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development in unexposed control tuna and amberjack embryos.
Hcart development was very similar among blucfin and yellowfin
tunas and amberjack, both in terms of morphogenetic sequence
and timing in relation to developmental stage. There were par-
allels and contrasts in comparison with the well-described de-
vdupmenlnfﬂleacbrnﬁhlmﬂ(!‘)] In all three species, the
heart was first visible mi 1 in late stage
emhms(:.g..znmmm}(rg S!B]asnoonedmmwm
the anteri axis with 2 ly located
base (Fig. S3D). Nmmmmwﬁwmunmnw
were observed, some lefi-right asymmetry was already apparent
s the cardiac cone began to rotate to position the atrial opening
antheleltad:ﬂ'a,SiELBylheﬂec-lﬂm(mnlhm
later), the heart showed regular, rapid contractions of both the
atrium and ventricle, and was rotated nearly 90° so that the lu-
men of the atrium was visible in left lateral views (amberjack,
Fig. S;iand(r'yellwﬂnm rl@“mn After the
hatching
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yellmrl’in tunz, and was not
cause of a limited lvallabdzity of embryus and time cunmml.i
for sumple processing.

irnsl hological Defects in & to MCI52 Ol Expesure.
were carried out at temperatures approprhm for

btmdﬂnckmnnhmua:dmme hatchery rearing for each
species (Bluefin tuns and amberjack, 25 °C; yellowfin tuna, 27 °C),
wluch gumlly resulted in high survival ratcs for unexposcd
Bluefin tuna embryos had the lowest control
nmwdnﬁtlts%(n-4)'I‘Ium|m!autmdmafary=l-
lowfin tuna and ambenack were 72 £ 9% (n = 6) and 93 + 3%
(n = 4),

regpectively.
meC?ﬁmephw(mm or surfoce-
! a virtually identical suite of defects in the

Fg. 1. HEWAF pe duced y relevant PAH ex-
posures. PAH profiles in HEWAFs used in pelagic embryo expotures are
compared with warter samples collected during the active spill phase of the
Deepwaster HorironM(252 incident. Water samples shawn are represemta-
thee of 78 samples collected during May—luly 2010 that had comparable PAH
compaiitions 1o HEWAFs, 44 of which had IPAH levels that exceeded the
highest concentrations tested in embryo exposures. These data wers gen-
erated as part of the NRDA sampling program camried eut by the Despwater
Hariron oll spill mumwlmwﬂkkmllﬂtw {A) Fleki
sample from late June 2010 (Upper) and the d oll
mumm.wammmmnwmm.-ym
2010 {Upper) and the sick A HEWAF used In a yellowfin tuna test (Lowed.
mmmmmmmcwmdmmmuuuum
source oll HEWAF uied In the test (Lower).

PAHs are mInTchJas!-nddlwh-hrbdurklu-lMHAnwvdddh
Datasat 51. Focal compounds are naphthalenos (NO N4, purple), fluorenes
(FO-F3, blue), dibenzothiophenes (DO-D4, green), phenanthrenes (PO-PY,
olive}, and chrysenes (CO-CA, orange).

from the HEWAF, most likely because of volatilization, whereas
~25% of the phenanthrenes remained.

HNormal Cardisc Development in Tunas and Ambsrjacdk. We charac-
terized the timing and general morphological sequence of heart

Incasdona et al.

peltycthmbryu(ﬁp.ullhuwmmmuﬁlhm
previously described effects of other crude vils in vther fishes,
:ndﬂmgmqnmhumemnduhmnpm
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marked by of pericardial edema, expanding to
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Fig. 2 Grom morphology of hatching siage larvee exposed to MC252
HEWAFs ofl during embryonic dewelopment. Embryos were exposed from
shortly after fertilization to 12-16 h after hatching. Unexpesed controls in-
oubated in clean water are shown in A-C, snd oil-exposed (highest-dose
tested) in A'—C". Representative examples are shown for (4, A') bluefin tuna
exposed 10 artifically weathered souree ofl (1 mgiL oil, 8.5 ug/L ZPAM), (8 #)
yellowtin tuna exposed to sick A (2 mgAL oil, 3.4 gl 1PAH), (C. ©) amberjadk
wﬁ:’mwmﬁ-wmdﬂmut 138 uplL TPAH). (Scale
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