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ABSTRACT 

Northern anchovy larvae from12 samples collected a t  13.0"-16.2" C in the Southern California Bight 
were aged using daily growth increments in sagittal otoliths, and growth rates were calculated from 
size at  age data. In nine samples, growth rate at 8 mm was very similar, ranging from 0.34 to 0.40 mm 
per day. Growth in the other three samples ranged from 0.47 to 0.55 mm per day. There was no 
correlation between growth rate and temperature within this set of field samples, but the range of 
growth rates was similar to the range expected from laboratory rearing experiments in this tempera- 
ture domain. In no case was growth in the sea as slow as growth in the laboratory on severely limited 
rations. Anchovy larvae which obtain enough food to survive apparently obtain enough food to grow 
rapidly. 

The presence of daily growth increments in some 
hard tissues of various plants and animals has 
been known for several decades (Neville 1967). 
Despite the fact that  fish otoliths have been 
examined for annual growth marks throughout 
this century (Blacker 19741, daily growth incre- 
ments were only recently identified in fish (Pan- 
nella 1971). The daily nature ofthese increments 
was verified in the laboratory by Brothers et al. 
(1976) using marine fish larvae. Taubert and 
Coble (1977) showed that increment formation in 
centrarchids is linked to the diel light cycle, not a 
feeding rhythm. Although studies have been con- 
ducted on the gross growth of otoliths (Degens et 
al. 1969; Mugiya 1974, 1977) the physiological 
mechanism responsible for daily growth incre- 
ment formation in fish is unknown (Simkiss 1974). 
Regardless, daily growth increments provide the 
ecologist with a tool for determining age and 
growth of specimens from the field (Struhsaker 
and Uchiyama 1976). 

The objective of this project was to estimate 
growth of larval northern anchovy, Engraulis 
mordax, in the sea. Many laboratory studies dem- 
onstrate that growth of young fish is limited by 
temperature and ration (Riley 1966; Brett et al. 
1969; OConnell and Raymond 1970; Houde 1975). 
Because food availability is frequently considered 
to be one of the major factors controlling larval 
survival (Cushing and Harris 1973; Jones 1973; 
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May 1974; Lasker 1975; Arthur 1976), growth in 
the sea may frequently be limited by food. How- 
ever, when collections ofmeasured larvae are used 
for indices of spawner abundance or larval mortal- 
ity studies, growth is assumed to be constant 
(Houde 1977) or a function solely of temperature 
(Bannister e t  al. 1974). Determining growth rates 
of larval fish in the sea should resolve this con- 
tradiction between theoretical and applied fishery 
science. 

Anchovy larvae can be reared to metamorphosis 
and beyond in the laboratory (Kramer and Zweifel 
1970; Hunter 1976; Sakagawa and Kimura 1976). 
Growth in these experiments was described best 
by the Gompertz growth equation, equation 1 
(Kramer and Zweifel 1970; Zweifel and Lasker 
1976). The effect of temperature on embryonic de- 
velopment and larval growth was incorporated by 
making the Gompertz growth parameters, A, and 
(Y, increasing functions of temperature (Zweifel 
and Lasker 1976; Zweifel and Hunter2). We com- 
pared the size a t  age of anchovy larvae in each field 
sample with that predicted by this temperature 
dependent model of anchovy growth in the 
laboratory, assuming that the temperature mea- 
sured a t  the time of collection represented the 
temperature experienced by the larvae through- 
out their lifetimes. 

ZZweifel, J. R., and J. R. Hunter. Temperature specific equa- 
tions forgrowth and development ofanchovy,Engroulis mordax, 
during embryonic and larval states. (Manuscr. in prep.) 
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P.O. Box 271, La Jolla, CA 92038. 
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All fish eggs and larvae were sorted from the 
plankton samples chosen for analysis and anchovy 
larvae were processed in a manner similar to that 
described by Brothers et al. (1976). The standard 
length, tip of snout to tip of notochord or hypural 
plates, of each larva was measured to the nearest 
0.1 mm. Sagittae were removed and placed on a 
microscope slide with the lateral (flat) side up. A 
polarizing filter and analyzer in the dissecting 
microscope made the otoliths more visible during 
dissection. The slide was air-dried and the otoliths 
were mounted under a coverglass with a clear 
mounting medium (Pro-texx3). Daily growth in- 
crements were counted in otolith images on a 
video screen; the total magnification by the micro- 
scope and video camera was 600 x or 1,500 X.  Each 
otolith was counted by 1-3 observers until the 
range of accepted counts for the two otoliths was 
52 .  Accepted counts were averaged over all ob- 
servers and both otoliths. 

