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Abstract - The time-response, dynamics, classification power and relationship with 29 
survival of three muscle-based condition indices were analysed in pre-flexion sea bass 30 
(Dicentrarchus labrax L.) larvae in response to three feeding treatments: fed, non-fed 31 
and late-feeding. Larvae were reared at 19 ± 0.8°C and analysed from the second day of 32 
feeding (6 days after hatching (DAH)) to just prior the flexion stage (21 DAH). The 33 
indices were analysed in trunk muscle at biochemical (RNA/DNA, R/D), histological 34 
(percentage of muscle fibre separation, MFS) and morphometric (size-standardised 35 
body depth at the anus level, DAZ) level. No index was correlated with muscle length in 36 
the fed treatment regardless the period analysed (before or after full external feeding). 37 
The R/D was the only index that could detect past feeding differences in larvae ≤ 13 38 
DAH. For larvae > 13 DAH, MFS, R/D and DAZ in that order, yielded the best 39 
discrimination among treatments. For late-feeding larvae, latency was two days (R/D) 40 
and two-four days (MFS). Dynamics of recovery after food addition was also similar for 41 
R/D and MFS. Significant relationships between muscle growth and R/D or MFS were 42 
only found in larvae > 13 DAH. Both R/D and MFS encompassed the mass mortality 43 
event observed in non-fed larvae at 17 DAH. The DAZ largely failed to give information 44 
on the feeding status.  45 
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1 Introduction 52 
  53 
In the wild, the accumulated subtle action of growth-reducing factors (e.g. suboptimal 54 
feeding) can directly or indirectly explain most of the variation in larval mortality 55 
(Anderson 1988). Condition indices (CIs) are used to monitor physiological status or 56 
growth and operate at any organisation level of the individual. CIs differ in their 57 
sensitivity, latency, or dynamics (sensu Ferron and Leggett, 1994). One of the sources 58 
of variability of a given CI arises from tissular-specificity. The trunk (skeletal) muscle 59 
is a key tissue to study growth processes as it is catabolised during starvation and 60 
accounts for most on the mass increase in larvae of many species (e.g. Pedersen 1990). 61 
At a biochemical level, the RNA/DNA (R/D hereafter) measures the synthetic activity 62 
in the muscle of a growing larva, based on the more stable DNA content per cell with 63 
respect to RNA during metabolic processes (Buckley et al. 1999). At tissular level, 64 
suboptimal feeding decreases the thickness of the muscle fibres (e.g. Catalán and Olivar 65 
2002) and muscle alteration is also reflected as a change in muscle shape (e.g. 66 
Koumoundouros et al. 2001). Size-independence is a must for CIs. This is usually 67 
accomplished by biochemical or histological indices, but not by morphometric indices. 68 
For these, the use of ratios, residuals or PCA (e.g. Suthers, 1992) has tried to remove the 69 
size effects, but have largely failed to do so due to the effects of allometry. 70 
 This work compares three size-independent muscle-based CIs at morphometric, 71 
histological and biochemical levels, in regard to i) their ability to differentiate feeding 72 
conditions of pre-flexion sea bass larvae and ii) encompass growth and mortality in the 73 
laboratory. We chose the sea bass Dicentrarchus labrax L. to compare these CIs, as the 74 
ontogeny, rearing requirements and growth of this species are known (Barnabé et al. 75 
