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Abstract

Predicting recruitment is a difficult task and requires solid biological information.
Recruitment in capelin is important to the spawning stock biomass due to a short life
span. Theory predicts that faster growing, larger individuals will have greater survival.
Growth history of two year-classes of Icelandic capelin (Mallotus villosus) larvae was
examined from hatching until end of summer in their first year of life.

Precision of otolith analysis was independent of larval age and growth estimates
were not statistically different between replicates. Estimated growth of 0.37 mm d”' for
the 2001 year-class was in the upper end of growth rates while growth of the 2002 year-
class, 0.28 mm d'. was average for capelin larval growth reported in the literature.
Increment width models demonstrated a common growth trajectory both within and
among year-classes. Environmental conditions were better in 2001 as temperature was
higher by roughly 0.7°C and zooplankton biomass was four times greater. This indicates
that better environmental conditions facilitated growth of capelin larvae.

The spawning stock biomass was similar between years but abundance of capelin
larvae in August was three times higher in 2001 suggesting that survival rate of larvae
was higher in 2001. The faster growth and greater abundance of the 2001 year-class

suggests that growth of capelin larvae was density independent.
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the maturing stock. Current management of the capelin fishery allows approximately
400 000 tons of the maturing stock to spawn each year. Due to a short life span (three
vears) and a high spawning mortality, the fishable capelin stock is renewed every year
based on recruitment (Gudmundsdottir and Vilhjalmsson 2002). Even though the
Icelandic capelin stock is managed to maintain a stable spawning stock biomass, 423 (£
SD=157) thousand tons for the years 1981 - 2002 (Anonymous 2003a), there are large
annual fluctuations in recruitment to the maturing stock (Gudmundsdéttir and
Vilhjalmsson 2002). The estimated biomass of the maturing stock on August 1* has been

1475 (= SD=470) thousand tons for the years 1981 — 2002 (Anonymous 2003a).

1.2 Growth and recruitment of fishes

Growth is a multiplicative process in which cell numbers and cell volume increase (Brett
1979). Both abiotic and biotic factors of the environment affect growth of an organism
through metabolic activity (Brett 1979). Temperature has strong effects on growth by
controlling both metabolic requirements and digestion rate. Rising temperature increases
the standard metabolic cost and increases appetite. When food is in excess growth rate
increases linearly with increased temperature up to a peak after which the conversion
efficiency starts to decline and growth rate slows (Brett 1979). Food abundance has
limiting effects on growth so for growth to be exponentic food has to be in excess. Each
species has a preferred range of temperature. Decreasing temperature requires less food
for basal metabolic requirements leaving excess food to be used for growth. Fish
spawning in temperate zones usually coincides with rising temperature, seasonal

abundance of food and increasing day length (Brett 1979).











































































B9-2002. For survey B6-2002 there was a statistical difference in intercepts only between
the first read and the third read (Table 3.4.2.). For tests of differences between surveys,
results from the first reads were used for B10-2001 and B9-2002 because there was no
significant difference between replicates and only a part of the total number of otoliths
had replicated reads. However. for B6-2002 the average size-at-age from all replicates
was calculated and used for comparison because all otoliths had replicated reads.

The slopes of the regression of size-at-age ranged from 0.278 mm day™' in 2002 to
0.371 mm day™ in 2001. The intercepts ranged from 2.690 mm — 10.661 mm (Figure
3.4.4.). Comparison of slopes for the two 0-group surveys revealed that the interaction
term for the linear size-at-age relationship Bni«s*NI*S was significant (Fji. 468=41.02,
p<0.0001) demonstrating difference in slopes. As slopes of the regressions lines were
statistically different. comparison of the intercepts was not possible. There was no
statistical difference (slopes: F|i.374=2.48, p=0.1158; intercepts: F[; 376=0.18, p=0.6724)
between the linear size-at-age relationship of the two surveys conducted in 2002. This
indicates a very similar growth within the 2002 cohort over a wide range of larval sizes.

There was no significant difference in total mineral growth (radius length)
between replicated reads within surveys B10-2001 (dt=82, t=-1.02, p=0.3087) and B9-
2002 (df=63, t=-0.31. p=0.7544). The total growth of larvae ranged from 43.2 um — 375.4
pum for the August surveys and the average was 155.4 pm and 179 pum (Table 3.4.3.). The
average total mineral growth for the June survey was 19.6 uym and ranged from 4.6 pm —
58.7 um.