The shrinkage of sea-caught larvae in preserva- 
tive (Blaxter 1971) and the lag between hatching 
and first increment formation must be considered 
before comparing the size a t  age of sea-caught 
larave with laboratory-reared larvae. Shrinkage 
of anchovy larvae depends upon the elapsed time 
between death and preservation (Thei1acke1-4). 
There is no shrinkage when live larvae are placed 
directly into ethanol but a 5-15 mm larva could 
shrink about 0.6 mm ifdead throughout the 6 min 
duration of the net tow. No shrinkage correction 
was applied because the elapsed time between 
death and preservation probably was <6 min and 
highly variable. Anchovy larvae tend to stay 
above the thermocline (Ahlstrom 1959) so are cap- 

METHODS 

Ichthyoplankton samples were collected from 
the Southern California Bight in March 1976, 
May 1976, and March 1977 with the NOAA ship 
David Starr Jordan. The sampling gear consisted 
of a CalCOFI (California Cooperative Oceanic 
Fisheries Investigations) ring net (1 m mouth 
diameter), MARMAP (Marine Resources, Moni- 
toring, Assessment, and Prediction Program) 
Bongo net (60 cm mouth diameters), and a Manta 
neuston net; all with 505 pm mesh. Oblique tows 
were made from the depth indicated in Table 1 to 
the surface. Samples were drained of excess sea- 
water and preserved in 85% ethanol. (Recently we 
found that preservation is greatly improved if the 
alcohol is changed at least once after initial pres- 
ervation; the otoliths may dissolve in poorly pre- 
served samples with large plankton volumes. We 
change it once within 24 h and again within a few 
weeks.) Surface temperatures were measured 
with a bucket thermometer, and vertical tempera- 
ture profiles were obtained with expendable 
bathythermographs. 

The 12 samples analyzed in this study are from a 
limited part of the spawning range of the northern 
anchovy, but the Southern California Bight in 
March is an important spawning area for the cen- 
tral population of the anchovy (Smith 1972). Sam- 
ples A1-A3 and B1 were collected near Los 
Angeles and the Channel Islands in 1976 (Figure 
1) and were selected because of the wide size range 
of anchovy larvae found in each. Samples C1 and 
C2 were collected in this same region in March 
1977. They were selected to represent the widest 
temperature range possible. Samples Dl-D6 were 
collected in March 1977 along a transect extend- 
ing seaward from San Diego and were the only 
samples containing anchovy larvae on this tran- 
sect. Additional station data are in Table 1. 

' 
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TABLE 1.-Data on samples oflarval northern anchovy taken from the Southern California 
Bight, spring 1976 and 1977. 

Sarnole Date Time Lal. N Lona. W Gear fml ture PCI N 
Depth Tempera- 

A I  
A2 
A3 
B1 
c1 
c 2  
D6 
D1 
D2 
D3 
04  
D5 __ 

29 Mar 1976 
31 Mar 

8 May 
20 Mar 1977 
24 Mar 
27 Mar 
27 Mar 
27 Mar 
28 Mar 
28 Mar 
28 Mar 

1 A p  

2150 
2205 
1850 
1835 
1915 
2320 
0235 
1830 
2100 
0140 
0405 
0630 __ 

3Y35.9' 117"56.6' 
3T43.5' 118"28.0' 
3Y42.0' 118"20.5' 
33'27.5' 11W40.0' 
3Y30.3' 11W01.5' 
33O29.4' 11754.1' 
32-41.5' 119"OI 5' 
3T000'  11P12.0' 
3P05.8' 11W55.0' 
3T28.8' 118"35.0' 
32"39.5' 11P59.5' 
3T47.0' 11738.5' 

Ring 10 158 
Ring 5 150  
Ring 5 1 5 0  

Manta 0 1 6 2  
Bongo 70 15 1 
Bongo 70 130 
Ring 70 1 3  2 
Ring 70 140 
Ring 70 14 0 
Ring 70 1 4 4  
Ring 70 152  
Ring 70 15 i 

106 
38 
29 

146 
35 

112 
18 
13 
25 
18 
22 
25 - 
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FIGURE 1.-Sampling sites for north- 
ern anchovy larvae off southern 
California. Box indicates the region 
shown in detail in Figure 4. 
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tured primarily during the last 1 or 2 min of an 
oblique tow, and some large larvae were still alive 
a t  the time of preservation. 

