e rarely.with distoventral spine-like process, rami

nineiatlv^suUequal. U3 sometimes projecting béyond U1-2, peduncle often elongate, inner ramus tending

iì- ..¿uótion, iometimes absent ; ierminal-spines of rami simple. Telson short, thick, fleshy, entire,

,árn.ti*.r with dorsolateral crests. Coxal branchiae sac-like on pereon segs 2-6. Oostegites large, laminar,

smallest on seg 5.

Twr GeNus: Isaea Milne Edwards, 1830

:'
r{
. ¡'.

.i--'.:

1.

',

;
4.

:

KEY TO GENERA

U3 inner ramus very reduced or wanting
U3 inner ramus > t/2 length ol outer
Accessory flageiium well developed, Al art 3< I ....
Accessory fìagellum absent or scale-like. Al art 3> I
Coxae 1-2 deeper than broad
Coxae l-2 broader than deep
P3-7 widened distaily (prehensile)
P3-7 not widened distally
lvfd palp art 3 < 2, accessory flagellum composed of one long and one rudimentary
Md þaIþ art 3 = 2, accessory flagellum variable or absent, but never as above . .

.... ... . 2
¿.

........3
.... Photis

, . . Microprotopus
..... Cheiriphotis

..... Isaea
\

art Megamphopus
.... Gammøropsis

Genus CHEIRIP HOIIS'Walker

Cheiríphotís WALrER, 1904, p. 283

Diagnosis : Head with lateral lobes moderately produced, subocular cephalic margin moderately recessed ;

Alãrt I longer than art 3, accessory flage[úm well developed;coxae 1-4 of varying sizes and shapes;
gnathopods Jub"h"lot., 6 Gn2 carpús veitigial or absent; U3 peduncie piate-like, outer ramus equal to
or shorter than peduncle, inner ramus vestigial or absent.

Tvpp Speclrs: Melitø megøcheles Giles, 1885

ìvtémoires de I'lnsüru ocëanographique, Monaco, n" 13 (1989) 395
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KEY TO NORTH-EASTERN ATLANTI C AMPELISCA 67r
* Spines on ramus of uropod 2

typel:fewspines
type 2: ourer ramus with a long subterminal spine
type 3: long marginal spines, increasing in length distally
rype 4: numerous short spines

* Inne¡ ramus of uropod 3
type I : ramus foliaceous
type 2: ramus bidenrare
type 3: ramus denticula¡e or serrulate

*Dorsal'surface of the teison
type I : rvithour setae or spines
type 2: wirh serae
type 3: with spines

ex: A.
exi A.
ex: A.
ex: L

breuicornis (Fig. 5.8)
mauocephala (Fig. 5.9)
jaffaensis (Fig. 5.10)
multispinosa (Fig. 5. 1 l),l

(Fí9. 2.1)

t J. ).))

(Fig. 2.5)

. -)rl
Fig. 4.2)

Ë'io d. ?ì

. l.+)

, )<l
a (Fig. 4.6)

4.7)

tiv. 3.7)
). r)

ig. 3.9)
;. 3.10)
,.lt)
t.3.t2)

)
Fig.3.13)

:ig. 3.14)

r-ì.2.1)

'. 
I )

. 5.2)
5.3)
:ig. 5.4)

ex; 4. spinipes (Fig. 5.12)
ex: A. bidentara (Fig. 5.13)
ex: A. lusitanica (Fig.5.14)

spinipes (Fig. 5.15)
brevicornis (Fig. 5.16)
toulemonti (Fig. 5.lZ)

ex: A.
ex: A.
ex: A.

. 5.5)
¡5)

ig. 5.7)

KEY TO NORTH-EASTERN ATLANTI C AMPELI.SCI FEMALES
l. Dorsal sucker-like strucrure on pleon segmenr I (Fig.3.6) A. remora1. ìüirhour dorsal sucker-like structur. or, þ1.o., segmenr I . z2. Virhout corneal lenses 

32. \X/irh corneal lenses l0
?. !J, w.irh a large posrerior lobe on merus (Fig. 4.3)
3. PT.wirhour large posterior lobe on merus |plg.2.Z) . 44. Epimeral piate 3 with a tooch (Fig. 3.ll) . 54. Epimeral plate 3 withour toorh. 

75. Uropod 2 rami wirh a lo.ng subrerminal spine (Fig. 5.9) A. odontoplax5. Uropod 2 rami wirhout long_subterminalìpine . 66' Uropod 2, rarni with many short spines, telson dorsal surface inermous A. compacta6. uropod 2, rami wirh few short spines, telson dorsal surface *i.¡ ,plrr., A. o-ityii,7. P7 basis, margin distaily €xcavar¿ (Fig. a.6)
7. P7 basis, margin rounded. j . . 

-:---'ã
8. P7 carpus > ischium+merus A, abyssicola8. P7 carpus < ischium*merus 

99. A I length > head+3 anterior segmenrs of pereon A. pusilla9. A I lengch < head+3 anterior segments of pereon A, anophthalma10. 2 corneal lenses ll10. 4 corneal lenses 
13

ll. lj, merus with large posterior lobe (Fig. 4.3) . A. uncinata(in part)
11 ll, merus.wirhout posterior lobe (Fig. ã.2). n12. P7, propodus and dactylus posteriori',u.gitr finely serose, epimeral plate 2 with atooth. A. ctenopusL2. P7' propodus and dacrylus posrerior margin not finely setose, epimeral plare 2rounded A. monoculataL3. P7' basis outer surface with numerous spines, urosome r with a peak-ended keel(Figs. 4.7; 5.ó) . A. spiniferL3, P7, basis outer surface without spines, urosome I different 1414' Blors of black pigment behind.orn."ilenses; Pz, ischiai-ià dactylus cylindrical (Fig.,. L, . A. rubella14. Head without blots of black pigment, p7 different 1515. P7 merus with a large port"rioi lobe (Fig. 4.3). 1615. P7 merus wi¡hout large posterior lobe çfig. Z.Z1 2016, Head with gnrero-superior and anrero-inferior margins parallel (Fig.3.Z) L716. Head wirh anrerior margins not parailel 19l7' Epimeral pla¡e 3, po^sterior -atgì., sinuous, posrerior distal angle with a small or mod-erare roorh (Fig. 3.12) : t8

J
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17. Epimeral plate 3, posterior margin bisinuous, postero-distal angle rvith a large tooth
(Fig. 3.13) A' breoicornis

18. Urosome seg. I with a cockscomb dorsal keel (Fig. 5.5) i A' spoonerí

18. Urosome seg. I wirh a pronounced anguiar keel (Fig, 5.3) A. senegalensis*

19. Urosome seg. I rvirh high carina dorsally bisinuate rvith the end slightly turned up; epi-
meral plate 2 infero-posterior corner with a small toorh (Fig. 2.3) A. aeraecei

19. Urosome seg. I with a pronounced angular keel; epimeral plate 2, infero-posterior
corner round (Figs. 5.3, 3.7) A. gibba

20. Head, anterior half narrorv (Fig. 3.3) 2l
20. Head different 22

2I. A 2 shorter than body length; P,-u, dactylus : carpus+propodus A. sarsi

21.. A., more longer than body length; P.,-.,, dactylus > carpus+propodus ,4- pseudc,sarsí

22. Head broad, anterior edge truncate (Fig. 3.a) 23

22. Head different 25

23. Head rvith anrero-superior corner acute; P7, merus prolonged anteriorly in peg-
shape covering a pârt of carpus (Fig. a.2). A. truncata

23. Head wirh antero-superior corner quadrate, P7, merus not prolonged in peg-shape. 24

24. A" < body length; rvithouc distinguished carina (Fig. 5.7) A. latifrons
21. A.r: body length; carina high and rounded (Fig. 5.2) A. provincialis
25. Uropode 3, inner ramus den¡iculate or serrulate (Figs.5.13 and 14) 26

25. Uropode 3, inner ramus not denticulate or serrula[e 29

26. P7, merus not prolonged anreriorly in peg-shape A. serraticaudata
26. P7, merus prolonged anteriorly in large peg-shape (Fig. a.2) 27

27. Uropode 3, inner ramus truncate and biden¡ate (Fig. 5'13) A. bidentata
27. Uropode 3, inner ramus tapered (Fig. 5.la) 28

28. Ar subegal to A" A. tutidentata
28. Ar shorter than A" A- lusitanica
29. Uropode 2 bearing long spine(s) (Fig. 5.10) 30