1976; Marangos 1986), as well as the effect of temperature and to a lesser extent food 76 
on muscle growth dynamics (Johnson and Katavic 1986; Bergeron and Person-Le Ruyet 77 
1997; Ayala et al. 2003, López-Albors et al. 2003; Abdel et al. 2004; Alami-Durante et 78 
al. 2006; Catalán et al. 2007; López-Albors et al. 2008 and references cited therein). 79 
  80 
2 Materials and Methods 81 
 82 
Sea bass larvae from a single female of Mediterranean origin were reared at 19 ± 0.8°C 83 
since hatching in a small-scale recirculation system designed for experimental ecology. 84 
The rearing conditions, growth and survival were fully described in Olivar et al. (2000). 85 
Larvae were analysed from 6 to 21 days after hatching (DAH). The feeding treatments 86 
were: “fed” (ad lib), “non-fed” and “late-feeding” (starved individuals which were re-87 
fed from 13 DAH (Table 1). Larvae were randomly sampled from 4l-rearing cylinders 88 
(described in Olivar et al. 2000), using 4 replicates (fed), 3 replicates (non-fed) and 1 89 
replicate (late-feeding). Statistical analyses were performed using Minitab 15 (from 90 
Minitab Inc., U.S.A.). For parametric methods, homoscedasticity was always met. 91 
 92 
 93 
2.1 Selection of size-independent condition indices 94 
 95 
The CIs used embraced an expanded version (one more treatment) of previous 96 
biochemical and histological indices published by the authors (Catalán and Olivar 2002; 97 
Berdalet et al. 2005a), plus a new morphometric CI designed to remove the effects of 98 
size yet accounting for allometry. Larvae were sampled before being fed at 10 a.m. and 99 
stored at -80°C (for R/D) or in 10% phosphate-buffered formalin (rest of the analyses). 100 
Before processing, notochord length (LN), body depth at the anus level (DA) and head 101 
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length (LH) (all in mm) were taken under a binocular microscope. Body measures were 102 
standardised to body muscle length (LM). The LM was measured from the end of the 103 
chleitrum to the end of the notochord (LN-LH). All LM measures were standardised to the 104 
length in the preserving formalin solution, using a conversion based on fresh larvae 105 
measured before and after placing them in that solution for 4 days (unpubl. data). 106 
The R/D was used as biochemical CI. Analyses were performed “mainly” on muscle 107 
tissue of individual defrozen larvae (heads and guts were discarded prior to processing) 108 
and analysed following Berdalet et al. (2005b).  109 
The histological CI was published by Catalán and Olivar (2002) and is based on the 110 
semi-automatic detection of the percentage muscle fibre separation (MFS), applied to 3 111 
µm saggital sections of Historesin (Leica)-embedded trunk muscle containing 4-6 112 
myotomes and died with Lee’s Lee’s methylene-blue basic fuchin. 113 
As morphometric CI, we selected the body depth at the anus level (DA). Size effects are 114 
not important if age is known (Fig. 1a) but it is not the case if age is unknown (Fig. 1b) 115 
as it happens in field samples. To account for allometric effects, the morphological 116 
factor of each individual (DA) was scaled to a common body size of the larval pool to be 117 
analysed (Lleonart et al. 2000). We divided the larvae into two groups to account for the 118 
two-phase growth observed in Fig. 2b. We selected the day at which no remnants of 119 
maternal reserved were observed (13 DAH) as a cut point. Allometry between LM and 120 
DA for each treatment and period was explored by fitting the equation 121 
 122 