Brothers et al. (1976) found a 5-day difference 
between posthatch age and number of increments 
for anchovy larvae reared in the laboratory at  16" 
C. At 19" C the lag is 3 days and a t  12.5" C it is 
about 9 days (Methot unpubl. data). These lags are 
very close to the age a t  completion of yolk absorp- 
tion (19" C, 2.9 days; 16" C, 4.7 days; 12.5" C, 8 
days-Zweifel and Hunter (see footnote 2)); the 
larvae are about 4.2 mm at this age. Since de- 
velopmental events, such as a functional jaw, 
occur a t  a constant size at  all temperatures in this 
range (Zweifel and Lasker 19761, we assume that 

34ON 

33"N 

8Z0N 

increment formation also begins a t  a constant size 
of 4.2 mm at  all temperatures. The number of 
increments represents the age in days after yolk 
absorption. 

RESULTS 

Standard length of each larvae in a sample was 
plotted against the mean number of increments 
(Figure 2). Each data point represents the integral 
of the growth rate of an individual larva over its 
lifetime, and a trend line through these points 
estimates the average growth history of larvae in 
the region sampled. Possible biases in this esti- 
mate of growth rate are discussed below. 
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1970). We found these confidence intervals  to  be 
rather  broad. 

We tested the  goodness of fit by us ing  a modifica- 
t ion of t h e  median regression procedure of Ta te  
and  Clelland (19571, replacing their  es t imated  re- 
gression l ine by t h e  laboratory derived Gompertz 
growth curve specified by ou r  nul l  hypothesis. 
Only curves a t  1" C intervals  were considered. 
Each l a rva  in  a sample was classified into a 2 x 2 
contingency table,  according to  whether  i t  was to 
the  left o r  r ight  of t he  median age  of larvae in  the  

2 -  

According to  t h e  null  hypothesis, t h e  laboratory 
growth curve corresponding to t h e  tempera ture  at 
which t h e  sample  was t aken  should provide the  
best fit to t h e  da t a .  A sui table  paramet r ic  proce- 
du re  for tes t ing this  goodness of fit was  not avail-  
able .  T h e  non l inea r  l ea s t - squa res  method for 
fi t t ing t h e  Gompertz growth function to  size at age 
d a t a  (Zweifel and  Lasker  1976) does provide esti- 
mates  of confidence intervals  on t h e  parameters ,  
bu t  t h e  probability levels associated with these 
intervals  are only approximate (Conway e t  al. 

- 
O O 1  I I 1 I , ; '  1 I , :  2 0  25 

I 1 I I I I I I 

T FITTED/ 

- . 15OoC 
2 -  
- 

OO 2I 20 25 

2 -  

- 130°C 

I I I 1  I '  
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D3 
14.4.C 

FIGURE 2.-Relationship between standard length of northern anchovy larvae and the number of daily growth increments (age p tyolk  
absorption) in their otoliths. Two growth curves are shown. One (LAB) is the laboratory growth curve which was expected to fit the data 
because of the temperature at which the sample was collected. The other (FITTED) was fit to the data using a nonlinear least-squares 
method. 

sample and whether it was above or below the 
laboratory growth curve (line labelled LAB in 
Figure 2). Points which fell on lines were split 
equally between the cells on either side of the line. 
A chi-square statistic with 2 degrees of freedom 
was calculated using the expectation of equal 

numbers of larvae in each cell of the table. The 
results of these tests are in Table 2. 

In general, larvae,collected between Los 
Angeles and the Channel Islands in March 1976 
(samples A1-A3) grew slower than expected while 
those collected there in March 1977 (Cl, C2) grew 
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TABLE Z.-Results of chi-square test of the  hypothesis (see text) that  tempera- 
turespecific growth in the  northern anchovy is the same in sea and laboratory 
(A-E) and the parameters of the Gompertz growth curve fit to the data in each 
sample (F-I). A, sample size; B, surface temperature in degrees Celsius; C,  
growth curve compared with data;  D, probability that  growth curve fits data; E, 
sign of significant deviations (0.05 level) from laboratory curve; F and G, Gom- 
pertz parameters, A, and a; H, standard error of regression; I,  growth rate a t  8 
mm (in millimetersiday). Last row shows results for combined data (samples 
with *). 