29. Uropode 2 bearing only short spines 32

30. Epimeral 3, postero-margin straight) postero-distal angle withour tooth (Fig. 2.4)
A. jaffaensis

30. Epimeral 3, posrero-margin bisinuate, postero-distal angie rvith a large tooth (Fig.
3.13). 3l

31. Uropode 2, ourer ramus rvith long marginal spines increasing in length distally; P7,
carpus anterior margin notched (Fig. 5.i0) A. eschrichtii

31. Uropode 2, outer ramus with single long subterminal spine; P7, carpus anterior
margin rounded (Fig. 5.9) A. mauocephala

32. Uropode 2 fringed with numerous smail spines (Fig. 5.11) 33

32. Uropode 2 rvith few smali spines 39

33. A" longer than body length . 34
33. A, shorter than body length 36

34. IJrosome I rvirh high carina dorsally bisinuate. Uropode 2 rami fringed regularly on
both sides by rows of small spines (Fig. 5.11) . A. multispinosa

34. Urosome I rvith small ¡ounded carina. Uropode 2rami not regularly fringed rvith
small spines 35

35. Ar shorter than A, peduncle A. ruffoi
35. Ar slightly longer than A, peduncle . A. pseudospinirnana

36. Ar shorter than A" peduncle. Head rvith antero-distal margin broadly round
A, tentticornis

36. Ar longer than A, peduncle. Head narrorvly truncated 37

37. At slightly longer than A, peduncle. Epimeral plate 3 rounded (Fig.3.9) A. diadetna
37. Ar longer rhan A" peduncle and equal to half length of 4,. Epimeral plate 3 quadrate

(Fie.z.Ð . 38

38. A" shorter than half length of body. Epirneral 2 postero-distal angle wi¡h a small
tooth (Fig. 2.3). A. arntoricana

r Some subspecies of .4. breaicorn¡s described by Schellenberg (1925) and Reid (195i) and not con6¡med
could be confused with this species.

I
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l. breuicornis

,4. spooneri
senegalensis*
i.i up; epi-'). uervecei
erior
. A. gibba

a1

22
, A. sarsi
. os¿z¿dosarsi

'??
25

KEY TO NORTH-EÀSTERN ATLANTI C AfuÍPELISCA 673

38. \ longer rhan half lengrh of body. Epimeral 2 postero-disral angle rounded
(Fig. 3.7) . A. spinipes

39. P,]_r dactylus shorrer than carpus*propodus 40
39. P,)-.r dactylus longer rhan carpus+propodus (Fig. 2.5) 43
40. Epimeral plate 2 postero-distal angle with a distinct toorh (Fig. 2.3) 4t
40. Epimeral plate 2 posrero-distal angie rounded (Fig. 3.7) . 42
41. Ar longer than 4". IJrosome seg. 1 without distinguished carina (Fig.5.7) A. antennara
41 l shorter than À". lJrosome seg. 1, with a small quadrare carina (Fig. 5.1) A. aerga
42. Urosome seg. 1 '"vith rather high dorsal carìna, posrerior edge overflowing. A, shorrer

than A, (Fig. 5.a) A. melitae
42. urosome seg. l with small carina. A, nearlv equal to A" (Fig.5.l) . A. aequicornis
43. Gnathopode I rvirh large spines on palm (Fie. 3.5) . - . 44
43. Gnarhopode 1 wirhout spine on palm 45
44. P7, merus produced anreriorly in peg-shape covering half part of carpus (Fig. a.2)

A. palmata
44. yJ, merus not produced A. spinimana
45. Urosome seg. I with prominenr carina (Figs. 5.3 and 4) . 46
45. Urosome seg, I rvith moderate carina 4g
46. Ar longer rhan half 4". Telson dorsal surface inermous. Epimeral plare 2 rounded

(Fig. 3.12) A. anomala
46. Ar shorrer rhan half 4". Telson dorsal surface with spines. Epimeral plate 2, pos¡ero_

diiral corner angle a smali rooth (Fig. 2.3) 47
47. urosome seg. I rvirh pronounced angular carina. A,shorrer rhan A" peduncle (Fig.

5,3) A. 4tpica47. urosome seg. I wich a raiser high dorsal carina, posterior edge overflorving. A,
slighcly longer rhan A" peduncle (Fig. 5.a) A'. toulemonti

48. Al equal to A" length 49
48. Ar shorter rhan A, 50
49. Ar and A" longer than body length. P7 merus prolonged anreriorly in peg-shape cover-

ing a part of carpus (Fig. a.2) . ¿. calypsonis
49. A1 and A, nearly equal ro body length. PZ merus wirhout lobe A. dalmatina
50. Epimeral 3, posrero-distal angle wirh a disrincr roorh. A" shorrer than half body

length (Fig. 3.il) A. hupJerí
!0. Epimeral 3, postero-distal angle wirhout roorh. Az longer than half body length 5l
!1. A, slightly equal to A, peduncle A. Iedoyeri
51. Ar longer than A, peduncie 52
52. Telson with setae on dorsal surface. Llrosome seg. 1 with a small rounded carina

(Fig' 2.1) . A. planierensis
52. Teison without setae on dorsai surface. lJrosome seg. I with a high rounded carina

(Fig. 5.2) . A. massiliensis

DISCUSSION
In an attempt to group the species of Ampelisca from our stud.y area, a cluster

analysis was performed using 5i morphoiogical characrers listed by Bellan-
santini & Dauvin (ig8z). Each characrer wâs defineci as 0, absence and 1,
presence. A similarity matrix was generated using the Sokal & Michener (1958)
coefficient. A phenogram was constructed using the inter-groups variance. An
index of apomorphy was calculated using only 40 characrers (Beilan-Santini &
Dauvin, 1987) with apomorphic characrer (I) and plesiomorphic character (0).

In analysing rhe phenogram (Fig. 6) it should be kept in mind that the
relâtionship shown in it reflect only the morphological resemblance of the species
and infe¡ence of phyletic relationship from it should be made lvirh caution

,4 truncata
hape. 24
.4. latifrons
protincialis

t6)' 
;é

'raticaudata
.27

,4, bidentata
)9.

. unidentata

'J\
,t. jaffaensís
trio

. 31

\usiranica
30

.32

D?
) , , ..

¿s¿nrlcntzzI

)r
Iacrocepha'a

55
39
34
36

rr..J on
multispinosa
vi¡h

35
. A. ruffoí
dospinimana
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Çr\"lu r$.øPS rt
KEY TO THE SPECIES

r. Coxa r toothed, epistome long rnd acure G.lobata
Coxa r smooth,. episcome shorr 2

z. Uroood 3 rami spiniform, lacking a rerminal clusrer of spines 3
Uropod 3 rami normal, rvirh a groop ol rerminal spines . .l

3. Anrenna t lacking accessory flagellum; ¡,'gnathopod r palm evenly rounded; Ç gnathopod
z propodus subovoid G, sophiae
Antenna r rvith:-3 arriculare accessory flageilum; ¡'gnathopod r palm sinuous; f gnarho-
pod z propodus narrow, anterior and posterior margins approximarely parallel G. palmara

4. Accessory flagellum r,vell developed; ¡i gnathopod z carpus large, only a lirrle shorrer
than propodus; Ç gnathopod z propodus, palm weakly excavated rvirh trvo prominences

G. maculata
Accessory flagellum absenc; ¡i gnathopod 2 carpus reduced less ¡han one-chird length of
propodus; Ç gnathopod z propodus palm with deep, flat-botromed excavation G.nitída

Iíev to lhe European species of Síphonoecetes Iirovel
I Rosiruru rreaklv devekrpecl. no¿ extendins be_r'ond eve-lobes l
- Rost¡um st,ronslv cìevelopecl. extenciins l:e1.ond e¡-e lobes 3
:l Eve absent. represented ar ntost bv pigrnenc s¡tots. . S. pallídus
- Flle presenc S, sabaierii
i.i L'r't¡prtl I i¡rner r¿rrnus ver* sle*cler. or.er three times ¿s lo.q ¿rs bro¿rd. s. rypicus
- L-ropod I inner ranrus less th¿rn three times as long as brorrd +
{ Uropod ? pedurrcle dis¡o-uenrral lumella minutelviml>riate S. dellayallei
- L;ropocl 2 pecluncle clisro-çencral l¿Ìmell¿ comb-to;rhecl õ
5 tÌropocl 2 irrner r¿¡r'rr¡s less th¿n lrvo thirds lenerh of ot¡ter. S. neopolítanusì
- L'ropod f i¡¡nel rulnr¡s nrore lh¡rn trvo thirds leìrsth of outer 6
li .{,ntenn¡r -l perlunr.le rrrticle 3 rrith i¡rner dorso-l¡rter¡rl piqmen¿ stripe.