b
A a MLD                                                                                                                           123 

 124 
where b is the allometric factor, and a is the expected value of DA at LM = 1. The values 125 
a, b and the standard deviations (in ln-transformed units) were first calculated, and the 126 
existence of allometry tested through a T-test. If significant slopes did not differ from 1, 127 
the ratio DA/LM was used, as ratios are uncorrelated with size in isometric growth. 128 
Otherwise, the DA of each individual was normalised (DAZ) following Lleonart et al. 129 
(2000), according to 130 
 131 

 b1
MM0AAZ
 LLDD                                                                                                           132 

 133 
where LM0 is the selected reference LM and b is the allometric parameter which relates 134 
DA to LM. The slopes of the regressions were compared through GLM on ln-linearised 135 
variables (LM used as a covariate). 136 
 137 
2.2 Comparison of indices 138 
 139 
 The performance of each CI was explored with respect to age for each period 140 
(13 DAH cut point).  141 
The latency (time to a detectable change in condition after a change in food supply) and 142 
dynamics (behaviour of this reaction) (Ferron and Leggett 1994) of each CI were 143 
analysed. Daily among-treatment differences were analysed through ANOVA followed 144 
by Tukey’s HSD in the case of R/D and DAZ, and through Kruskall-Wallis or Mann-145 
Whitney tests for MFS due to the non-normality of the residuals. Their dynamics was 146 
modelled using standard regression analysis.  147 
The “power” of each CI to assign a particular larva to its feeding treatment was assessed 148 
through linear Discriminant Analysis (DA). The DA was applied separately to the two 149 
developmental periods. As the sample size and sampling frequency differed for each 150 
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index, two DA were applied: i) a conservative DA using coincident sampling days and 151 
sample size (scaling down the data by data point elimination to the number of data 152 
points of the CI with the lowest number of observations); ii) a second DA using all 153 
available data. The DA was performed setting a priori classification probabilities 154 
proportional to group sizes and with no cross-validation. 155 
As no estimates of muscle dry weight was available, a volumetric proxy was used to 156 
estimate a daily muscle potential growth (GMP). For each day, it was measured as the 157 
expected absolute (GMP, mm3 day-1) or relative (% GMP) change in average muscle 158 
volume in the following day. The muscle volume was as assimilated to a cylinder 159 
according to 160 
  161 

M2

1

AM )(π LDV                                                                                                                   162 
 163 
where VM is muscle volume (mm3). GMP was calculated as 164 
 165 

-1
121M2MMP )())()((( TTTVTVG   166 

 167 
where T1 and T2 are time 1 and time 2 in days. The GMP was used to estimate VM at the 168 
following day (where gaps > 1 day appeared), and the % GMP was estimated according 169 
to 170 
 171 
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 173 
The average VM, GMP and % GMP were calculated for each day in the subsets of larvae in 174 
Table 1.  175 
The percentage daily mortality (M, % day-1) was calculated as the average percent 176 
larvae dying with respect to the previous day. The correlation (Spearman, rs) between 177 
GMP, % GMP, M and the CIs was explored only in non-fed larvae (the only treatment 178 
showing a mass mortality event, Olivar et al. 2000). Data of larvae < 9 DAH were 179 
discarded because mortality was high and comparable across treatments before that day 180 
(see Olivar et al. 2000). 181 
 182 
3 Results and Discussion 183 
 184 
White fibres make the bulk of the preflexion muscle mass (Alami-Durante et al. 2006), 185 
and they are independent of small temperature differences during pre-flexion stages 186 
(Veggetti et al. 1990; Alami-Durante et al. 2006). Therefore, the skeletal muscle is an 187 
ideal tissue to study the effects of suboptimal feeding. Growth and survival was similar 188 
within replicated treatments (Olivar et al. 2000) and almost no larval mortality occurred 189 
in the fed larvae after 9 DAH. The major developmental events appear in Fig. 2.  190 
 191 
3.1 Size-independence and choice of indices 192 
 193 
The removal of size effects was successful. For any given feeding treatment, there were 194 
no significant differences in the LM (ln-transformed) vs age relationships among groups 195 
of larvae used for the three CIs (GLM, age taken as covariate). For both R/D and MFS, 196 
no significant correlations with LM were observed in fed or non-fed larvae in any period. 197 
However, a positive (R/D: rs = 0.79, n = 14, p < 0.0001) and negative (MFS: rs = -0.70, 198 
n = 24, p < 0.001) correlation was found in the late-feeding larvae. This is considered 199 
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unavoidable in cases of sharp growth increase, and suggests that, in field studies, CIs 200 
should only be used in case of smooth growth functions. The DNA/RNA slope ratio of 201 
the standard curve was 3.965.  202 
For the morphometric index, relationships between DA and LM were significant for the 203 
period ≤ 13 DAH, (fed: Ln DA = 1.015 · Ln LM - 2.837, F1,41, p < 0.005; non-fed: Ln DA 204 
= 0.698 · Ln LM – 2.413, F1,24, p < 0.05). The lack of among-treatment significance in 205 
slopes or means (GLM) enabled pooling the groups for that first period. For larvae > 13 206 
DAH, only the DA of non-fed larvae was uncorrelated with LM. The remaining groups 207 
were significantly related (fed: Ln DA = 1.827 · Ln LM  – 4.019, F1,66, r