Comparison of the relationship between total growth and number of increments

for two 0-group surveys revealed that the interaction term for the linear relationship
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in August always showing faster growth than larvae sampled in June. There was a
significant increase in increment width after the larvae reached the age of ten days.
Auto-correlation analysis of increment width, for day-c year for the two 0-group
surveys, showed high correlation in width of increments over a range of ten days (Figures
3.5.8., 3.5.9.). Therefore, when comparing growth trajectories between the two 0-group
surveys the day-of-year range from 150 - 230 days was divi d into eight parts each
consisting of ten days. The DOY range of 150 — 230 covers the pe d from May 30" to
August the 18"™. In the beginning, the average increment width was = 2.0 um and
fluctuated between 2.0 um and 2.0 pm over the period from ite 1ay until middle of
July. Between July 19" and July 28", there was a significant decrease in increment width.
This was the only period with significant changes in increment width (Figure 3.5.10.,
Table 3.5.4.). Comparison of the average growth trajectories b veen surveys revealed a
very similar pattern in growth between years as the interaction term s ;*S*IW was not
significant (p<0.05). Larvae from the 2001 cohort grew significantly faster over the

™ to August 7" but before and after that time there was no significant

period from July 9
difference in growth between years. Growth for DOY di not ow significant changes
except for a short period of decrease in July. This indicates at grov 1 of capelin larvae
was strongly related to age but not to time of year.

A non-linear model with three parameters had the best{ to 1e average increment
width at age for surveys B10-2001 and B9-2002 (Figure 3.5.11). A model with four
parameters was tested but as the confidence limits for the fou arameter included zero

it was rejected. The non-linear model explains 99.9% of the v lance for both surveys but

there was a pattern in the residuals of the model as expected w ol 1g at the original





















the mean weight of the 2002 year-class. This indicates at the biomass of larvae is a
better indicator of growth than length. Better conditions and faster growth of the more
abundant 2001 year-class suggest that growth of capelin larvae was density independent.

The results of this study suggest that higher food abundance on the nursery
ground increased survival rate of capelin larvae. However. this suggestion was not
supported by long-time data series. An exploration of the long-ti  data of zooplankton
abundance on the nursery ground and abundance of 0-group cap¢ n in August revealed a
poor linear correlation, r’=0.24 (Figure 4.0.). This suggests that survival of larvae
depends of not only food abundance but that other variables in 1ence survival. Possible
variables are predation pressure, drift out of the nursery ground and size composition of
the zooplankton community. An effect of predation on survivi is w1 nown. The effect of
drift out of the nursery ground on survival on larvae is unknown.

Diet of capelin larvae changes as they grow with the edible size range of food
particles increasing as size of capelin increase (Moksness 1982). Larvae grow slower
when overlap in capelin size and preferred size rages ot zooplanl »n is low (Frank and
Leggett 1986). Knowledge on the size composition of the zooplar ton community on the
nursery ground is very limited. The effects of predation, drift and size co position of
food on survival of larvae will remain nothing but mere speculations and need further

studies.
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Chapter 5: Conclusion

Hatch date distributions were the same between years and wi in the known hatch
time of Icelandic capelin trom the literature. These results support Gjosater and

Monstad (1985) that increment formation is daily in cap¢ 1 larvae.

Precision of otolith analysis was independent of age. Growth estimates were not
different between replicates demonstrating that micro-otolith analysis can be used

to estimate age of capelin larvae.

Growth estimated both from size-at-age models and micro-otol  width of
increments showed that the 2001 year-class grew faster 1an the 2002 year-class.
Higher growth rates and better biological condition of capelin larvae in 2001 were

correlated with higher water temperature and greater zoc lai1 ton abundance.

Common growth trajectories both within and among years :monstrate a

consistency in factors affecting the growth pattern ¢ capelin larvae.

Abundance of capelin larvae in August was four times hig 1 > e faster
growing 2001 year-class. Results suggest that survival rate was higher for faster

growing larvae and that growth was not density-dependa



Tables

Table 3.1.1: Summary of standard length (mm) for all surveys.