L'ropocl I inner ¡amr¡s ¡na¡.ke<tlç slro¡.ter tha¡r ot¡ter r.trntrs ¿¡nt[ srçollelr nreclioproxirnallr..
t:ro pocl 3 pedun cle with nrt¡clc r¿r rål.r' lorìg se t¿ì,e ¿ncl bearin s tr srnull s pine less th¿n h ¿11' lencth 

-

of rimus 
- 

,S. s¡ria¡¿¡s

- An¡enna ! petluncle ¿rll¿rrticles pismen¿ed proximallr.. Iiropod I irrner ramr¡s sub.equal rrith or a
lit'tle shorter Èltan outer rarnus. onlv weaklv expanded meciio-proximally. Uropod 3 pecluncle
rvilh very long setae aticl bearing ¿r sirong spine. one half or more length of ramu;r, 

uror,nron*

2

I

KEY To THE sPEcIEs P ,nf lSPereopods 3-it propodus tl?.g3,:, slender, about rwice lengrh.ofcarpus; ocular lobes elongate,eve situated enrirerv in ocurar-robe; "i"'p"'aïi-,,r,rii-"td'i#;;,i;' p. longícaudaraPereopods 3-.¡ p.ooodus shorr, s,o,.,t,'oJy ,rigrr,iy ro,r*;;'å#':lirus, ocurar lobes onrvmoderarety produced, .y_.,,r_ïil,:d ;;.; ;;åy";;o."1". roïå; îi;;"ä,r_z spinose ;Male gnathopod z basis lvith anteroproximal lobe, lacking rir¡J"i"l*g ridges; coxa 2 excava¡eposrerovenrrarr¿; coxa ? strongrv 
"oÅ,r.x 

;*;ú;ii,J";-ï-.ilgy1ïiiå* ,,0*., p. porexMale gnathopod z basi-s *;rr,.ãnt.rtå;;;;iË;.; 
""rer 

margin wirh obiique row of srridula¡ins
;iåå::t 

coxa 2 evenlv round.d; ;;;;';''"äry ."";;;ä;;ì",rr,"^*i,¡, discar srridurarin!
3 rVale gnarhopod z propodus rvirh proximal toothryrare gnarhopod z propodus rvith distal roorh

3
P. tentdcornís

P. reinh<¡rdí

.,)
KEY ro sPEciEs (MALES oNLy) *o eA-

r. ¿i gnathopod r propodus with anterodistal 'brush' of long serae, ó gnathopod z basis
slender parallel-sided, anrerior margin straight or concave A. spinicornis
6' gnathopod r propodus lacking anterodisral 'brush' of long setae, ¿! gnathopod z basiseiongale-ovoid wich convex flange on anrerior margin A. gracilis
N'B' Females of all Aorid-ae a¡e notoriously difficult to identify. In mixed samples of bothspecies, including males, the females of A. spinilorzri may be ..p"ìoi'.¿ Ëy ¡he more serose anrennaz' short broad uropod 3 peduncle and reìarively shon ,,ropåd ¡ i"*i. Some experience wi¡hboth species is required before isolated females can be identified wirh confidence.

.)
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TAXONOMY OF PARATHEfuI.TSTO 923

þ) Both are rhe only members of the genus to exhibit bispinosø and compressø forms

,r,á'in.i, intermediat es. Parathernisto libeltula (Lichtenstein) is a bispinosa-rype species

with P5 much greater in length than P6. P. abyssorum, P. ausralis, P. pacifica and

P. japoiica are all clmpressa'type species with P5 and P6 subequal'

i+j go,¡ are the only members of the genus that are bipolar in disuibution. Para-

tlrì*;rro gaudichaudiis àn oceanic species, and P. gracilipes is neritic, their disuibutions

overiapping where intermediate conditions occur'

At; Paraúemisto gaudichøødi (Guerj.n) takes precedence over P. graciþes (Norman),

the laner name should be droPPed.

A key to ¿rllow identification of the slx members of the genus is presented belorv:

r. (a) PS and P6 subequal in length 2

i¿j Ps *".rt longer than P6 5

z. (a) Maxilliped without a distal row of selae on the basal plate

Ar straight P' abYssorum Boeck

(ó) Maxillipid. rvith a distal row of setae on the basal plate
' ' 

Ar straight; Dactyis of P5-P6 pectinate at base

(c) Maxilliped with a distai row of selâe on rhe basal plate
'' Àr curved.; Dactyls of P5-P6 not pectinate at base 4

3. (a),{randAzoffemalesubequal;length-of adult4'5-8'5mm P'pacifca Stebbing
" 

itl l" markedly tonjer *ran Át; í.ttefh of aduld 9-17 mm P' japonica Bovallius

4. (a) Ar hooked (Fig. r); inner margin of inner ¡amus of U3 strongly t"tÅ?tkuror,(Stebbing)

(å) Ar curved. (Fig. r); inner margin of inner ramub of IJ3 serrate or serrulate
P. gaudichaudi (comPressa rYPe)

5. (a) Dactyis of P5-P7 pectinate at base P' tíbettula
' ilj pu.ryrs of pi-pí ;;;;;i";;. ãi ¡ur. P. gaudichaudi (bispino'sø tvpe)

Compared with other members of the genus, Parathemisto g-audichaudi is-extremely

variable in form. Mogk (tgzù carried out a morphometric study of thetwq forms, and

concluded. that there was'a compiete range of speiimens with characteristic's intermediate

between the two extremes. Faciors affecting the degree of development of the bispinosa-

compressa. condition are not fully understood. It has been suggested that the inheritance

of ihe bispinosø condition is sex-linked (Kane, Lg66)' but the results of the present work

show thai the degree of expression of the condition can be changed towards either of the

exffeme forms when specimens moult. The phenotype is therefore conti¡ually changing

in response to some factor, the nature of which is unknown'

REFERENCES
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Arctiã Oceat. Proceeding of the (Jnited States National Museum,

tt2r 343-92. -f ___-_:_ ^_^^:^^ i- +rpoN"i*, fr], í., 19ø+. Euphausiids and pelagic amphipods. Distrib-ution of certain species in the

North Arlantic and Arctic rvaters. Srriot Atlas of the Marine Ent;ironment, Folio 6.
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TALITRTD AMPHIPOD ,JTZZ GUTDE

GROUP C:HARACTERTSTICS

The Talitridae are the only family of amphipods to have
successfully colonised Iand. The majority of t.he Bricish species
are rest,ricIed to the supralj-ttoral zones of marit.ime / estuarine
shores. There is, however, one species, Orchestia cavimana which
penet.rat,es well up into f reshwater systems and one f utl-y
terrestrial species , ArcitaLitrus dorrienj. The latter was
introduced from Australasia and has become established in
Cornwall and aE various sit.es on the west coast,s of Scotland and
Ireland.

Talitrids are unusual among amphipods in their ability to
walk in an upright position on land and have considerable jumping
ability. Body robust/ compressed and smooth. The head does not.
bear a rostrum. The first antennae are very reduced: anLenna L
being short,er t.han the peduncle of antenna 2. The second antennae
are robusf, especially in male specimens.

Orchestia ganrnare-ZLus (Pal1as ) shorehopper, beachf lea

Lenqth: Up Lo l-8 mm

Colour: Variable - brown, olive-brown to grey. Eyes round and
black. Blood deep blue upon contact, with air.
Habibat: In wrack piles and strandline debris on shingle, gravel
and rocky shores (even sometimes on sand) between EHWS and MHWN.
Also on saltmarshes and amongst, vegeEation fringring upper shore
(supralitt.oral- ) .

Habil- anrl behavi ôrrr: Very common, aLtaining massive numbers in
certain situations. Ease of collection dependent on environmental
conditions; during cold and hoL weat.her animals tend Eo burrow
down into underlying gravel / shingle to avoid freezing /
desiccation stress respectively. Found in large numbers in
freshly casL seaweed but as t.his decomposes animals more commonly
found interstitialJ-y as food maLerial mixes with the substratum.
Strongly thigmotact.ic. ReadilV jump when disturbed.
Dì st i nr:l i r¡e f eld characters: Expanded basis, merus and carpusI
of peraeopod 7 in large males. Enlarged propodus of second
gnaLhopod ("claw") of male has convex pa.lm (compare with other
Orchestia species). Females lack enlarged second gnat.hopod
propodus and expanded peraeopod 7. Second ant.ennae more robust
in males than females. Large male specimens may exhibit
horizontal banding on the dorsal surface. Sexes can not. be easily
differentiat.ed in animals below 8 mm. Females with eggs from
March - September: eggs initially purple changing to orange tint
nearer to hatching.

