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Keywords: Variation in food intake affects somatic growth by altering the expression of hormones in the somatotropic
Fish endocrine axiz including insulin-like growth factor-1 (GE-1). Here, we examined IGFE-1 pathway responses to
Growth long- and short-term variation in food availability in copper rockfish (Sebastes caurinus), a nearshore Pacific
ﬁ’:‘m’e rockfish important for commercial and recreational fisheries. Juvenile copper rockfish were raised under dif-

fering ration amounts (3% or 9% mass feed¢ ™" fish wet mass-day ™~ *) for 140 d to simulate ‘long-term’ feeding
variation, after which some fish from both rations were fasted for 12 d to generate ‘short-term’ conditions of food
deprivation. Rockfish on the 9% ration treatment grew more quickly than those on the 2% ration and were larger
in mass, length, and body condition (k) after 152 4. Fish on the 9% ration had higher blood glucose than those on
the 3% ration, with fasting decreasing blood glucose in both ration treatments, indicating that both long-term
and short-term feed treatments altered energy status. Plasma IGF-1 was higher in rockfish from the 9% ration
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Ration-induced variation in body size, condition factor (k), and growth rate
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Fig. 1. Mean ( = SEM) values of (a) body mass, (b) standard length, and (c)
body condition factor (k) for juvenile copper rockfish reared under the 9%
(dark squares) or 3% (light circles) ration (% wet wt.) treatments for 140 d, and
then either fasted (dotted line) or continually fed for 12 d (days 140-152).
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Fig. 2. Mean { = SEM) values of specific growth rate (SGR) on day 152 as
calculated by {a) body mass or (b) length. Letters indicate pairwise di fferences
among treatments (Tukey HSD tests).
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Blood glucose
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Fig. 3. Blood glucose concentraton {(mmoll.”*) of juvenile copper rockfish in
the 9% or 3% ration treatments that were fasted or continued to be fed for 12 d
prior to sampling. Values are plotted as mean *= SEM walues. Letters indicate
pairwise differences among the treatments (Tukey HSD tests).
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Plasma IGF-1 varied with nutritional status and growth rate
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Fig. 4. Comparison of mean { = SEM) plasma IGF-1 concentrations in rockfish
across ration and fast/fed treatments. Rocldish in the 9% ration had higher
plasma IGF-1 than fish in the 3% ration, and fasted fish from both ration groups
showed a reduction in plasma IGF-1, but the degree of that IGF-1 decline dif-
fered with prior mDutrional expedence (rationfasting interaction;
F; 4 = 16,683, p = 0.0001). Letters indicate pairwise differences among the
treatments {Tukey HSD tests].
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Fig. 5. Relationships between individual variation in plasma IGF-1 and specific
growth rate (SGR) as calculated by change in (a) body mass or (b) body length
{(SL). Individual wvariation in both mass- and length-SGR, as calculated across the
entire experimental period (152 d), associated positively with individual IGF-1
Condcentratons.
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Fig. 6. Relationships between an individual's plasma IGF-1 concentration and specific growth rate (SGR) as caleulated by grouping fish by long-temm ration treatment
{a and ¢) or fasting or continued feeding (b and d) for the final 12 d. Separate correlation analyses are shown for SGR caleulated by change in body mass (a and b) or
length (SL) (¢ and d). Relationships between SGR and IGF-1 in rockfish grouped by ration treatment had similar slopes but showed relationship discordance as
differing intercepts, while relationships in fish grouped by recent feeding /fasting had similar slopes and intercepts.
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Food ration and fasting experience alter liver gene transcript abundance
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Fig. 7. Liver mRMNA levels for igf] varied with nutritional experience. (a) Liver
igfl mBMN A levels were lower in mockfish reared on the 3% ration treatment than
the 9% raton, and were also mduced by fasting. Data are plotted as
mean = SEM, and letters indicate pairwise differences among treatments
{Tukey HSD tests). (b) Individual variation in liver igfl mBRNA level correlated
positively with plasma IGF-1 concentration {r = O.707, p < 0.0001).
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Fig. 8. Gene transcript abundance for igf2 in the liver of copper rockfish reared
on 4 9% or 3% ration amount for 140 d, and then fed or fasted for an additional

12 d. Fasting resulted in lower liver g2 mRNA abundance in fish reared on the
9% ration, but not the 3% raton. Data are plotted as mean #* SEM. Letters

indicate pairwise differences among treatments (Tukey HSD tests).
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Fig. 9. Relative mRNA levels for IGF binding proteins (Igfbp) type 1, 2, 3 and 5 in the liver. Data are plotted as mean + SEM.
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Food intake regulation of skeletal muscle mRNAs

a) igf1rA b) igf1rB
.. 9%ration . 3% ration 9% ration i 3% ration

— - ' 4= . C

% c 2 i

- A= T 2 kL

% <

2 & b b

= £ 27 ==

2 2

g g "

o e
b b O= T T
@ c@b @ @ .@E'\

1(?} s(b" s\‘b‘p

Fig. 10. Relative mRNA levels for IGF-1 receptors (a) igfIrA and (b) igfIrB in
the skeletal muscle. Transcripts encoding both IGF-1 receptors were elevated in
fish experiencing the reduced, 3% ration amount, and were also elevated in fish
under fasting stress prior to sampling. Data are plotted as mean = SEM. Letters
indicate pairwise differences among treatments (Tukey HSD tests).
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Fig. 11. Gene transcript abundance for {a) gl and (b) #&f2 in the skeletal
muscle. Muscle levels of igf 1 mRNA varied with mitritional experience and were
observed to be at lower abundance in fish reared on the 3% ration compared to
the 9% ration, and in fasted fish of both ration treatments. The abundance of
igi2 mRNAs, however, did not vary in muscle with nutritional experience. Data
are shown as mean * SEM values, and letters indicate pairwise differences
among treatments {Tukey HSD tests).
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Fig. 12. Relative mRNA levels for IGF binding proteins (Igfbp) type 1, 2, 3 and 5 in the skeletal muscle. Data are plotted as mean + SEM.
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