Samole A B C D E F G H I  
Al' 
A2' 
A T  
E31 
c1 
c2 
D6' 
D1' 
02' 
D3' 
04. 
D5' 

106 
38 
29 
146 
35 
112 
18 
13 
25 
18 
22 
25 

15 8 
15 0 
15 0 
16 2 
15 1 
130 
13 2 
14 0 
14 0 
14 4 
15 2 
15 1 

16 
15 
15 
16 
15 
13 
13 
14 
14 
14 
15 
15 

0 001 
0 01 

.025 
0 001 

.0001 
0 001 
0 001 
0 25 
0 025 
0 25 

.o 10 
0 25 

- 0060 
- 0059 
0 0067 
+ 0093 
+ 0089 
4 0080 

0067 
0 0061 
+ 0068 
0 0059 
0 0061 
0 0064 

0 063 

0 024 
0 025 
0 029 
0 037 
0 038 
0 033 
0 029 
0 024 
0 029 
0 025 
0 027 
0 027 
0 027 

faster than expected. The larvae collected in 
March 1977 along the transect extending seaward 
from San Diego (Dl-D6) grew about as fast as 
expected, given the surface temperature a t  which 
the sample was collected. 

Since the data in 7 of 12 samples deviated sig- 
nificantly from the predicted Gompertz growth 
curve, we fit the Gompertz growth function 
(Zweifel and Lasker 1976) 

A" log, ( S L )  = log, (SL,) + (1 - e - " ' )  ( 1 )  

where SL = standard length in millimeters 
t = number of increments = age in 

days postyolk absorption 
- initial size, fixed at 4.2 mm 

A,, a = parameters to be estimated 
SL - .  . '  

to each using a nonlinear least-squares method 
(Conway et al. 1970). 

The parameters of the fitted curves (Table 2) 
were used to calculate a linear approximation of 
the growth rate of 7.5-8.5 mm anchovy larvae 
(Figure 3). The range ofgrowth rates among the 12 
samples collected at  13"-16.2" C was bounded by 
the growth rates of anchovy larvae grown in the 
laboratory a t  14" and 17.5" C. Growth was very 
similar in all but three samples (Bl ,  C1, C2) al- 
though the temperatures associated with these 
nine samples spanned a range of 2.5" C. The 
growth rate of 8 mm larvae calculated from a 
Gompertz curve fit to the combined data of the 
nine similar samples was 0.37 mm/day. The mean 
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FIGURE 3.-Relationship between growth rate  (millimeters/day 
a t  8 mm) and temperature for northern anchovy larvae from the 
field (bare symbols) and in the  laboratory (circled symbols). Field 
samples, this study, AI-D6; composite of nine field samples, B1, 
C1, and  C2 not included, Q; Hunter 1976, laboratory-reared 
prey, H; Kramer and Zweifel 1970, wild plankton for food, K; 
Lasker e t  al. 1970, dinoflagellates only, LD, dinoflagellates plus 
veliger, LV; Sakagawa and Kimura 1976, S; unpubl. da ta  avail- 
able at Southwest Fisheries Center, low temperature experi- 
ment, E, periodic starvation experiment, F.  Curve was derived 
from the model of Zweifel and Hunter (see text footnote 2); i t  was 
not fit to t h e  growth rate data presented here. 

temperature of these nine samples (weighted by 
number of larvae) was 15.04" C. The model of 
Zweifel and Hunter (see footnote 2) predicts that 8 
mm larvae reared a t  15" C would grow at  0.395 
mmtday. 
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Standard deviation of log, (size) a t  age, calcu- slowed sufficiently by low temperature. We 
lated from the set of combined data, ranged from 
0.045 at  4 increments to 0.144 at  19 increments 
with a mean of 0.0904. The standard error of re- 
gression (standard deviation of residuals) of the 
Gompertz curves fit to the data (Table 2 )  were 
similar to these estimates of standard deviation of 
size a t  age. Any difference in growth rate between 
these samples, small scale environmental hetero- 
geneity integrated by our nets, or random error in 
the aging ofthe larvae causes the standard error of 
regression to overestimate variability in the 
growth process. Over the same age range in a 
laboratory experiment (Hunter 1976), standard 
deviation ranged from 0.064 to 0.153 with a mean 
of 0.115. 