Survey N Mean Max Min Std. dev.
B10-2001 4189 36.1 64.0 19.6 6.8
B9-2002 2387 36.1 62.5 11.8 6.9
B6-2002 1010 15.3 28.0 7.7 2.9

Table 3.1.2: Summary of wet weight (g) for 0-group surveys.

Survey N Mean Max 1in Std. dev.
B10-2001 4189 0.26 1.53 0.02 0.17
B9-2002 2387 0.24 1.35 0.C 0.19

Table 3.2.1: Summary of results for number of increments of replicate reads for survey B10-
2001. Diff = results of paired difference in number of increments (diff=replicate 1- replicate 2).

Read N Mean Max Min St V.
Read 1 83 91 140 51 24
Read 2 83 90 143 50 24

Diff 83 ] 14 -17 5

Table 3.2.2.1: Summary of results for number of increments of re| ated rez  for survey B6-
2002. Diff = results of paired difference in number of increments ( f1-2=r ¢ : -replicate
2).

Read N Mean Max n Std. dev.
Read 1 163 17 42 5 6
Read 2 163 18 43 5 6
Read 2 163 18 46 5 7

Diff 1 -2 163 -1 S -8 2
Diff 1 -3 163 -2 3 -11 3
Diff 2 - 3 163 -1 6 -8 2

Table 3.2.2.2: Comparison of number of increments for replicated reads for s vey B6-2002.

Replicate df t-value p-value
read 1-read 2 162 -5.17 <0.0001
read 2-read 3 162 -3.64 <0.0001
read 1-read 3 162 -8.19 <0.0001
Table 3.2.3: Summary of results for number of increments of re| :ated rea fc ey B9-
2002. Diff = results of paired difference in number of increments (di =replicate licate 2).
Replicate N Mean Max Min Std. dev.
Read 1 64 85 219 32 37
Read 2 64 87 214 34 37
Diff 64 -2 15 -15 6
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Table 3.4.3: Summary of total growth measured as radius length (um). N is number of otoliths.

Survey N Mean Max Min Std. dev.
B10-2001* 256 179.0 375.4 60.3 61.9
B6-2002** 163 19.6 58.7 4.6 8.1
B9-2002* 216 155.4 372.6 43.2 57.0

*Results from measurements of first read.
**Average of all three reads.

Table 3.5.1: Summary for width of increments (um). NI is the total number of measured
increments.

Survey NI Mean Max Min Std. dev.
B10-2001 24,278 1.9 4.8 0.6 0.5
B6-2002 18,687 1.8 4.8 0.9 0.5
B9-2002 2.885 1.1 2.1 0.6 0.2
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Table 3.5.3: Statistical results for comparison of growth trajectories, for age, between the two
surveys conducted in 2002. N is number of larvae included in the analysis.

Range of N  Increment (Biw*IW) Increment * Survey Survey
increments F-value[dfum, dfgen] (Bs*iw*S*IW) (Bs*S)
(days) p-value F-value [dfyym, dfeen]  F-value [dfyum, dfden]
p-value p-value
1-10 361 1.56 [9, 351] 0.61 [9, 351] 141.89 [1, 359]
p=0.1257 p=0.7871 p <0.0001
11-20 274 7.52 (9, 264] 1.45 [9, 264] 97.22[1,272]
p <0.0001 p=0.1687 p <0.0001
21-25 241 2.44 [4, 236] 1.56 [4, 236] 48.25[1, 239]
p=0.0478 p=0.1870 p <0.0001
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Table 3.5.4: Statistical results of comparison of growth trajectories, for DOY, between the two 0-
group surveys. N is number of larvae included in the analysis.