2 = 0.923, p < 208 
0.05; non-fed: Ln DA = 1.832· Ln LM – 4.00, F1,23, p < 0.05). As no significant 209 
differences in slopes or means between fed and late-feeding larvae were found (GLM) 210 
and non-fed larvae had a very short size range (Fig. 1b), larvae were pooled for this 211 
period too (Fig. 1c). Slopes of the pooled groups differed between the two periods 212 
(GLM; slopes: F1,184, p < 0.05). Growth of DA was isometric (H0: β = 1, p = 0.56) in 213 
larvae ≤ 13 DAH, so ratios were derived to obtain DAZ. Larvae > 13 DAH showed a 214 
strong allometric development (Fig. 1c), hence the method by Lleonart et al. (2000) was 215 
applied to obtain DAZ, selecting a LM0 of 5 mm LM, which was the mean of the LM 216 
distribution for all treatments. The resulting DAZ values showed no correlation with LM 217 
in the control group for any of the periods. 218 
  219 
      220 
 221 
3.2 Comparison of indices properties 222 
 223 
3.2.1 Latency and dynamics  224 
 225 
In Fed larvae, all CIs but R/D were stable through age and developmental period (Fig. 226 
2). Non-fed larvae tended to show lower mean R/D values with respect to fed larvae 227 
(Fig. 2a). The MFS of non-fed larvae remained low until 10 DAH, increasing rapidly 228 
afterwards (Fig. 2b), which implies a similar latency to that of R/D (7-10 days). The 229 
concurrent decrease in mean R/D values in fed (-30%) and non-fed (-54%) larvae until 230 
10 DAH was due to a higher increase rate in DNA content prior to that day (93% in fed, 231 
-1% in non-fed), which has been observed elsewhere (Bergeron and Person-Le Ruyet 232 
1997), coupled to comparatively lower RNA figures (34 % in fed, -53% in non-fed). 233 
This might be related to high hyperplastic activity (Veggetti et al. 1990; Alami-Durante 234 
et al. 2006) occurring at the expense of maternal reserves. Data on DAZ was difficult to 235 
interpret in terms of latency for the non-fed larvae (Fig. 2c). For late-feeding larvae, 236 
latency for mean R/D was 2 days, whereas for median MFS was 2-4 days (Fig. 2a,b). 237 
Latency values for mean DAZ could not be computed (Fig. 2c). 238 
 The R/D dynamics of non-fed larvae showed a constant decrease from 6 DAH, except 239 
for an increase on days 13 and 14 (Fig. 2a). In these days, a high DNA content was 240 
detected in some larvae (not shown) but the cause for this is unknown. The recovery 241 
dynamics for R/D was of 1.8 R/D units day-1 (late-feeding) (y = 1.81x-23.181, r2 = 0.80, 242 
p < 0.0001) between 14 and 16 DAH, day after which values were similar to those of 243 
fed larvae. The values of R/D latency and dynamics are similar to those observed by 244 
other authors (Buckley et al. 1999). For MFS, dynamics of late-feeding larvae showed a 245 
linear decrease of 1% day-1 between 14 and 19 DAH (y = 19.65 - 0.95x, r2 = 0.51, p < 246 
0.01). Dynamics of DAZ of late-feeding larvae showed a slight increasing trend between 247 
14 and 21 DAH (y =0.007 x + 0.221, r2 = 0.21, p < 0.05), with mean values often above 248 
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those of fed larvae (Fig. 2c), although daily differences between treatments could not be 249 
established. 250 
 251 
3.2.2 Classification performance 252 
 253 
The R/D was the only CI able to detect feeding differences in larvae ≤ 13 DAH, 254 
correctly classifying up to 69% of fed and 77% of non-fed larvae (Table 2). In larvae > 255 
13 DAH, MFS and R/D (in this order according to their Wilks’ Lambda values) yielded 256 
the best discrimination. High discrimination values (over 78%) were achieved by R/D 257 
and MFS for fed and non-fed larvae (Table 2), whereas for late-feeding larvae these 258 
values were low (maximum of 37% by the MFS). Late-feeding larvae were confounded 259 
with fed larvae by R/D, and with any other group by MFS. In general, the DAZ was not 260 
able to significantly ascribe the larvae to their feeding group, although a slight (high 261 
Wilks’ value) significant discrimination for fed larvae was observed only when all 262 
larvae > 13 DAH were used.  263 
 264 
3.2.3 Relationship with potential muscle somatic growth and mortality 265 
 266 
In larvae ≤ 13 DAH, no significant correlation was found between any CI and GMP or % 267 
GMP. In larvae > 13 DAH, high R/D values were related to high GMP (Table 3). The 268 
MFS only correlated to GMP when all larvae > 13 DAH were used. Correlations with % 269 
GMP were not significant for any index. The DAZ showed no clear relationship with 270 
potential growth. Mortality rates were below 5% before 17 DAH. At 17 DAH, M was 271 
9.3%, marking the initiation of the starvation-induced mass larval mortality (Fig. 2). 272 
Correlations of CIs of non-fed larvae with M were significant for R/D and MFS (Table 273 
3) but could not be computed for DAZ due to the size standardisation method. However, 274 
from Fig 2c it can be inferred that there was not a relationship between DAZ and survival 275 
in the non-fed larvae.  276 
In general, the relationships between good values of R/D and MFS and high growth 277 
rates supports the suitability of these indices for field studies in the frame of the growth-278 
mortality hypothesis (e.g. Anderson 1988). Further, the comparable relationship of R/D 279 
and MFS with M suggests that these indices are not only related to growth but to 280 
starvation-induced physiological thresholds directly causing mortality. This, however, 281 
was not the case for DAZ, which did not encompass the mass mortality event (Fig. 1a). 282 
Further work on the effect of suboptimal feeding on muscle development at different 283 
time scales in a frame of physiological ecology is guaranteed. 284 
 285 
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 397 
 398 
Table 1. Number of larvae used for each index/day/feeding treatment. Late-feeding 399 
started at 13 days after hatching (DAH). The feeding scheme is in Olivar et al. (2000) 400 
 401 
 402 
 403 
 404 
 405 