Charar-l er l_n r)T serverl mal-eri al : Pleopods, rami only about, half
length of peduncle. d: gnathopod 1- subchel-ate wit.h short pa1m,
merus without, posterior lobe; gnathopod 2 robustly subchelate,
propodus (broadly oval), palm less than half lengt.h of posterior

)
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fl subchelate
asymmetrical

rr!(a!9rr1, rsgulcrLJ-y colivex aellml_E.eo. þy drst.rnct
curved; peraeopod 7 merus and carpus expanded

but palm ver!' short; gnathopod
1obe. b^^; +^-l¡-a^--¡ .^".1a| ,LqU\ qr.^to.-n< lÇ

Site(s) on Is1 e of Cumbrae: Farland Biqrht .

Orchestia mediterranea (Costa)

Lenqth: Up to 18 mm

colour: Brown, grey to greenish. Eyes round and black. Blood deep
blue upon contact. with air.
Hâ r)I tat : In shingle, under stones and boulders oft.en with lit.t.le
or no apparent dtrital algae, or amongst organic debris. UsualIy
lower on the shore (MHWN, lower Lhan peJ-vetia zone on surroun<1ing
r:ocks ) Lhan o. gammarellus alt,hough boch speci.es may occur
t-ogether.

Hal¡i t- anrl behaviour: Similar to O. garwnareJlus alt.hough not as
numerous and less like1y to occur in major wrack pi1es. Generally
more similar to aquatic species in behaviour, ie. more likely Lõ
squirm on side (in Gammarus-like manner) than o. gammareJJus
it, is however a very good jumper. Frequently seeks refuge inside
empty gast.ropod shells which are usually available in normal
habitat. Large males often rest. on t.heir side (cf . Gammarus) . ì

Distinctive field characters: SIeek overall appearance (more
laterally compressed compared with o. gammareT-lus) . Females
virt,ually indist.inguishable f rom o. gammarellus in the f j-eld.
Enlarged propodus of second grnathopod of maLure male has sinuous
palm with a median hump and often shows bright reddish coloration
on the edges of the palm and dactylus. Large males usually show
solid colourat,ion. Eggs purple t.ending towards orange prior t.o
hat.ching.

Characters of preserved material: Pleopods, rami equal to lengt,h
of peduncre" d: gnat.hopod 1- subchelate wit.h short paim, merus
without posterior lobe; gnathopod 2 robust,ly subchelat.e, propodus
(pear shaped) , palm more t,han half lengt.h of post.erior margin,
sinuous wit.h median hump, dactylus curved; peraeopod 7 merus a,nd
carpus expanded. 9: gnat.hopod 1 subchelate but. palm very shorL;
gnathopod 2 carpus with symmet.rical lobe.

S BallochmarLin Bay, Farland Bight(left hand side lookinçr out. to sea)

tooth, dactylus
9: gnathopod 1
2 carpus with

)
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TaJ-itrus saLtator (Montagu) Sandhopper

Lenqth: Up to 25 mm.

Colour: Males have pale fawn/grey background coloration with
black dorsal markings, the extent of which can vary greably.
Females smaller with greyer background colouration. Males have
very large, bright orange second antennae and orange tips t,o the
peraeopods; females have much smaller, grey antennae and grey
t.ipped peraeopods. Bl-ood straw coloured upon contact, wich air.
Eyes 1arge, round a¡ld not
greylwhitish portion. *.,ü"ti.

uniformly black,
l*^JQ )ç

often with
*\

Habitat: sandy shores and dune systems. During day found buried
in sand above recent high water mark down to d.ept,h of Lo - z0 cm.

Habil- anrl behaviour: Fossorial (burrowing) species which forms
disEinct burrow zones near the tops of sandy shores, always above
t,he level of the most recenL trì-gh t.ide mark. .TuveniLe specimens
a're of t.en f ound under sLrandline debris . Nocturnally active,
emerging from the burrow at night to forage on strandline debris
on t.he beach. TaJjL::us tribernat.es over wint,er (bet.ween September
and March/Aprir) in hig'h shore sand at. a depth of up to j0 cfr,
often several metres above t:he high water mark. very active
species capable of considerable jumping and long nocturnal
migrations

Dist.inctive f ield characteristics: The fat.test, of the t.alitrids;
the body is broader than the Orchestia species and. the animal has
a generally "heavier" appearance. The greneral body size and form
and paler colour make adults of t.his species easiry
distinguishable from Orchestia. Bright orange second antennae of
males are absolut.ely charact.eristic. Smaller individuals can be
easily confused with TaTorchestja deshayesii in the fierd.
Females with eggs between April and September. Colour ?

f ll roqorr¡ed m¡ I ari ¡'l . Pereon broad; pleon rat,her
compressed. d&9: gnathopod 1 simple; gnathopod 2 of mitten-Eype.d: Antenna 2 very robust., peduncle article 5 much larger than 4,
f lagrellum up [o 3S-art.iculate; most. articles wiCh disEinct. tooth
on inner distal angle. 9: Ant.enna 2 much less robust and short.er. - \
Uropod 3 has single apical spine. ùrú\"4 j ;j.L ."-,ru\r:[á"-(I,'..
Sile (s) ôn Isle of Crrmbrae: Fintry Bay, Sheriff's Port, Indian,s
Head.

TaLorcheslja deshayesii (Audouin) sandhopper

Lenqth: Up to 15 mm

Colour: Variabl e - fawn

Cha r¡ r'l ari q. l- i r.q n

)

pinkish tinge, ofL.en in
darker spots which may

/ brown to greenish. Somet.imes with
form of a median st.ripe. May also have
be close enough t.ogether to grive bhe

)

)
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- årta. \

¡a,áOing. Choco.Iat.e bròwn
S Iþís characteris;tic .

ef f ect of longit,udinal
lateral1y on coxal plate

Habitat.: Sandy shores / sand
burrowing habits alt.hough may
debris.

/b1ack mark

gravel. Similar Lo TaLiLrus in
also be found under strandline

Habit-- anri haviour
are of t,en f ound Log
sligrht.ly lower on th

Overal-1 similar to TaLi Lrus: the two species
et.her, âlt,hough Tal-orchesLja may be found
e shore.

banksi.de
Sporaclic

Di an 1d Variabilit.y of body
f icat.ion díf f icult.. Adultscolouration makes definite field ident.

are appreciably smaller and less robust than adult- Talitrus.
Adult. males have charact.erist,ic second gnat.hopod propodus whichis much enlarged wich the palm having a strong curved prox.imal
process (see diagram) . This distinguiifres aduld males from t.hoseof other talitrids (OrchesLja spp. lack Lhe process and TaliLrusdoes not. have enlarged propodus of t.he seconcl gnathopod) .Colouration is generally darker Ehan TafiLrus and lighCer thant.he orchest.ia species. Def inite ident.if ication, especially of
f emal-es and immature animals, requires use of binoclrar
microscope.

Chara f re al: d: gnathopod 1 subchelate
w th very short palm; gnaLhopod 2 robustly subchelaLe, palm with
1 arge curved proximal process. 9: gnathopod 1- simple; gnathopod
2 carpus wiCh asymmetrical lobe, propodus of miLten-type
.Silels) rae: Sheriff's Port, Indians Head.

Orchestia cavimana (Heller) Bankhopper

Lenqth: Up to 22 rnm. (males)

Colour: Dark brown - slat.e grey.

on Tsle of C

)
Habitat: Moist habitats under stones and amo4gst damp,
veget.at.ion in fresh and brackish waLer siÈuationJ.
distribution around t.he eritish f s1es.

Habi-t and behaviour: Broadly similar t.o o. grammarel-Zus although
no where near as numerous. often found in isolat.ed "nests', of upt,o 50 animals under stones (especially flat paving stones orplanks of wood on sEream/river banks). Tend to ihow migration upand down stream banks depend.ing on water leve1 (I have iound tfrei.,in association with aquatic species such as ÃseJ-lus and. Crangonyx
and also some dist.ance away from the water course in associãtiãnwith t.errestrial isopods such as PorceJ,Lio scaber and Onjscus
aseTJ-us) .

Distinct -ive f ield characteristics: Enlarged propodus of secondgnathopod of male has a sinuose palm which distinquishes it. frommale O. garnmarel.l.us (it is highly unlikely t,hat O. mediterranea

__)
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and O. cavimar?a are found together) . Peraeopod 7 in mature male
O. cavimana lacks the expansions seen in the ot.her t.wo Orchestia
species described. MaIes attain greater size Lhan O,g:ammare-lLus
and tend t,o have a slat.e grey col-oratio¡r.

