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Introduction

The methods used for collecting, handling and pre-
serving fish for otolith analysis vary, depending on the
nature of the material that is required and the objec-
tives of the study. Larval and juvenile fish are col-
lected using different methods than those used to col-
lect adult fish; handling and preservation techniques
are similar. Problems associated with gear selectivity
and shrinkage are common to all life stages. Improper
preservation techniques can cause otolith damage.

Sampling and Gear Selectivity

The methods used to collect adult fish are as
diverse as the methods of fishing. These methods
include spearing, traps and weirs, hook and line,
troiiing, night lighting, bottom trawls, pelagic purse
seines, gill nets, lift nets and pumping as well as non-
conventional methods such as poisons and electrofish-
ing. These methods may be employed by the investi-
gator or the investigator may simply sample the catch
from fishermen who use these techniques. All of these
methods are to some degree selective in terms of the
species and size of fishes collected. Spear fishing and
baited traps tend to select for large individuals. Hook
and line and set lines select large individuals (Klein
1986), but selectivity is also a function of hook size
(Ralston 1982, 1990) and bait size (Lgkkeborg 1990).
The selectivity of nets is well known and is often used
as a management strategy to regulate the harvest of
fish. The size of the mesh opening largely determines
the size of fish collected. Gill nets, for example, are
more size selective than other nets such as tangle nets.
The mesh size of bottom trawls determines the mini-
mum size of fish collected while avoidance deter-
mines the maximum size (Hemmings 1973). Other
techniques such as poisons (Weinstein and Davis
1980) and electrofishing are not selective if all of the
stunned fish are collected.

Sampling gear used to collect larval and juvenile
fishes are also size selective. The minimum size of lar-
vae collected in plankton nets is determined by mesh
size and extrusion (Lenarz 1972; Colton et al. 1980; Lo
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et al. 1989). The maximum size is determined by net
avoidance (Lenarz 1973; De Ciechomski and Sanchez
1983; Somerton and Kobayashi 1989) and time of day
(Bridger 1956). Large-volume plankton pumps and
plankton nets sample small fish larvae equally effi-
ciently (Taggart and Leggett 1984).

The catchability of larval fishes affects apparent
growth and mortality rates estimated from individuals
collected in plankton nets (Morse 1989). Estimated
growth rates of larvae collected in plankton nets are
strongly influenced by the size and age of the largest
individuals. Because avoidance is a function of size
and condition, there is a strong possibility that cap-
tured individuals will be the slowest growing mem-
bers of their cohort. More research needs to be done
comparing the estimated growth rates of large larvae
collected in plankton nets and similar sized larvae col-
lected by small mesh midwater trawls.

The degree of size selection is important in age and
growth studies because growth varies among individ-
uals of a cohort. Collecting samples using highly
selective sampling gear will reduce the observed vari-
ability in age and growth. This is particularly trouble-
some if the objective of the study is to analyze the
effect of environmental variability on growth or to
back-calculate dates of hatching. As an example, con-
sider a study designed to monitor changes in the hatch
date distribution of a cohort as it progresses from the
pelagic egg stage to that of a bottom-dwelling juve-
nile. Representative sampling of the eggs and early
larvae is relatively straight forward with a gear such
as a bongo net. However, once the fish reach the late
larval stage, a severe sampling problem exists; how
can all members of a cohort be representatively sam-
pled when: (1) the slow-growing fish are still small
pelagic larvae and can be captured only with small-
mesh gear, (2) the intermediate-growth fish are too
large for bongo nets, but just right for pelagic trawls
such as Tucker trawls, and (3) the very fastest-grow-
ing fish have metamorphosed to a bottom-dwelling
form and can be captured only with a bottom trawl?
While different gear types can be used to representa-



tively sample each size range, how can these samples
subsequently be recombined to form one sample from
which the hatch date distribution for the entire cohort
can be determined? Unless the catchabilities of each
gear type are identical (or known) and the numbers at
each size and in each habitat can be calculated, data
derived from the various samples cannot just be com-
bined. Yet, if hatch dates from only one gear type are
examined, the hatch date distribution will be skewed
either to slow-growing (early hatch date) or fast-
growing (late hatch date) fish. There is no easy
answer to this problem. However, the problem must
be recognized before interpretation of the data is
begun, and preferably at the sampling design stage.