EVALUATION OF POTENTIAL BIASES 

The conditions under which larvae are reared 
and growth is measured in the laboratory may 
differ sufficiently from conditions in the sea to bias 
the comparison ofgrowth in the sea with growth in 
the laboratory. In the laboratory, growth is esti- 
mated from a time series of samples from a cohort. 
The exact age of each larva is known; temperature 
rarely varies >1T; prey concentration is rather 
constant; and mortality is low (about 3%/day in 
Hunter 1976) and except for cannibalistic species, 
not influenced by size-selective predation. Growth 
of sea-caught larvae is estimated from one sample 
containing larvae of several ages. The age of each 
is estimated from the number of daily growth in- 
crements in its otoliths, the environmental condi- 
tions are measured only when the sample is taken, 
mortality is over 10%/day (Smith and Lasker 
1978) and probably size selective, and large larvae 
avoid the net disproportionately. 

Age Determination 

Anchovy larvae deprived of food at the normal 
time of first feeding may delay deposition of daily 
growth increments until food is provided and 
growth resumes (Theilacker5), but if larvae are 
still about 4.2 mm when the first increment ap- 
pears, estimates ofthe growth rate of larger larvae 
will be unaffected. Taubert and Coble (1977) found 
that  increment formation in late larval and 
juvenile centrarchids stopped if growth was 

5G. H. Theilacker, Southwest Fisheries Center La Jolla 
Laboratory, NMFS, NOAA, P.O. Box 271, La Jolla, CA 92038, 
pen.  commun. June 1978. 

examined the otoliths of some anchovy larvae 
whose growth was drastically retarded by a reduc- 
tion in rations (Methot unpubl. data) ( F  in Figure 
3). The slowest growing of these larvae had fewer 
increments than expected, so increment formation 
can stop before the point of no return is reached. 
However, if we use number of increments rather 
than known age to estimate growth rate of these 
laboratory-reared larvae, the resulting overesti- 
mated growth rate is still slower than that ob- 
served in any field samples used in this study. We 
conclude that the sea-caught larvae were growing 
fast enough to deposit a growth increment every 
day. 

Temperature Determination 

Anchovy larvae usually remain above the 
thermocline (Ahlstrom 1959), so surface tempera- 
ture probably accurately represents the tempera- 
ture they experience. Growth was slower than ex- 
pected in March 1976, but i t  is unlikely that the 
surface temperature overestimated the tempera- 
ture experienced by the larvae because these sam- 
ples were all collected shallower than 10 m (Table 
1). Positive deviations in growth rate, equivalent 
to a temperature change of up to 3" C, were ob- 
served in March 1977, but additional temperature 
data collected a t  that time indicate that the mea- 
sured surface temperature accurately represented 
the temperature experienced by the larvae 
throughout their lifetimes. The relative surface 
temperature field determined from satellite ob- 
servations of infrared radiation (Bernstein et al. 
19771, taken just before and after this 2-wk cruise, 
was entirely consistent with the temperature field 
measured during the cruise; there was no cooling 
trend. The resolution of the satellite observations 
was insufficient to distinguish details of the eddy 
structure in the region of samples C1 and C2, but 
here the greater intensity of surface 'temperature 
determinations allowed contouring of isotherms 
for the first 4 days of the cruise and the next 5 days 
(Figure 4). Samples C1 and C2 were taken within 
persistent water masses of about 10 km width, not 
in regions with steep horizontal gradients in tem- 
perature. Because of the shallow thermocline in 
this region (<5  m at  some stations), we may have 
overestimated the temperature experienced by 
the larvae but this would cause a negative devia- 
tion from the model, not the observed positive de- 
viations. 
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FIGURE I.-Surface isotherms in de- 
grees Celsius between Los Angeles and 
Santa Catalina Island, Calif., in March 
1977. 