Charact.ers of Þr served material: d: gnathopod 1 subchelaLe with
very short palm, merus wich knob-l
2 robust,ly subchelate (oval sha

ike posterior lobe; gnathopod
pe), palm oblique, spinose,

)

markedly sinuous, dact,ylus moderately robust with inner margin
sinuous matching palm; peraeopod 7 merus and carpus not strongly
expanded 9: grnat.hopod 2 basis wich anterior margin more or less
regularly convex, merus with small posterior lobe.'

Site(s) on Is e of Cumbrae: None. Not, f ound in Scotland althougrh
northern England, along the Thamesoccurs at several sites in

valley and Medway estuary.

Arcita.IiLrus dorrieni (Hunt) Landhopper

Colou r: Dark brown Lo almost black / blue. Cuticle surface often
appears Lo exhibit iridescence. Buccal mass often w ith reddish
coloration. Blood dark blue upon contact with air.

Habitat.: Fully terrest,rial, living in leaf licter and soil where
it, performs a similar role to woodlice, with which it is
f requent,Iy f ound co-exist,ing. Also f ound amongst mat-f orming
veget.ation such as HeJ-ixine.

Habit and behaviour: C ryptozoic / fossorial
and soil crumbs where it someLimes forms
systems. Active, jumping species but of t,en
dis[urbed (after an initial bout of hopping)

l

amongst Ieaf liLter
superficial burrow
feigns death when

)

Distinctive f ield characteristics : Immediat.ely disLinguished from
t.he other species by the t,errestrial habit: I know of no sit,e
where Arcital-itrus is found in associat.ion with any of the ot.her
species described here. A very delicate speci.es with
characteristically dark coloraLion and slender second anLennae
and limbs.

Cha racters of n q.arr¡o¿l ma I ori ¡ 'l Antenna 1 reaching beyond end
of peduncle art.icle 4 of anLenna 2 (unl-ike semi-terrestrial
species). Ant,enna 2 slender. Gnathopod 1 simple; gnathopod 2
propodus of micten-type

Site(s) on IsIe of Cumbrae:_ None. Nearest recorded site on t.he
island of Colonsay, Inner Hebrides.

Ot.her talitrid species recorded from the eritish Isles:
Orchestia remyi roffensis
Orches t ia aes tuarensi s
Pf at.orches t ia pJatensjs
TaJ-orchestia brito

,J



Experimental " jizz" key t.o adult.s of conìmon eriLish t.aliLrids

) 1) Fully terrestrial, living indark coloration, delicate ,ittr
and walkingr limbs

leaf litter and soil;
slender second antennae

. . Arcitaf itrus dorrieni

)

Semi - terres Irial
habitats; robusE
limbs

in marine,
body with

estuarine or fresh water
robust second antennae and walking

...2

)

2) Male gnathopod 2_not..expanded (,,miLLen,, type) ; second antennaeof male massive_and bright orange; animal"-"e.v iãùunOand not obviousry, raterar-ly compressed; pale tawn/greycolour; sand burrowing... ....TaJ-itrus sal_tator
Propodus of male second
robust but noL massive;
degree

gnathopod enlarged; second anLennaeobviously 1abera1ly compressed to some

3) Less than l-5 mm. Mature male gnathopod 2 parm ofpropodus and dact.ylus with disciãct. ,,häoked,,
appearancer greylpale brown/pinkish backgroundcoloration wit,h pronounced black, dorsálmarkings often forming longitudinal ¡ãnas and. chocolatebrown/black m_ark lat.erally on coxal plate 5; burrowing insand/gravel shores Talorchestja desha¡zesji

ffiù"lnl

3

Lt-

7 merus

{ì-cI=--#åí3
les eater than 15

gnathopo lackinqr ho
mm in lensth , 

(
oked appearancf; bodygrey (may be hint of
ve expanded peraeopod

....{....'' \[* u"i'H¡ilñÅ\'''' 4

nks; slat.e greylbrown;
expanded; male gnat.hopod 2

)
more or less uni
horizont.al bandi
and carpus.

form brown/
n9); may ha

)

Rocky shores, boulder
and saltmarshes; expa
male

4) Fresh or brackish water ba
mal-e peraeopod
propodus oval

7 not strongly
shaped... Orchestia cavimana

(even possibly sand)

:.":n".". .:: .::::::::g 7 in

. . . .Orchestja gammareJJus

shores, shingle
nded merus and

)

.-)

5) Sleek appearance; mal-e propodus of gnathopod2 q9?.-shaped and palm sinuous; palm and dacLylusreddish; MHWN, ie. lower Ehan peivetia zone r.rnder.stones and boul-ders on marine shores orchestia mediterranea
Gnathopod 2 propodus broadly oval; gnat.hopod 2 palmconvex; no red.col-oration; may show horizontal Landing;EHWS-MHWN on wide range of shóres (estuarine ana *aiine).

)
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Toxicity testing using amphipods

Began in USA in 1970. R.C. Swartz (EPA, Newport, Oregon) started it off usirrg the
phoxocephalid Rhepoxynius øbronius. The 'Rhepox' test has now become a standard
procedure, with the unlooked for consequence that the beast is now loosing ground in the
field due to over-coilection!

Protocol in ASTM (American Sociely for Testing Materials). In 1lit. beaker, add 2cm of
test sediment, overlain with aerated seawater. Test 10 days duration. Observe whether
Rhepox burrow? If yes: continue. If not, then mix sediment with clean diluent sediment
untii reach a mix they witl toierate, then repeat. At end, see how many stilt alive. Put live
ones back into sediment, see if reburrow.

PROBLEMS:

7) Rhepoxynius ís a carnivore! This rnay not be the ideal feeding strategy for a sediment test
organism. Is there appropriate food available in the test arena? are animais under food
stress as well as toxin stress?

2) animals are probabiy not eating the sediment. Therefore toxin uptake is probably
through the gills noi the gut.

3) Seems that this organism was chosen for convenience rather than sensitivity

At recent meeting (1992) of amphipodologists in Washington, D.C., Don Reish stressed
that:

1) there was a need for really simple keys for toxicologists to use,

2) since toxicologists not good taxonomists can easily find themselves doing expts on
'wrong' species, or mixtures of spp.

3) attempts should. be made to have correct test species always available from lab. cultures
(as is now the case for polychaetes), to get around these problems.

Response to these realisations in California has been the formation of SCAMIT (Southern
California Association of Marine Invertebrate Taxonomists).

References (selected)

Swartz, R.C., DeBen, W.A. & Cole, F.A., 1,979. A bioassay for the toxicity of sediment to
marine macrobenthos, l.Wat.Poll.Control Fed., 57, 944-950.

Swartz, R.C., Schults, D.W., Ditsworth, G.R. & DeBen, W.4., 7984. Toxicity of sewage
sludge to Rhepoxynius abronius, a marine benthic amphipod. Archiv. Enoir. Contam,
T oxicol., 73, 207 -21,6.

DeWitt, T.H., Ditsworth, G.R. & Swartz, R.C., 1988. The effects of natural sediment features
on the phoxocephaiid amphipod, Rhepoxynius abranius. Mar.Enuir.Res.,25,99-124.

Robinson, 4.M., Lamberson, I.O., Cole, F.A. & Swartz, R.C., 1988. Effects of culture
conditions on the sensitivity of the phoxocephaiid amphipod, Rhepaxynius abronius, to
cadmium in sediment. Enair. Toxicol. Chern.,7,953-959.
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1. Scope

i.l 1'his guide (1)2'r descnbes proceciures lor obtaining
irboratoq,' Cata concerning the shcrt-l.eûn adverse effects ol
potentiall)' contanrinated sediment. or of a tesl materìal
exper-imcntally adCed io contaminated or uncontai'ninated
scCiment. crn marine or estuarine intaunat amphipods during
sr¡tic l0-da)' e.{posuies. These procedures ere usetìrl for
ir.sting tl:e ellects of virious geochemical characteristics ol
scdimrnts on nlarine anci estuarine amphipr¡ds, an,rj could ì:e

ured to msess sediment toxiciti'to other infeunal ta.ta.
although modilications ol the procedures appropriate to the
rest species might be necessary. P¡ocedures tor l0-Cav static
sediment toxicity tests are described lcr the lollorving species:
Rltepo.rtnius uhronius, Eohaustorius estt¿urius. .lntpe!isca

a bC i i u ¿:nd G ranclitl iera I lu,i apo n ir:u.

l.l ìtlocirfications ol these procedures might be appro-
priate ior other sediment toxicit:,, tesi procedures sucir as

lìorv-through oi partial life-c¡'cle tests. lv{ethods outlined in
rhis guicie shouid also be usciul lor conducting sedimeilt
tcxicit-.,' tcsts rvith otlier aquatic ix\a. although moCit-rcarions
ilright be necessary. Cther tesr organisrns rnight inclucie oîhùr
species of amphipods. other crustaceens. pol¡chaetes. antl
bi valves.