Day-of-year N Increment Increment * Survey Survey
range (B]\N*IW) (BS*IW*S*IW) ( BS*S)
F-value[dfaym. dfgen] F-value[df,m, dfdcn] F'Value[dfnum, dfgen]
p-value p-value p-value
150 - 159 67 0.64 [9. 57] 0.71 [9, 57] 0.31[1.65]
p=0.7556 p=0.6956 p=10.5805
160 — 169 114 0.46 [9, 104] 0.79 [9, 104] 0.83 [1, 112]
p=0.8983 p=0.6255 p=0.3629
170 - 179 159 0.59 [9, 149] 1.69 [9, 149] 0.08 [1, 157]
p=0.8010 p =0.0967 p=0.7820
180 - 189 220 0.50[9.210] 0.63 [9, 210] 0.2.31[1,218]
p=0.8743 p=0.7695 p=0.1304
190 — 199 297 0.67 ]9, 287] 0.82 [9, 287] 4.63 [1, 295]
p=0.7319 p=0.5943 p=0.0322
200 — 209 359 2.28 [9, 349] 1.14 |9, 349] 9.54 [1, 357]
p=0.0172 p=0.3364 p =0.0022
210-219 404 1.42 9, 394] 0.15[9. 394] 12.40[1, 402]
p=0.1754 p = 0.9981 p = 0.0005
220 -229 228 1.26 [9. 218] 0.71 9. 218] 0.24 1. 226]
p=0.2578 p=0.6970 p=0.6239
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Table 3.5.5: Summary of parameters results for non-linear model of increment width for survey
B10-2001 and B9-2002. App. std. error = approximate standard error, app. 95% con. lim. =
approximate 95% confidence limits.

Estimate App. std. error App. 95% con. lim.

Parameter  B10-2001 B9-2002 B10-2001 B9-2002 B10-2001 B9-2002
A (um) 1.29 1.27 0.01 0.02 1.26 - 1.32 1.23 - 1.30
B (um*day™) 0.81 0.71 0.02 0.02 0.78 - 0.84 0.68 -0.75
C (um) 2.99 3.04 0.02 0.03 2.94 - 3.04 2.97-3.10

Table 3.6: Average temperature at station one to five, depth surface to 50 m, for Siglunes section
for years 2001 and 2002. Date is the time of measurement.

2001 2002

Date Temperature (°C) Date Temperature (°C)
February 18" 4.0 February 11" 2.3

May 23" 3.9 May 21% 2.3

August 22™ 7.4 August 15™ 6.7

November 19" 5.8 November 18" 5.2
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Figure 4.0: The relationship between August estimates of capelin larvae abundance mes id as
catch per unit effort (CPUE) (Sveinbjornsson and Hjorleifsson 2002) and zooplankton ab ance
measured in May (Anonymous 2003b) on the nursery ground of capelin in the north. (Si es
standard section). Data from the capelin year-classes 1980 — 2002 are used. The regres line

explains 24% of the varianc
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Appendices

Appendix 1: Non-linear model of increment width for surveys B10-2001 and B9-2002.
B10-2001:

Model: ‘ ‘
MIW = A + ((B*(NI“))*(10000 + NI©) ™"

Symbols:

MIW = mean increment width (pm)

NI = number of increments (days)

A. B and C = parameters whose values were estimated.

Results:

Method: Gauss-Newton

[terations: 18

Number of observations: 110

Dependant variable: mean increment width

sum of Mean Approv
Source DF squares square F value Pr >
Regression 3 409.9 136.6 1502.68 <.00uL
Residual 107 0.2599 0.00243
uncorrected Total 110 410.2
corrected Total 109 7.5606
Approx

Parameter Estimate std Error Approximate 95% Confidence 1

A 1.2918 0.0148 1.2626 1.3210

B 0.8085 0.0152 0.7783 0.8387

C 2.9886 0.0249 2.9392 3.0379

Therefore the non-linear model is:

Model B10-2001: WI = 1.2918 + (0.8085*NI[**¢* (10.000 + NI**#8¢y 1y,

ts
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B9-2002:

Model: ]
MIW = A + (B*(NI9)*(10000 + NI)™"

Symbols:

MIW = mean increment width (um)

NI = number of increments (days)

A. B and C = parameters whose values were estimated.

Results:

Method: Gauss-Newton

[terations: 21

Number of observations: 110

Dependant variable: mean increment width

Sum of Mean Approyv
Source DF squares square F value Pr
Regression 3 371.2 123.7 883.02 <.0
Residual 107 0.3355 0.00314
uUncorrected Total 110 371.6
Corrected Total 109 5.8723
Approx
Parameter Estimate std Error Approximate 95% Confidence |
A 1.2683 0.0171 1.2344 1.3022
B 0.7110 0.0176 0.6761 0.7459
C 3.0372 0.0330 2.9717 3.1027

Therefore the non-linear model is:

Model B9-2002: WI = 1.2683 + (0.7110*NI*%*72 * (10.000 + NI* 3721,
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