 406 
 407 
 408 
 409 
 410 
 411 
 412 
 413 
 414 
 415 
 416 
 417 
 418 
 419 
 420 
 421 
 422 
 423 
 424 
 425 
 426 
 427 
 428 
 429 
 430 
 431 
 432 
 433 
 434 
 435 

  Time (DAH) Total n 
Index Treatment 6 8 10 11 12 13 14 15 16 17 18 19 20 21  
R/D Fed 5 6 5 4 4 5 4 6 3 8 6    56 
 Non-fed 6 5 6 4 2 3 4 2 1 3 6    42 
 Late-feeding - - - - - - 2 3 1 4 4    14 
MFS Fed 5  2    5   5  5  5 27 
 Non-fed 6  5    5   5  5  2 29 
 Late-feeding - - - - - - 4   5  3  4 16 
DAZ Fed 12 6 7 8 6 4 7 8 9 10 9 8 9 8 111 
 Non-fed 6 4 4 4 4 4 3 3 4 3 5 3 2 1 50 
 Late-feeding - - - - - - 4 3 2 4 4 3 3 4 27 
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 436 
 437 
Table 2. Results of the linear discriminant analysis (DA) for each condition index 438 
before (larvae ≤ 13 days after hatching, DAH) and after (larvae > 13 DAH) the total 439 
exhaustion of maternal reseves. DA was applied using 1) common sample size (n) and 440 
sampling days, and 2) using all the larvae. F = fed; NF = non-fed; LF = late-feeding; % 441 
corr = percent correct classification; NS = not significant; W = Wilks’ lambda. 442 
Significance was set after an F test, for which the degrees of freedom and the 443 
significance level are indicated. 444 
 445 
    Larvae ≤ 13 DAH  Larvae > 13 DAH 
 Condition 

index 
Treatment  Classification into 

groups 
Class. Functions 
(coefficient; 
constant) 

Overall 
significance 

 Classification into groups Class. Functions 
(coefficient; 
constant) 

Overall 
significance 

    F  NF % 
corr. 