1.3 Oihcr mociilìcations of these procedures might be
justifìecì by' special needs or circumstances. Although using
apprcpriate proceCures is more important than tollorving
prescribcd prccedures, results o[ tesis conclucted using un-
usuel procedures are not likelv to be comparable to results of
many cther tests. Comparisons ol results obtained using
modified and unmodifìed versions of thcse procedures might
provide uselul iiitbrmation concerning nerv concepis anci
procedures fbr conducting sediment tcsts u'itir infäunal
rlrgan ism s.

1.4 These procedures are applicable to scclinlr-nis con-
tilining most cirt:micals. either individuall;* or in lbrmula-
tio¡rs. commercial products. and knorvn or unknorvn mix-
tures. With lp¡lropriate moditìcations these procerlures can
bt-' uscd to conciuct scdintenr to.ricit¡, tests on thctors such as

tc¡npcrature. salinitv. dissoh,ed oxygen. and narurrl sedi-
nient churactcristics (lbr cxrmple. particle size distribution.

! l'hir i:uidc is untlcr thc jrrnsJiction oi ,\S-t \l Conrnritr.'c [:-Ji rrn l]itrLrgicai
i::ìr{tf xn(l l:nr ir¡rnl¡rcnlrl lrirtc itfì(l ir (hc dirccl rr.sponsii:ilit¡ ill' juhLommittrd
i: j-.()i ol Scrlr¡¡cnt I rltie¡rhrl.,.

orgaaic cerbon content. total solids). These metilodi,.¡1 .,o

be used to conduct bioconcentration tests and in s::, ,,,
citv of
maten

and to assess the tcxi potentially contaminal:.¡ .

su'diments, or of such als as sewage slud,g,... ,,i,, .¡.

( urr(rìt c(lrt¡(r:; ir!';)11r\ü¡.! .lr:rlr' l.l. l:;\;r). l)uli!i\lu(l [)cLcntb(r l.¡(¡l).
'' lÌ,rl,.ll.r.r nrrrrl'err rrr ¡lrrgillicr,.,r ¡eti.r tt, tlrc lirt rrl rcli.rclr¡rs r:1 thç r,nJ ,rl'

i:t. gur.l..
' I h¡\ r:ui,lf r,, tì.t!erl Llrrr'l\ rlrr (irr¡rlc Ir'':,r :ut\l Iìcl ( I J,

ticulate matter. and solurions of ioxic3nts aCdcd r,, ,
ments. A mc-dian lethal concentration (LC50) 0r rr:-...
sublethal effect concentration (EC50) of toxican:,. ,

highly ccrntaminated sediment mixed into uncLrn:J.- - .

sedirîent can 'Lre Cetermined. !laterials ei:her arl:r.-.

sediment lrariicles or dissolved in interstilial r,.¡1¡¡

tested.
1.5 lìesuits olsho;'t-t':rm toxicìty tesrs rvith ic'ir n¡. .

experiment:l!l_v' irtlci':d to sedirnents may be reporlcrJ ::
of an LC50, and sonctimes an EC50 rvherc "concc;r:r, ,

refers to dry or rvet rveight concentraiion ilr ',c,; ,

Results of a lìeld survev rvith singJe samples to dctr;:-

spa'rial or temporal distribution of sediment ¡s¡iç¡lr:;
reooried in iern'rs olperce nt itìc¡-talit\" (see Sectìi'r lt" ;

suiver./s cen be des:3ned to proviCe either a rii.;
reconnai:;sailce ol ihc disinbLrtion ol sediirent tttr:'','
(iuunlitaLit'e stetistical compatìson ol to.ricitl li:i 'i
tions.
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THE EFFECT OF 10 TOXICANTS ON SURVIVAL AND

BIOACCUMULATION ON TWO SPECIES OF AMPHIPOD

CRUSTACEANS

Donald J. Reish

Department of Biology, California State IJniversity, Long Beach

Long Beach, Califo¡nia 90840-37Q2
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I
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ABSTRACT

The toxicity and bioaccumulation of arsenic, cadmium, copper, lead,

mercury, zínc, DDT, PCB, and the water-soluble fraction of diesel fuel

were measured ovef a 96-hour period to the g ammarid ean

amphipods Corophíum tnsidíosum and Elasmopus bampo. Corophíum

'was more sensitive to arsenic, zinc, DDT, PCB, and the water soluble

fraction of diesel fuei; wheteas, Elasmopus was more sensitive to

cadmium ,chromium, and copper. Comparisons of these results to

those determined for copepods, curnaceans,r isopods, and decapods

conducted under the same experimental conditions indicated that the

sensitivity of these two species of amphipods twere intermediate to

the other species of crustaceans. Corophíum accumulated the greater

amounts of chromium, copper, lead, and zinc; whereas, Elasmopus

accumulated more cadmium, DDT, and PCB after a 20 day

experimental period. The toxicity and bioaccumulation of toxicants

to other species of marine species of amphipods were discussed and

summarized in tabular form.
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I TABLE 1

MARTNE GAMMARIDEAN AMPHIPODS USED TN I,ÍÀRINE TOXICOLOGTCAL RESEARCH

Family Arnpeliscidae
Ampelisca abdita

Farnily Ampithoidláa
Ampithoe vaLida

2

)

)

Family Aoridae
Le ptocheirus plumuTos a

Family Cheluridae
Chelura terebrans

1

L

l_

1
t-
3
L
1
5
4
1

t-
3
2
L
5
L
1
1
3
1
1

1
t_

3

)

I

Farnily
Co
c.
t'1

c.
c.
ra

Corophiídae
rophíum acheríscum

bane.JPt brl.n'r ¿i(ii
insidiosum
oríentalís
spinocorne
volutator

GrandidiereTTa j aponica
G. l-utosa

Family Gammaridae
Ani s ogammarus pugettensjs
Elasmopus bampo
Gammarus aequicauda
G. daíberí
G. duebeni
G. insensi.bil.is
G. Tocusta

'J G. m/cronatus
G. oceanicus , /\
c. pseudoTín4laeus
c" sp. I

Farnily Haustoriidae
Eohaustorius e stuaríus
Àleohaus tor íus b iarticul.atus
Pontoporeía affinis

)
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Family Hyalidae
ATTorchestes comptessa

Fami Iy r,vsÏ#arrâs idae
ðni3iñu't tàrrini"
unidentified

Family Phoxocephalidae it
Rhepoxynius abroni(us

Family Talitridae
Orchestoídea caTilorníca
O. cornícuTata

Anphipods, unidentified

I

1
l_

18
")

1
1

4
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TABLE 2

THE EFFECT OF TOXTCANTS ON MARINE GAMMÀRTDEAN AMPHIPODS
(Data as 96 hour LC50 in ng/L)

Corophium Elasmopus

0.9 2.8

L.27 0.57

11. 3 2.4

0.36 0.34

>5. 0 >5. 0

0.02 0. 02

2.1 4 .5

0. 0o0t-4 0. 002

0.009 0.037

>L00.0

12.8

L.2 2.4

,)

Toxicant

Arsenic
:

Cadmium

Chromium

Copper

Lead

Mercury

7,inc

DDT

PCB

Altosid

BTÏ

W-S Diesel

Other Species

7 -58

o.L9-7 .4L

5.56

0. 1->10

o. 0B-0. 12

0.58-2 . O

o .32-2 .1,5

J
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TÀBLE 3

CHEMICAL RESIDUES REPORTED IN MARINE GAMMARIDEAN AMPHIPODS
(us/g)

Corophium

')

Chemical

Arsenic
Lab

, Field

Cadmium
Lab
Field

Chromium
Lab

Copper
Lab
Field

Lead
Lab
Field

Mercury
Lab
Field

Zínc
Lab
FieId

DDT
Lab

PCB
Lab

ørasmop$¡s Other Species

2.3-8.9

46 .0
0.83-8.8

>46.0

364
L2.4-94

60.0
to-23

0. 01-0.47

L09-1,3 9
t3-27 00

<l_0. 0

23.O

51-. 3

3 ,464

832

27 .7

253

<1. 0

<1. 0

<0. 01

58.7

11. 5

32. O

r.2

<0.0L

0. 05

2.9

l_1. o
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HEAVY METALS AND AMPHIPODS: FIELD SruDIES
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92093
Van lfaren, l.larion J., Universite Claude Bernard Lyon-.I DepL. Biologie Animale 43 Bouleúard

