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ABSTRACT

Changes in standard length of field-collected larvae and juveniles, due to preservation in 95%
ethanol, were studied in haddock ranging from 2.5 to 82 mm long. Estimates of fresh standard length
of haddock from ethanol-preserved specimens show that ethanol causes larvae of all lengths to
shrink. The average shrmkage was 26.8% in newly hatched, 2.5-5 mm, larvae and decreased wnh
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smaller larvae.
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RESUMEM

Se estudiaron los cambios en longitud estandar, debido al efecto de la preservacién en etanol al
95%, en larvas de haddock (eglefino) que se recolectaron en el medio natural, con intervalo de 2.5 a
82 mm de longitud. Las estimaciones de la longitud estandar en fresco, a partir de especimenes pre-
servados, muestran que el etanol encoge la longitud de la larva sin importar la talla. El encogimiento
promedio fue de 26.8% en larvas de haddock de 2.5-5 mm (eclosion) y disminuyo con el incremento
en longitud. El encogimiento esta relacionado con la longitud; las larvas mas grandes gencralmente se
contraen proporcionalmente menos que las larvas mas pequefias.

Palabras clave: encogimiento, etanol, larvas de haddock, plataforma de ia Nueva Escocia.

INTRODUCTION INTRODUCCION

The nets used in ichthyoplankton surveys Las redes que se utilizan en estudios de
collect a large diversity of organisms besides ictioplancton recolectan un gran niimero de or-
the target species. Individuals must, therefore, ganismos, ademas de la(s) especie(s) de interés.
be sorted from the bulk catch before any Los organismos de estas epecies deben sepa-
numerical data or body characteristics can be rarse de la captura total antes de que se pueda
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determined. In studies of natural conditions, fast
classification and analysis of larval fish is diffi-
cult and impractical, and samples are usually
preserved for later analysis. Body shrinkage is a
consequence of multiple causes involved in the
capture (tow time, net abrasion, etc.) and pres-
ervation media (Blaxter, 1971; Schnack and
Rosenthal, 1978; Theilacker, 1980; Hay, 1981,
1982, 1984).

Shrinkage studies are important to predict
fresh size for growth and mortality determina-
tion. The type of preservative used depends on
the purpose of the study and influences the
precision with which fresh length can be esti-
mated from preserved length. Most ichthyo-
plankton is preserved in formalin for taxonomic
and feeding studies (Ahlstrom, 1967; Blaxter,
1971); preservation in 95% ethanol is recom-
mended for age estimation to protect the oto-
liths (Butler, 1992).

Lengths of larval fish are routinely mea-
sured to estimate larval age, growth and mortal-
ity. Whatever the purpose of the measurement,
larval shrinkage during collections or fixation
can result in many errors. The objective of this
study was to estimate shrinkage of haddock
larvae after preservation in 95% ethanol and to
determine the effect of size on the amount of
shrinkage.

MATERIALS AND METHODS

From March 1991 to May 1993, 27 surveys
were conducted along the Scotian Shelf to lo-
cate and characterize larval fish populations
over Emerald and Sable Banks (fig. 1). Ichthyo-
plankton and zooplankton were collected using
a 50 cm bongo, mounted with 150 and 250 pm
mesh nets (March-May 1991). A rectangular
midwater trawl RMT(2-8), with nets of 2 and
8 m? mouth openings and respective meshes of
333 and 1,600 pum (June 1991 to May 1993),
was also employed. At each station, oblique
hauls were made from near the bottom to the
surface, at a speed of 2.0-2.5 knots for 30 min-
utes, using the bongo and RMT. The majority
of fish larvae and all juveniles were immediate-
ly sorted from the samples at sea and preserved
in 95% ethanol. The larvae escaping detection

registrar cualquier caracteristica numérica. En
el campo, la clasificacion y el andlisis de las
larvas de peces es dificil e impractica, por lo
que se preservan las muestras para analizarlas
posteriormente. El encogimiento en longitud
de las larvas de¢ peces es una consecuencia
de multiples causas involucradas en la captura
(tiempo de calado, friccién con la red. etc.) y
del medio de preservacion (Blaxter, 1971;
Schnack y Rosenthal, 1978; Theilacker, 1980;
Hay, 1981, 1982, 1984).

Los estudios sobre ¢l encogimiento de la
longitud son importantes para estimar la fongi-
tud en fresco, el crecimiento y la mortalidad de
las larvas de peces. El tipo de medio de pre-
servacion que se utilice dependerd del propo-
sito del estudio. Generalmente, en estudios
taxondémicos y de alimentacion, el ictioplancton
se preserva en formalina (Ahlstrom, 1967;
Blaxter, 1971); en estudios de edad, se reco-
mienda etanol al 95% (Butler, 1992).
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nes de la edad, el crecimiento y la mortalidad,
y el encogimiento, de no estimarse, producird
errores importantes. El objetivo del presente
trabajo fue estimar ¢l encogimiento en longitud
de las larvas de haddock (eglefino) preservadas
en etanol al 95% y determinar ¢l efecto de la
talla en el encogimiento.