FISHERY BULLETIN: VOL. 71, NO. 2 

IIBOW 

33"3ti 

Selective Mortality 

If mortality rate is a function of size, then 
growth rates determined from size a t  age data will 
provide a biased estimate ofthe true growth rate of 
the survivors which are sampled (Ricker 1969). 
The effect of size selective mortality on our esti- 
mates of growth is difficult to assess. Few sets of 
data are extensive enough to even consider the 
question of ontogenetic changes in mortality rate 
of larval fish. All available estimates are based 
upon sized but not aged specimens. They depend 
upon an assumed growth curve (Farris 1960) and 
are susceptible to bias by size selective avoidance 
of the sampler. Smith (1973) found a difference in 
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mortality rate between sardine eggs and young 
sardine larvae, but mortality in plaice was essen- 
tially constant through the egg and larval stages 
(Bannister et al. 1974). Laboratory experiments 
show that older, more active yolk-sac anchovy lar- 
vae are less susceptible than newly hatched larvae 
to  some invertebrate predators (Lillelund and 
Lasker 1971; Theilacker and Lasker 1974). As a 
rough estimate of the magnitude of the maximum 
effect of size selective mortality on our growth 
estimates, we examined the interaction between 
variable growth and size selective mortality and 
determined the effect of this mortality on mean 
size of anchovy larvae a t  25 days after yolk absorp- 
tion. 
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Suppose variation in growth is such that indi- 
viduals of age 25 days range in size from 11.4 to 
16.6 mm and that the exponential growth rate 
parameter which gives rise to this variation has 
an uniform statistical distribution. If mortality 
during this 25-day period is random with respect 
to size, the mean size of individuals which survive 
to age 25 days will be 13.86 mm. However, if the 
instantaneous daily mortality rate is related to 
size by M = 3.5 L - 2  (this is consistent with current 
estimates of egg, young larvae, and adult mortal- 
ity rates for anchovy (MacCall 1974; Smith and 
Lasker 1978)), the mean size of individuals which 
survive to age 25 days will increase only slightly to 
14.08 mm. We conclude that an overestimate of 
growth because of size selective mortality is un- 
likely to occur. 

Another possibility is that mortality is related 
to growth rate rather than size, the mortal fraction 
being that portion of the population which is slow 
growing and weak and therefore more susceptible 
to predators (Isaacs 1964). If we make the extreme 
assumption that the daily mortal fraction is the 
slowest growing 10% of the cohort, the survivors a t  
age 25 days will be the fastest growing 7% of the 
original cohort, but this extreme model unrealisti- 
cally predicts that variations in size a t  age would 
decline as the slow growing larvae die. Some in- 
termediate degree of growth rate selective mortal- 
ity could affect estimates of growth rate in the sea, 
especially if mean growth rate is slow and the 
slower growing individuals are near starvation. 

Net  Avoidance 

Avoidance of the ring net by anchovy larvae in 
daylight begins a t  a length of about 5 mm and 
increases with size (Lenarz 1973; Murphy and 
Clutter 1972). The Bongo net catches larvae more 
effectively but avoidance still occurs in the larger 
size classes. The degree to  which we underesti- 
mated mean size a t  age depends upon how rapidly 
avoidance increases with increasing size. We at- 
tempted to  minimize this bias by only considering 
larvae with fewer than 25 increments (lengths less 
than about 15 mm) and samples taken at  twilight 
or dark. There was no difference in size at  age 
between the twilight samples (Dl ,  D5) and the 
night samples (D2-D4) along the transect. Al- 
though fast growth was observed only in samples 
taken with the Bongo or neuston net (B l ,  C1, C2), 
we do not believe this was an artifact caused by 
size-selective avoidance of the ring net. If this 

were an artifact, then ranges in size at  age in 
samples taken by the less selective gear would 
have been broader and overlapped the distribution 
of size at  age in samples taken with gear which 
allowed larger larvae to escape. This was not ob- 
served. 

DISCUSSION 

Growth rates of larval northern anchovy < 1 mo 
old were determined with size a t  age data. In 9 of 
12 samples, growth rates a t  8 mm were very simi- 
lar, rangingfrom 0.34 to 0.40 mm/day. The growth 
rate estimated from the combined data of these 
samples was 0.37 mm/day. Growth in the three 
other samples was faster, 0.47-0.55 mm/day. Var- 
iation in size a t  age between individuals was 
small. A typical 95% confidence interval for larvae 
with 12 daily growth increments was 6.5-9.5 mm. 