Du 11 llovenber 19I8 F-69622 Villeurbanne Cedex FRANCE
Varela, Carlos S., InstiEuto De Zoologia Unive¡si<lad Austrâ1 De Chile Valdivia CIIILE
Vaesilenko, S. V., Zoological lnsticuce Academy of Scieoces USSR V-1ó4 Leningrad USSR
Vigna-Taglianci, À., Iustituto Di Zoologia De1 llJniversita 00100 Roma ITALY
Vincent., M., LaboraÈoire De Biologie Änirnale Faculte Des Sciences Linoges FRA-ì'ICE

\./akabara, Yoka, Universidade De Sao Paulo lust. 0ceanografico Cidade UniversiLaria BulaûLa,
Sao Paulo BRAZIL

Ward, Jaoes V., Dept. of Zoology and Entomology Colo¡ado Scace University Fo¡t Collins C0
80523

Hatling, Les, Ira C. Darling Center University of Ùfaine Walpole lfE 04573
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lleoner, A. M., Dept. of Biological scieoces univ. of califo¡nia, santa Barbara santa

Barbara CA 93 106

!tildish,D.J.,BiologicalS¿a¿ionSL.lindrewsEoG2X0CANADA
Wi1 1ians, ÀdeIe, oeprl of. ZooLogy Universicy of Bristol Woodland Rond BrisLol, Av<to

ENGLAND

Wil1iaus, Ji., Deparcnen! oÊ oceaoography The 0niversity Southhanpton S09 5NH

ENGLAND

t{il1ians, I.l.D., Depr. of Zoology The Univers'ity Adelaide, S. Australia 5001 AUSTRALIÀ

Hing, Bruce L., Naiional llarinì Fisberiee service iìoAa P.O. Box 155 Auke Bay AX

9902L
Wolff, Torben, Zoologisk lluseum Universitecsparken I5 DK-2100 Kobenhavn 0 ÐAl{llARK

yarnarå, shigeyuki, l,tukaishina ìfarine Biological Lab I'fukaishima-cho Biroshina ?ref eccure

: 722 JAPAN

Zeidler, Wolfgaog, The Soulh Australian lluseum llorlh Terrace Adelaide, S. Australia 5000

AUSTRALIÂ
Zerbib, C., laboratoire De Sexualice Des luvertebres BatiuenË C Universiue De Paris VI

75230 ?aris Cedex 05 FRANCE

Zoology Library, British lluseum (Natural tistory) Cromwell Road London SltT 5BD ENGLÂND
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G.O. Sars

Perhapsthegreatestcarcinologistwhoeverlived,GeorgeossianSars
isknownfortheexcellenceofhisSyStematicanalysesandfinegraphic
rendit,ions plus an" nign qualit.y of thl plates he produced in the crustacea

ofNorwayandtheCrustaceaortneCaspianSea.Thestyle,proportionsand
arrangement of his plates have never Ëeen duplicated, let-alone surpassed'

surprisingly,sarswasknowni'nhiseartyyearsforhisfirstmajorwork
which was on freshwater crustaceans of NoIway (1867) and then Iater he

became the grea t mar ine exper t. Fortunately, Sar s was g iven the great

caspian corrections of Dr. Grimm and Mr. warpáchowsky_and he rendered thern

in his usual fine style' rnough he targeiy ignored mouthparts of the

Caspiangammaroids,"fichha=f'u=trated*unyofusin.Iateryears'he
obviously realized lhey were alI very similat lo tach other and only the

smallest of diÈferences in plip". setation have been usable for later

splitters.

Lç Hro \^" A S \r '+e

S. Karaman

CarI von L inne described what has become the f irst off icially

vaIíd amPhiPod namer now known as Gammarus puI ex (Cancer PuIex

Linnaeus, 1758: 63 3) . It was descr ibe d in nine Latrn w ords, its tYPe-

Iocal i tY being the "Sea Shorerttwhich makes it suspect/ as puI ex ìe ã

Iake and stream sP ec j.es. Nevertheless '
Stebbing (I90 6) acc epts this

as the establishment of pulex The next and final g ammar idean

amphi P od described bY Linn aeu s (1 758) was Gammarus locusta (a s Cancer

Iocusta on page 634. s came from maritime EuroPe'rhi

StankoKaraman,sfatherwasthefirstscientistofYugoslavia,andhis
grandson, corJ;;, carries ;; the.traditi;" of a familv laced with

scientists. stanko Karamun-i-" 
-responsibr.-iot the exptoiation of the

Balkans in search of cave and "ntn..å "mp¡ripods; 
Gordan now believes the

major species iuu. all been discovere¿. The Karamans have been¡ âod aÍ'et

very prolific workers, as can ¡" "u" 
in the Bibliography herein'

Li nnaeus

)

Ed ' Clhe.vreux

The great French carcinologist' Ed'' -ch¡¡reuxr 
worked on amphipods

between the middle 1880's "nã 
in"- m.id;r920's' Though his malor

contributionsweretothemarinefau.na,.äspecial}yinhisclasstc
,,Faune de France,¡r Lg25, with Louis uug'-''-""u t'itu-t studies 'of

tropicalpacifi.i,=Iandchain',r.,"treatedmanynewfreshwaterspecleS
from Europe and North Africa. He arso wa" tiä'="tipient of occasionar

freshwater species from exotic ftu."t li;; the seychelles' south

R^.ri"u, Lake Baikal and the Turkestan'

E.W. Sexton

Mrs. Sexton i s the founder of the study of behaviour in amPhiPods'

She used Gammar us chevreux i for nearIY 40 Y ears in he r PIYmouth laboratory

9 I0. She learned much ab out moulting' g rowth stages '
starting about L

variation, PhenoL
on inheritance of
diff icult taxono
waters of EuroPe
tigrinus.

vpv and ecoPhenotYPY She and J.S. HuxleY did some work

eye colour. She beg an the work necessary t o sort out the

my of the seven doml nant sPecles of Gammar us in the salt

.)
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and discovered what b ecame the scourge of EuroPe' GammaruS=--
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c. Chilton

Charles ChiIton, the New Zealande'r, studied New Zealand freshwater
amphipods, and his fine paper of 1894 is the basis of early knowledge on
the group Indeed, his work is the best of the early products on
underground species. He also reported on species from thè Philippines
Australia, and southeast Asia. His famous work on Chilka Lake in India has
piqued the imagination of many persons wanting to explore more fr-rlly the
fauna:of this kind of coastal lagoon in the tropi.cs.

E.V. Mar tynov

Martynov began publishing in f9l9 on crustaceans in the area of
Rostov-on-Don, extended outward through the Ukraine, the Dnieper, the
Crimea, shore drainage of the Black Sea and took on more exotic places such
as Issy-Ku1, Turkestan and Lake Teletzkoye.

O.A. Sayce

Sayce founded the freshwater amphipod fauna of Australia by describing
in excellent form several species between 1899 and L902; however, G.M

Thomson had preceded him by describing in 1893 two species from Mount
Wellington and a tributary of the Huon River in Tasmania-

A. Schellenberg

Schellenberg published between L925 and I953, though his Iast papers
were obviously publ ished after his death. Schellenberg was one of the
first and has been, until a decade ago, one of the few amphipod students to
delve into the higher class,ification and interrelationships of freshwater
amphipods. He recogni zed the unusual character of crangonyctoids (see
especi.at Iy, 1937c) . He had a special fascination for NiPhargus

C.R. Shoemaker

Mr. Shoemaker worked at Smithsonian between 1912 and 1958 when he died
in his 80's. He published several sma1l papers on epigean Gammarus,
Crangonyx, and various cave
region.

amphipods from North America and the Car bbean
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J. Laurens Barnard
(1928 - 1991)

A Brief History

by James D. Thomas

On rare occasions individuals come along in a particuJar field of science
whose presence a¡d conlributiors forever alter the understanding and practice of
the discipline they are engaged in. ln the field of ca¡cinology,Jerry Barnard was
one of these ¡a¡e individuals. His extensive conl¡ibutions to amphipod taxonomy
were one of the greatest taxonomic efforts ever by a single investigator. ln these
times of deciining activity in systematics we are not.likely to see his equal again,
and fo¡ this ¡eason his passing is especiaily painful.

