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PREFACE
Teleosts are the major vertebrate group with between 20,000 and 30,000 species
representing about 50 to 60% of all vertebrate species. Vertebrate movement
onto land is a relatively recent event and much of the basic design of vertebrates
was probably established in the aquatic environment. The broad generalization
that aquatic vertebrates are ammonotelic, whereas terrestrial vertebrates are
ureotelic, has obscured the fact that most mechanisms of nitrogen excretion are
found in all vertebrate classes and that these mechanism probably evolved in
vertebrate aquatic ancestors. Teleosts and present day land vertebrates have
diverged considerably from the ancestral aquatic vertebrate stock, but
comparative studies of all vertebrates may elucidate basic patterns in nitrogen
excretion in vertebrates.
Ammonia is continually produced by all vertebrates but cannot be accumulated
in the body because it is toxic. Ammonia must, therefore, be excreted or
converted to some other less toxic compound. Fish have evolved a wide variety
of mechanisms to avoid ammonia toxicity, the symposium on NITROGEN
PRODUCTION AND EXCRETION IN FISH describes and discusses many of
these mechanisms. There is also some discussion of the sub-lethal toxic action
of ammonia. In addition there is a review of ammonia transport in the
mammalian nephron, with discussion of some recent developments in that field.

Dave Randall

Don MacKinlay
Habitat & Enhancement Branch

University of B.C

iv

CONGRESS ACKNOWLEDGEMENTS
This Symposium is part of the International Congress on the Biology of Fishes,
whose main sponsors were Fisheries and Oceans Canada (DFO), and Towson
University. The main organizers of the Congress, on behalf of the Physiology
and Fish Culture Sections of the American Fisheries Society, were Don
MacKinlay of DFO (overall chair, program and proceedings), Karin Howard
(registration and accommodations) and Jay Nelson of Towson University (local
arrangements). I would like to extend a sincere ‘thank you’ to the many
contributors who took the time to prepare a written submission for these
proceedings. Your efforts are very much appreciated.
Don MacKinlay
Congress Chair

v

TABLE OF CONTENTS
Urea synthesis/excretion and ammonia toxicity in the gulf toadfish
(Opsanus beta)
Walsh, P.J., Y. Wang & C.M. Wood
.................
Urea metabolism and excretion in the Lake
.
A.

,

................................

5

nephron and its
glucocorticoids.
................................
Ammonia excretion in the
Ip

..................

,
.
L.N.Hong, T.W.K.
Peng,
................................
acidophilic Amazonian
................................

Wilson, R.W. & D.L.

15

19

exposed to copper in soft acidic water.
................................ 27

lamprey (
Wilkie,
J. Holmes & J.H.

marinus
................................

31

sublethal
un-ionized
tilapia Oreochromis niloticus
Abdalla, A.A.F. & C.D.
................................

35

underyearling
Inari
charr Salvelinus alpinus
Lyytikainen, T. & M.
................................

49

vi

Expression of glutamine synthetase and ornithine carbamoyl transferase
in the course of Piaractus mesopotamicus Holberg 1887
(Teleostei, Characidae) development.
Monzani, P.S., S.M. Ramos, R.O. Ramos & G. Moraes...................55
Nitrogenous excretion pattern of the fresh water fish Hoplerytrinus
unitaeniatus (jeju): a facultative air-breathing neotropical
teleost.
Polez,V.L.P., G. Moraes & R.Huet de Salvo Souza.........................63

vii