Preservation and Shrinkage

Sample preservation techniques differ among life
stages. Adult and juvenile fishes may be frozen for
later analysis, but if freezer space is limited otoliths
may be removed at sea. Larvae collected with plank-
ton nets are usually preserved in the field. Fish which
are not processed immediately or which are preserved
or frozen can be expected to shrink before measure-
ment and otolith removal.

Plankton samples are usually preserved at sea and
larval fish removed at a later time. Plankton samples
may be preserved with 5% formalin buffered by mar-
ble chips, sodium borate or sodium carbonate or pre-
served with 95% ethanol. Although otolith dissolution
is a problem with formalin preserved samples (see
below), Ré (1983) reports obtaining intact otoliths
from plankton samples preserved with formalin.
Brothers et al. (1976), Methot and Kramer (1979), and
others recommend alcohol (ethanol) preservation. The
ethanol used to initially preserve samples should be
changed within 24 hours because water in the tissues
of gelatinous plankton or fish flesh quickly dilutes the
preservative. Ethanol solutions less than 80% are too
acidic for safe larval otolith preservation. In addition,
ethanol produced from petrochemicals may be con-
taminated with sulfuric acid, and denatured ethanol
has been altered to make it unpotable. For these rea-
sons the pH of the preservative should be checked
and, if necessary, the ethanol should be buffered with
20 nM tris(hydroxymethyl)aminoethane (such as
Sigma 7-9). Regardless of what type of preservative is
used, the pH of samples kept for long periods of time
should be monitored. It is also advisable to avoid
placing too many specimens in the same sample con-
tainer since they may not be properly preserved (this
is especially true of ethanol). Another problem to
avoid is the evaporation of preservative from sample
containers which are not completely sealed.
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Otolith dissolution is a problem with samples pre-
served in either alcohol or formalin. Nothing is more
frustrating than to spend a month at sea making col-
lections and to find later that all of the otoliths are dis-
solved, etched, pitted or discoloured. Damaged
otoliths may provide some information after etching,
but seldom a complete record. Although buffering
helps, preserved samples may still become acidic with
time. Therefore it is strongly recommended that larval
fish destined for otolith analysis be separated from the
rest of the sample as soon as possible after collection.
Since small otoliths have a higher surface area: vol-
ume ratio than large otoliths, larval otoliths will dis-
solve more rapidly than juvenile otoliths. Removing
the otoliths from the larvae as soon as possible and
storing them, either dry or mounted on microscope
slides, eliminates the possibility of lost time and effort
due to otolith damage.

Preservation, whether with chemicals or freezing,
and handling affect fish size. Upon death, osmoregu-
latory functions cease; fish in seawater begin to lose
water to the medium, while fish in freshwater begin to
absorb water. Consequently, marine species shrink
after death; preservation and freezing cause additional
shrinkage. The degree of shrinkage varies with
species, type and strength of preservative, the time
between death and preservation, and the size of the
fish (Table 1). Fish larvae with unossified skeletons
shrink most. Handling and the time from death to
preservation affect shrinkage; the degree of shrinkage
itself is a function of fish size (Theilacker 1980).
Because autolysis and shrinkage begin as soon as lar-
val fish die, it is recommended that the duration of
plankton-net tows used to collect larval fish for otolith
analysis be limited. It is also important to preserve the
sample as soon as possible after it is collected. Use of
standardized collections procedures (e.g., duration of
tow, time between end of tow and preservation) is also
recommended.

Leak (1986) used the relationship of otolith size to
live fish length measured in the laboratory to correct
for shrinkage of field collected larvae. This approach
has promise but must be used with caution because
Reznick et al. (1989) found larger otoliths relative to
standard length in slower growing guppies in the lab-
oratory. Some have suggested that stunted fish have
larger heads (and therefore probably larger otoliths)
relative to body length than faster growing fish.
Larval herring from the same eggs reared in a meso-
cosm, but experiencing different growth rates
(Wespestad and Moksness 1989), had otoliths of dif-
ferent relative sizes (Erland Moksness, pers. comm.).
Butler (1989) found different allometric relationships
of otolith size and fish length from juvenile anchovies



TABLE 1. Shrinkage correction factors for different species of fish.