According to Jerry, his career in science began in 1940 when, as a 12 year
old, he saw a movie made by marine biologists f¡om the Allan Hancock
Foundation of the Universily of Southern CaLifomia. From that point on he knew
he wanted to be a scientist.llis career ended i. *y living room on Ramrod Key,
Florida, on the evening of 16 August 1991, when he suffe¡ed a massive heart
attack. Befween these two points in time.he practiced his t¡ade as a naturalist and
amphipod taxonomist with focused diligence, becoming the most significant
taxonomic p¡esence in this group since the early days of T.R.R. Stebbing and
G.O. Sars.

Jerry's command of amphipods was total, covering the enti¡e group from
all parts of the world, marine to fresh water, tropical to boreal, shallow coral reefs
to hydrothermal vents. While the majority of his cont¡ibutions to amphipods
were taxonomic in nature, he aiso worked on amphipod behavior, ecology,
fr.rnctional morphology, and phylogeny.At the time of'his death he had 25 active
manuscripts in va¡ious stages of compietion, addressing ail major aspects of the
Amphipoda, inciuding descriptive papers, monographs, book chapters,
biogeographic investigatiors, behavior, ecological studies, and phyiogenetics.

An only child, Jerry was born and raised in Pasadena, California. His
boyhood "Cai.ifomia years" and his early scientific career remained forever
etched in his memory, and to ride a¡ou¡rd Southem California with Jerry was to
be taken back into time with a constant commentary on what life was like for a
boy growing up in that a¡ea.

Jerry entered Pasadena Junior College as a high school junior in 1945 and
graduated L^1947. He then eruoled in the zoology program at the Universify of
Southern Cafifornia and began a research project on corals but soon ran out of
material due to the depauperate nature of eastern Pacific corais. He did,
however, publish a paper in 1952 with J. Wyatt Du¡ham on the stony co¡a-ls of
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the eastem Pacific. By this time a fellow graduate student in isopods, Robert J.
Menzies, had focused Jerry's attention on crustaceans. One day Menzies and the
noted authorily on eastern Pacific crustaceans, John W. Garth, took Jerry on a'
tour of the cn¡stacean collections. Remembering his problem with adequate
maierial for study in corals, Jerry inquired which group was well represented in
the collections and might be the most difficult to study, to which both Garth a¡d
Menzies replied "amphipods". He started on amphipods the next day. At the
end of six monihs he was still unable to identify the fust amphipod species he
was given. This initial frusfration with amphipods was due in iarge part to the
lack of adequate taxonomic illustrations, descriptions, and keys. Jerry ovetcarne
these shortcomings by providing detaüed illust¡atiors and descriptions of
amphipods, but his initial frusf¡ation with identificationslvould rnotivate his
taxonomic efforts for the next 40 years.

In 1.949,lerry started his Ph.D. program at the University of Southern
California. He ¡eceived his Master's degree in 1950. One of his professors, J.W.
Mohr, formed the Marine Borer Cor:ncil to study the effects of marine borers on
submerged timbers. Jerry's involvement on this cotrncil resulted i¡ the subject of
his dissertation, a study of the wood-boring amphipod Chelura terebrans.Jerry
received his Ph.D. from USC in i953. From 1953 to 1956 he was a postdoctoral
feilow at USC working on floating ice islands in the Cent¡ai Arctic Basin. His
early fieid work and the many areas around the worid he would visit during the
beginning stages of his career provided him wiih a broad conceptual base of
amphipod distribution and taxonomy. He reiated to me many times during our
association the critical importance this early field work had on his understanding
of amphipods. Wherever Jerry went in the field, he inspired colleagues and
students alike in marine invertebrate taxonomy.

In 1958, Jerry joined the newly formed Beaudette Foundation in Solvang,
Caljfornia, as arr Associate Investigato¡. The Beaudette Foundation was funded
by Palmer Beaudette, a wealthy philanthropist with an interest in marine
biology. From 1958 to 1959 Jerry was a Research Associate at Beaudette,
becoming Associate Research Director from 1960 to 7964, and rurdertaking many
resea¡ch dpt, including an NSF-funded study of lagoon ecology and taxonomy
of Bahia de Los Angeles and Bahia San Quintin, and the Ga1ápagos l:rternational
Scientific Expedition. Financial difficulties forced the closing of the Beaudette
Foundation in 1964, and Jerry returned from the Galápagos expedition to find
himself out of a job. However, this period remained for Jerry a special time in his
scientific career, and he often referred to this time as the "halryon days of
taxonomy."

Intg64,Jerry accepted a job at the National Museum of Natu¡al History
as Associate Curato¡ of Crustacea. He was to remain in California for a year
finishing several projects, since this was the time when the west wing of the
Natural History Museum was u¡der construction and no office space was
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available. The Bama¡d family moved to Oxon Hill, Maryland in 1965, but their
stay was brief. ln January 7967,Jerry and family began a series of postings that

would take him to the Bishop Museum in Hawaü (1967-68), the New ZeaJand

Oceanographic Institute at Weiüngton (1968), and the Westem Aust¡alian
Museum in Perth (1968). These efforts resulted in a series of comprehensive
faunal monoglaphs from Hawaii, Micronesia, Australia, and New Zealand.

Jerry's initid présence and continued visits in these areas served as a catalyst for
marine invertebrate taxonomy that he continued to cultivate until the time of his

death.

From 7970 to 7974Jerry was on loan from the Srnithsonian lnstitution to
the Unive¡sity of Attzona,Tucson, to help stimuiate research and strengthen

their marine field station in Sonora, Mexico. According to those at the station,

Jerry's presence was strongly lelt in the program and sfudents naturally
gtu,ritui"d to him. The Bamard family returned to the Smithsonian in November,

lgZA tui.it g up residence in Alexand¡ia, Virginia. There was a steady stream of

coileagues-and technicjans th¡ough his home and his laboratory ai the Museum

of Natural History.

Jerry publ-ished widely on all aspects of amphipods. He produced three

major syntheies of the group, the first being the 1969 index to the marine fam'Lilies

utrá g..ruta. This pubiication immediately became a benchmark in the field since

it offered. the fust diagnoses of amphipod families and genera in a singie

comprehensive work. Th e 7969 handbook treated 3,300 species in 670 genera and

54 farnllies. The recent update of this monograph published by the Ausf¡alian
Museum t¡eats 5,733 speiies in 1,055 genera and 91 families. Unforfunately, ierry
would never see this updated world monograPh in finai form.In 1983, Jerry
published the fwo-volume world monograph on fresh water amphipods wiih his

wife Cha¡line.

so what have been Jerry's cont¡ibutions io amphipodology? ûr the

technica-i sid.e, more than 225-plus publications on amphipods (except for a

single paper each on corals and isopods) will ¡emain an unequaled s_cientific

tegã.y. rõ many of us though, Jerry was much more than a compendi"l o{

taionomic information. He was a warrn and generous man who never lost his

focus or appreciation of nature. Jerry was an inspiration to many people, many of

whom he r,ever met- His constant encouragement in scientific and financial areas

was widely appLied to struggling and estabiished taxonomjsts and natu¡alists.

For those of us working on amphipods fLB is gone in body only. Nearly every

time we reach fo¡ an amphipod paper, it will be one of Jerry's. What we have lost

is his encyclopedic mind" a itorehouse of irLformation that could provide us with
answers by a phone ca'll or letter, his sage council, and sense of humor. To his

credit, jerry nèver lost his chi-ldlike fascj.nation wiih the world and people around

him, a¡d was always more interested in other peoples projects than his own. He

was without pretense, always willing io lry a new idea or fresh approach, and
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doggedty supported indÞiduals and organizatiors for which taxonomy could

only be a part-time endeavor.

An avid birder, fLB traveied extensively in pursuit of this hobby and was

well respected in the intemational birding commr.rnify, hislife list being alnong

the mosi extensive in the world. He alsô had a passion for fire engines and trains,

a¡d was a model rafüoad enthusiast until his fust hea¡t.attack rn7978.ln his

office, woe be r:nto those who inadvertently biocked his path to his laboratory
window ove¡looking Constitution Avenue when the sirens of'fire engines

wailed. For, despite his bad knees, he couid cover the distance from his

microscope table to the window wiih catlike quickness.

It is djfficult to imagine amphipods without Jerry Bamard, but his

scientific ând personal legacy wili provide firm footing for those who follow'
Fareweil old friend, we will do our best to stay the course you so admirably

charted for us.

Jerry is survived by his wife Charline, daughier Gretchen, and sons

Robert and Roger.

James D. Thomas
Ram¡od KeY, Florida
March 25,1992
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This will appear in the next issue of The joumai of Crustacean Biology


