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argentatus {Paynter, 19493, and the
peregrine faleon, Fuleo peregrinus
(Hickey and Anderson, 19683,

Leke trout (NSalvelinus womoy-
cush) sae fry. hatching from eggs
of females from Lake George, New
York, did not survive. Howoever,
when the spermn fromn inales from
Tiake (leorge were used fo fertilize
cpes of females from another water-
shed, f»v survival was normal, The
watershed of Tiake George had re-
ceived applications of DDT for the
control of gypsy moth, Durdick «f
al (19647 investigated this phenome-
non, deseribed the syndrome pro-
duced in the lake trout sac fry, and
pinpointed the time of ils develop-
meni ag late in the volk-sac utiliza-
tion puried and just before the fry
bhegan to feed. Thiz time appeared
to be eorreiated with the period of
maximum ntilization of the phospho-
lipid eonient of the yolk-sae. Tar-
ther, comparison of the affecled fry
with normal fry did not reveal any
histological or pathological differ-
ences. They noted that fry hatehed
from ewas which contained 2.95 ppm
of DDT deveoped the syndrome,
whereas fry from cgus with a DDT
content of 2.67 ppm did not.

Allison ¢f @l (1963) reported that
mortality among sac fry appeared to
be highest in those cutthroat trout
{(Salmo clarki lewisi) which received
high concentrations of DDT. Maeck
(1268) reported similar observa-
tiong with brook troul (Salvelinus
foritnalis) which had received rve-
peated sub-lethal concentrations of
DDT,

The revent work reported by Ames
{1966) on the Osprey in Conneceti-
ent and the work of Pavnter {1949}
on the herring gul! in Lake Michi-
wan indicated that DDT is the causa-
tive agent in the decrease in popu-
lations of these two species and thai
the effeet was on the development

of the cbryo. It bag been suggested
that in the cagle (Lockie and Rat-
c¢liffe, 1964) and peregrine falcon
{Hickey and Anderson, 1968) DDT
cansed a reduction in egg shell thick-
ness. However, the effects of DDT
on the reproduction of the guail
{Dewitt, 1956) and the pheasant
( Phusianus colchicus) (Genelly and
Rudd, 1936) do not fit this pattern,
for their chicks clic several woecks
aftler hatching.

DDT ean cause mortality amoeng
fishes and birds, However, repeated
sub-lethal doges of DDT did not cause
mortality., Further, sub-lethal doses
of DDT to fishes and birds did not
cause any reducticn n the number
of viable eges produced. In fishes,
normal sae-fry were produced from
females from the Lake George water-
ghed which apparenatly woere not sns-
ceptible to the effeets of DT until
late in the sae-fry stage. The fish af-
feeted during sac-fry stages did.not
show any histological or pathologieal
damage, Tird embryos, however, ap-
peared to die In embryonie life.
Thus, it would appear that DDT
must be altering some fundamental
biochemical or physiological process-
es eommon to all the organisms and
to the various situalions diseussed.
Energy productior. would be such a
commorn denominator.

The inereased oxygen consumption
and the associated random, awkward
body movements observed in inscety
treated with DDT sugeest a nenro-
musenlar involverent. It is gener-
ally agreed that the Incereased oxyoen
consumption is the result of inereased
activity of the organisms ( Metealf,
1955, (FBrien, 1967,  Ilowever,
Riketr (1946), Jandorf ef ol (1946),
and Laug and Fitzhugh (1946)
found that the oxygen eonsumption
of liver slices of animals in sub-acute
and ehronie DI poisoning had an
increased oxygen onsumption, and
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that the oxygen cousumption from
animals in advance stages of DDT
peisoning was deereased, The
changes in body coordinalion vould
be considered as a partial Impair-
ment of funetipns due to the de-
ereased ability of the nervous system
to funetion normally, a possible re-
sult of redueed energy output.

Part of the reaction of the or-
ganisms would appear to be a re-
sponse to stress. It was observed
that as the poison symptoms became
more severe, oxyoen uptake declined
(O'Brien, 19673, which is consistent
with the observed effects of DDT
on oxygen uptake as deseribed above.
The first gystem to he involved might
be the nervous system becanse of
its high fat content. This polnt will
be discussed later.

Rotenone, which has been used as
an insecticide but more reeently has
been widely nsed as a fish toxicant,
has been shown to decrease oxygen
nuptake by inscets (Tishler, 1935)
aud was thought to cause damage
te the tissues (Danneel 1933). T'u-
kami and Tomlzawa (1958) reported
that rotenone inhibited the oxidation
ol glutamate, and later it was shown
that this compound did not cause
tissue damage (Oberg, 1955) but
that its primary effect was the in-
hibition of the transfer of eleetrons
from the substrate to the eyrochrome
chain (Tindahl and Oberg, 1961).
This has been the only biochemical
effect shown for rotenonc. 1t should
be pointed ouf that in rolenomne poi-
goning, excassive, random movemoents
of fishes are observed, but rotenone
hag not been considered a nerve poi-
sor (07 Brien, 1967}, The effects of
rotenone on the oxygen uptake by
bluegill liver mitochondria have been
reporfed (Hiltibran and Jfohnson,
1965

Cyanide and antimycin A have
been used as fish toxicants (Bennett,

1962). (Walker et ¢, 1964) and ap-
pear to bloek the aptake of oxygen
by bluegill liver mitochondrial sys-
terns ( Hiltibran, 1963, 1967a). Thoy
interrupt the electron flow from the
substrate to the electron acceptor,
oxyren (Chanee, 19563, The data
strongly suggest that when the oxi-
dative pathways are blocked, encegy
cannot be produced, various cells
cannot function, and if some regula-
tory cells or organ would be affected,
for example the respiratory center,
the organism eannot maintain it
integrity and dies. This has been
suggested previously (Hiltibran,
1971}, (Skidmore, 1960).

Tt is well nown that some metals
are exiremely toxie to bluegills (Me-
Kee and Wolf, 1963). Recently we
observed that cadmium and zine at
relatively low levels {Hittibran,
1965; 1967a) severoly inhibited the
uptlake of oxygen by blucgill liver
mitoehondria. We found also that
caleium and manganege can inter-
rupt energy production, but the ef-
fect was primarily on phosphate
metabolism, whereas the primary ef-
feet of eadmium and zine wuas on
the uptake of oxyeen (Hiltibran,
19717,

Previously wo had been intrigued
by the fact that certain derivatives
of 24D were more loxic to small
Bluegills than were others (Hilti-
bran, 1967¢), Therelore, we investi-
gated the effects of nine derivalives
of 2,4-D and found that the most
toxic 2,4-1) derivatives msed in ihe
gtady, the butyl and isopropyl es-
ters, altered the uptake of oxygen
and phogphate by the bluegill liver
nmitochondria. Thus it would appear
that the primary effect of these de-
rivatives wag on oxygen Uptake and
that their toxie action eould be pro-
duced via their offects on energy
prodnetion {(IIilvibran, 1969a;
1969b). It appears, then, that the