Percent
Species Preservative Treatment shrinkage
Anchoa mitchilli! 95% ethanol Bongo net 22-30
Catostomus commersoni? Davidson’s B 32
Clupea harengus? 2% formalin 15 ppt SW 11-12
2% formalin 34 ppt SW 14-16
4% formalin 15 ppt SW 11-14
4% formalin 34 ppt SW 9-13
10% formalin 15 ppt SW 5-7
Clupea pallasi* 4% formalin — 8
4% formalin Net 13-43
Dicentrarchus labrax’ 4% formalin 53
70% ethanol 5.6
4% formalin Net 5 min 124
70% ethanol Net 5 min 189
4% formalin Net 10 min 15.8
70% ethanol Net 10 min 23.1
4% formalin Net 15 min 19.8
70% ethanol Net 15 min 24.2
4% formalin Net 20 min 224
70% ethanol Net 20 min 26.0
Engraulis mordaxt 5% formalin 8
80% ethanol 0
Bouin’s 8
— Net 8-19
Esox americanus? Davidson’s B 0
E. lucius? Davidson’s B 35
E. lucius? Freezing 54
E'theostoma nigrum? Davidson’s B 0
Gadus morhuad 95% ethanol — 0
— Death 30-40
Limanda ferruginea® Ice Death 1.5
Merluccius bilinearis0 4% SW formalin 3443
95% ethanol 4.8-7.0
Freezing 1.4
M. productus!! 3% formalin 4.54.6
80% ethanol 44
Onchorhynchus nerkal? 10% formalin 4.6-6.8
O. gorbuschal? 3.8% formalin 2.34.1
0. ketal? 3.8% formalin 1.8-4.8
O. nerka’? 3.8% formalin 2.04.3
Paralichthys lethostigmal* 4% FW formalin 1 h-6 yr 0-6.6
4% SW formalin 1 h-6yr 5.2-94
Parophrys vetulus!> 80% ethanol 32
10% formalin 5.1
Perca fluviatilis” Freezing 1.7
Continued

15



TABLE 1. Shrinkage correction factors for different species of fish. (Cont’d)

Percent
Species Preservative Treatment shrinkage
Pimephales notatus? Davidson’s B 43
Pleuronectes platessal¢ 4% formalin 2.4-2.7
Psuedopleuronectes americanus!’? 4% formalin 3.7
Rhinichthys atratulus? Davidson’s B 3.1
Trachurus symmetricus® Bouin’s 8
Thunnus albacares!8 Freezing brine 0.9-2.6
Siganus caniculatus’® 4% SW formalin 0
S. guttatus?? 4% SW formalin 0
S. vermiculatus!® 49% SW formalin 0
Sphyraena argentea Bouin’s 8

1Leak (1986); 2Leslie and Moore (1986); 3Blaxter (1971); “Hay (1981); SJennings (1991); ¢Theilacker (1980); "Treasurer
(1990); 8Radtke (1989); °Lux (1960); 9Fowler and Smith (1983); !!Bailey (1982); 12Burgner (1962); 3Parker (1963);
14Tucker and Chester (1984); !SLaroche et al. (1982); 6Lockwood (1973); 17Pearcy (1962); 18Anonymous (1974);

19Rosenthal and Westernhagen (1976).

collected during EL Nifio years and normal years. If
otolith size is used to calibrate shrinkage of larval
fish, it is recommended that the allometric relation-
ship be determined from live larvae.

Shrinkage is rarely documented but will affect
growth rates calculated from otolith information.
Before combining data from fish preserved by differ-
ent methods, corrections must be made for shrinkage
(Watanabe et al. 1988). Owen et al. (1989) found that
systematic variation in handling time affected growth
rates calculated from daily increments in the otoliths
of larval northern anchovy collected at two different
localities. These results indicate that as much care
must be devoted to measuring or estimating live fish
size as is devoted to accurately determining the num-
ber and, in the case of back-calculated growth, the
width of daily otolith increments.

Otolith Storage

Otolith storage procedures vary with life stage and
the method of analysis. Adult otoliths are often stored
dry in numbered trays, in labeled vials, envelopes or
capsules. Adult and juvenile otoliths may also be
stored in liquid filled vials. The liquid may be water,
ethanol, or glycerin and water. Thymol is added to
water or glycerin solutions to prevent the growth of
mold (Chilton and Beamish 1982).

Otoliths for daily increment analysis may be stored
dry or mounted on labeled microscope slides for later
analysis. Mounting media should be clear and have
optical properties near that of glass. Mounting media
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that harden completely allow polishing of the otoliths.
Small otoliths may be stored dry in covered trays used
to store foraminifera and coccoliths. Some investiga-
tors store otoliths in oil on microscope slides
(Brothers 1987), but the slides must be stored in a
horizontal position.
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