   F      NF  LF % 
corr. 

  

S
am

e 
n 

an
d 

da
ys

 

 
R/D 

F 
NF 
DF 

 6 
2 
- 

4 
5 
- 

60.0 
71.4 
- 

1.518; -5.272 
0.963; -2.796 
- 

W = 0.74 
F1,15  
p <0.05 

 12 
3 
6 

2 
6 
2 

0 
0 
0 

85.7 
66.7 
0.0 

2.322; -7.860 
1.189; -3.090 
2.099; -7.127 

W = 0.594 
F2,28 
p <0.001 

 
MFS 

F 
NF 
DF 

 - 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

W = 0.987 
F1,15  
p = 0.66 NS 

 14 
0 
3 

0 
7 
2 

0 
2 
3 

100.0 
77.0 
37.5 

0.177;-0.867 
1.761; -8.297 
0.917;-3.266 

W = 0.31 
 F2,28 
p <0.0001 

 
DAZ 

F 
NF 
DF 

 - 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

W= 0.99 
F1,15 
p = 0.81 NS  

 - 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

W = 0.924 
F2,28 
p = 0.33 NS 

A
ll

 la
rv

ae
 

 
R/D 

F 
NF 
DF 

 20 
6 
- 

9 
20 
- 

69.0 
76.9 
- 

1.569; -5.444 
1.086; -3.049 
- 

W = 0.81 
F1,53  
p <0.001 

 23 
1 
8 

0 
2 
5 

4 
13 
1 

85.2 
81.3 
7.0 

2.627; -9.458 
1.030; -2.609 
2.033; -6.618 

W = 0.455 
 F2,54 
p <0.0001 

 
MFS 

F 
NF 
DF 

 - 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

W = 1.00 
F1,16  
p = 0.99 NS 

 20 
0 
8 

0 
14 
2 

0 
4 
6 

100.0 
77.8 
37.5 

0.165; -1.066 
1.597; -7.889 
0.614; -2.220 

W = 0.328 
F2,51 
p <0.0001 

 
DAZ 

F 
NF 
DF 

 - 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

W = 0.991 
F1,67  
p = 0.437 NS 

 68 
23 
26 

0 
1 
0 

0 
0 
0 

100.0 
4.2 
0.0 

325.234;-55.927 
310.264; -51.947 
334.140; -60.001 

W = 0.941 
 F2,115 
p <0.05 

 446 
 447 
 448 
 449 
 450 
 451 
 452 
 453 
 454 
 455 
 456 
 457 
 458 
 459 
 460 
 461 
 462 
 463 
 464 
 465 
 466 
 467 
 468 
 469 
 470 
 471 
 472 
 473 
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Table 3. Spearman rank-correlation (rs) results between each condition index and daily 474 
potential muscle growth (GMP , mm3 day-1), daily percentage potential muscle growth 475 
(% GMP) and daily mortality (M, % day-1), using either a common sample size n and 476 
sampling dates or all larvae for the obtention of the mean values of the condition 477 
indices. For GMP and % GMP, only larvae > 13 days after hatching (DAH) are used. For  478 
correlations with M, only non-fed larvae are used. N. points refers to the total data 479 
points used for correlation. Av. larv/point is the average number of larvae used for each 480 
data point.  481 

 482 
 483 
 484 
 485 
 486 
 487 
 488 
 489 
 490 
 491 
 492 
 493 
 494 
 495 
 496 
 497 
 498 
 499 
 500 
 501 
 502 
 503 
 504 
 505 
 506 
 507 
 508 
 509 

  Common n and days All larvae 
 Larval 

Subset 
rs N. 