When the trend of growth rate on temperature, 
obtained from several rearing experiments, was 
compared with the field results (Figure 3) it was 
obvious that growth in the sea was similar to  
growth in the laboratory. The range in growth rate 
between field samples a t  the same temperature 
was similar to the range in growth rate between 
laboratory rearing experiments conducted a t  the 
same temperature (Kramer and Zweifel 1970). 
Variation of size at  age was also similar in the sea 
and the laboratory. In no case were sea-caught 
larvae growing as slowly as larvae reared in the 
laboratory on inadequate rations (LV, LD, F in 
Figure 3). At 17.5" C (Lasker et al. 1970) anchovy 
larvae fed only a dinoflagellate grew at about 0.15 
mm/day (LD) and larvae fed dinoflagellate and 
veligers (LV) grew still slower than larvae fed wild 
plankton (K) (Kramer and Zweifel 1970). Al- 
though the availability of suitable prey may limit 
the feeding success rate of first feeding anchovy 
larvae (Lasker 19751, larvae which get enough 
food to survive apparently get enough food to grow 
rapidly. 

There was no obvious relationship between 
growth rate and temperature. This is not surpris- 
ing considering the narrow temperature range 
considered, the variation in growth rate between 
laboratory experiments at  the same temperature, 
and the uncertainty in our measurement of the 
temperature experienced by the larvae in the sea. 
The samples we examined came from near the 
center of distribution of northern anchovy larvae 
with respect to space, time, and temperature. As 
samples from the periphery of this species range 
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CalCOFI program, in  par t icular  for his early work 
on the  taxonomy and  rear ing of larval  fish and  for 
his devotion to this  project on t h e  ag ing  of larval 
fish. We will miss him. He was a friend a n d  a 
model to many  of us. 

I want  to t h a n k  Ken  P lummer  for his  assistance 
in  t h e  preparation of many  of t h e  otoliths used in  
this  study. Special t hanks  a r e  due  J o h n  Hun te r  for 
h i s  helpful comments on ear ly  versions of this  
manuscript .  

become available,  we expect to find increased var-  
iation in  growth ra te .  

Correlations between t h e  spa t ia l - tempera ture  
pat tern of variation in  growth r a t e  and  environ- 
men ta l  p a r a m e t e r s  m a y  provide clues  to t h e  
events  which control larval  survival.  This analy-  
sis will require t h a t  t h e  measured growth r a t e s  
reflect t he  larvae’s response to the  environmental  
factors measured at t h e  t ime the  sample  was col- 
lected. We estimated t h e  growth r a t e  of larvae in  a 
sample by de termining  t h e  relationship between 
size ( L )  and age ( T ) .  This technique is susceptible 
to several  biases discussed above and  is not sensi- 
t ive to changes i n  growth conditions occurring a 
few days before t h e  sample is taken.  If t h e  instan-  
taneous  growth r a t e  of each individual could be 
measured,  t hen  t h e  s a m e  growth r a t e  parameters  
could be es t imated  from t h e  relationship between 
dLldT a n d  L .  This  a l t e r n a t i v e  method would 
reflect growth conditions at t h e  t ime of sampl ing  
and  would be independent of changes in  growth 
conditions dur ing  t h e  lifetime of t h e  older la rvae  
i n  t h e  sample.  Ot taway and  Simkiss (1977) de- 
veloped a relative measure  of the ins tan taneous  
growth r a t e  of adu l t  fish using t h e  in  vitro r a t e  of 
incorporation of 14C labelled glycine into scales,  
bu t  this  technique may  not be adaptab le  to larval 
fish. Another  approach is to correlate t h e  width of 
a daily growth increment with the  growth of t h e  
fish on t h a t  day. A measurement  of t h e  width of 
t h e  outer  increments could provide a n  absolute 
measure  of growth r a t e  du r ing  t h e  few days before 
capture. 

In  addition, t he  radius  of each increment in  a n  
individual’s otoli ths could be used to  back calcu- 
la te  i t s  growth history (Ricker 1969). The  differ- 
ence between t h e  back calculated growth histories 
of older individuals,  t h e  survivors captured with 
nonselective gear ,  and  the  distribution of size at 
age  of all younger  individuals supplies informa- 
tion on differential mortali ty and  size dependent  
net  avoidance by t h e  larvae.  Ultimately,  analysis 
of daily growth increments in  t h e  otoliths of larval 
fish may provide a means of de te rmining  whether  
larval survival is l imited primarily by predation 
or food and  how these two factors interact.  
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