points 
Av. 
larv/point

p rs N. 
points 

Av. 
larv/point 

p 

R/D vs GMP > 13 DAH 0.88 6 3.3 <0.05 0.69 12 3.4 <0.05 
MFS vs  GMP > 13 DAH -0.54 6 3.3 0.27 -0.91 9 4.8 <0.001
DAZ  vs  GMP > 13 DAH 0.14 6 3.3 0.74 0.08 21 5 0.737 
          
R/D vs % GMP > 13 DAH 0.26 6 3.3 0.62 0.55 12 3.4 0.06 
MFS vs % GMP > 13 DAH -0.20 6 3.3 0.70 -0.53 9 4.8 0.139 
DAZ vs % GMP > 13 DAH 0.03 6 3.3 0.95 0.26 21 5 0.263 
          
R/D vs M Non-fed -0.60 4 3.7 <0.05 -0.47 9 3.6 <0.01 
MFS vs M Non-fed 0.58 4 3.7 <0.05 0.41 5 5.4 0.051 
DAZ vs M Non-fed - - - - - - - - 
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Figure captions 510 
 511 
Fig. 1. Evolution of body depth at anus level (DA) among feeding treatments vs age (a) 512 
and body muscle length (LM) (b). In (c), fitted regressions to both developmental groups 513 
are shown. For larvae ≤ 13 DAH: Ln DA = 0.920 · Ln LM  - 2.711 , F1,67, r

2 = 0.33, p < 514 
0.05. For larvae < 13 DAH: Ln DA = 1.839 ·Ln LM - 4.045, F1,116, r

2 = 0.93, p < 0.001. 515 
Filled circles are fed treatment, open circles are non-fed treatment, triangles are late-516 
feeding treatment. In (a), values are means ± 1 SE and, for a given day, significant 517 
differences among treatments are indicated by different letters (p < 0.05), using either t-518 
tests (2 groups) or ANOVA (3 groups) with HSD for unequal number of observations.  519 
 520 
Fig. 2. Relationship between percentage survival of non-fed larvae and the biochemical 521 
(a), histological (b) and morphometrical (c) condition indices for that treatment. 522 
Symbols, color codes and statistical tests as for Fig. 1, except for MFS, for which values 523 
are medians, errors are interquartilic ranges, and statistics are non-parametrical (Mann-524 
Whitney for 2 groups and Kruskall-Wallis for 3 groups). The feeding scheme is 525 
indicated: R= rotifers, A0 = Artemia nauplii, A1= 1 day-old Artemia metanauplii.  526 
 527 
 528 
 529 
 530 

 531 

 532 

 533 

 534 
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FIGURE 1
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 542 FIGURE 2 

4 6 8 10 12 14 16 18 20 22
0

10
20
30
40
50
60
70
80
90

100

a

a

b

a

a

b
*

a

a

b

ba

a

b

a

a

b

a

b

a

0

2

4

6

8

10

a

b

c

R A0 A1

End of yolk End of oil globule

Age (DAH)

R
/D

M
FS (%

)
B

D
A

Z

0

2

4

6

8

10

12

4 6 8 10 12 14 16 18 20 22
0

10
20
30
40
50
60
70
80
90

100

b*

a

a

a
a

b

b

a
a

b

b

a

4 6 8 10 12 14 16 18 20 22
0

10
20
30
40
50
60
70
80
90

100

bb

ab

b

a
a

ab

b

a

b

ab

a

0.05

0.06

0.25

0.30

0.35

0.40

0.45

%
 s

ur
vi

va
l(

no
n-

fe
d)

% Survival

% Survival

% Survival

%
 s

ur
vi

va
l(

no
n-

fe
d)

%
 s

ur
vi

va
l(

no
n-

fe
d) D

A
Z

.CC-BY-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted July 31, 2015. ; https://doi.org/10.1101/023630doi: bioRxiv preprint 

https://doi.org/10.1101/023630
http://creativecommons.org/licenses/by-nd/4.0/