MATERIALES Y METODOS

Las larvas de haddock fueron recolectadas
en cruceros oceanograficos, de marzo de 1991
a mayo de 1993, en la plataforma de la Nueva
Escocia, Canada (fig. 1). Se recolectaron el
zooplancton e ictioplancton usando una red
bongo de 50 cm de diametro de boca y redes
con 150 y 250 pum de luz de malla {(marzo a
mayo de 1991). Ademas, se utilizd una red rec-
tangular de media agua RMT(2-8), con redes de
2 y 8 m? de abertura de boca y 333 y 1,600 um
de luz de malla, respectivamente (junio de 1991
a mayo de 1993). Se efectuaron arrastres obli-
cuos en cada estacion, con una duracién de
30 minutos, desde cerca del fondo hasta la
superficic a una velocidad de 2.0 a 2.5 nudos.
La mayoria de las larvas y los juveniles de
haddock se separaron del resto del zooplancton
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Figure 1. Location of the grid of stations where the haddock larvae were collected from 1991 to

1993, in the Nova Scotia Sheif, Canada.

Figura 1. Localizacion de la red de estaciones donde se recolectaron las larvas de haddock de 1991
a 1993, en la plataforma continental de la Nueva Escocia, Canada.

were preserved in 4% buffered formalin with
the remainder of the sample and sorted from
other zooplankton in the laboratory. A subset of
haddock larvae and juveniles were videotaped,
using a stereo dissecting microscope connected
to a video camera and magnetoscope. Larvae
were then individually preserved in 95% etha-
nol. The foregoing is easier and quicker than
measuring each one of the larvae and preserving
them individually; furthermore, when more than
one morphological characteristic needs to be
measured, the time involved increases signifi-
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the larvae preserved in
95% ethanol for one to two months after cap-
ture were measured to the nearest 0.1 mm, using
a stereo dissecting microscope equipped with an
ocular micrometer.

Standard length of larvae from videotape
images was determined from the image on a
television monitor. The screen was linked to a
computer and the measurements made using an

a bordo del barco y se preservaron inmediata-
mente en etanol al 95%. Las larvas que no se
separaron fueron preservadas en formalina al
4% con el resto del zooplancton. Antes de ser
preservadas, se filmé una submuestra de larvas
y juveniles, utilizando un microscopio este-
reoscopico conectado a una camara de video y
a un magnetoscopio; posteriormente, se preser-
varon individualmente las larvas en etanol al
95%. Esto es mas facil y rapido que medir cada
una de las larvas y preservarlas individual-
mente; ademas, cuando es necesario medir mas

arantericting e At e

de una caracteristica mu[fOiUgica. el tiempo
requerido incrementa significativamente. En el
laboratorio, la longitud estandar de las larvas
preservadas de uno a dos meses en etanol al
95% se midié con una precisién de 0.1 mm,
utilizando un microscopio estereoscépico con
micréometro ocular.

La Jongitud estandar en fresco de las larvas
que se filmaron se determiné proyectando su
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Table 1. Average percent shrinkage and standard deviation of haddock larvae in the size categories

preserved in 95% ethanol.

Tabla 1. Porcentaje promedio de encogimiento en longitud y desviacion estandar de las larvas del

haddock preservadas en etanol al 95%.

Fresh length Mean shrinkage SD N
(mm) (%)
0-5 26.8 35 33
5-10 13.2 1.9 3
10-15 9.7 23 3
15-20 9.5 3.5 51
20-25 10.4 4.0 17
25-30 5.1 24 4
45-50 2.0 0.0 1
50-55 2.0 03 5
55-60 1.9 0.6 6
60-65 2.1 0.9 3
65-70 1.8 0.4 2
80-85 1.2 0.0 1

image analysis system (OPTIMAS). The per-
centage of shrinkage (8%) for individual larvae
was calculated as:

S(%) = 100(L, — LY,

where L, is the fresh recorded length and L, the
preserved length.

RESULTS

A total of 129 haddock larvae, ranging from
2.5 to 82 mm preserved standard length, were
measured. The larvae with 15 to 82 mm length
were videotaped during the June and July 1991
and May 1993 surveys and come from the east
of Sable Island Bank; larvae with 2.5 to 14 mm
length were videotaped during the April and
May 1992 surveys and come from Emerald
Bank (fig. 1). For analysis, larvae were divided
into 5 mm length classes. Results are presented
in table 1. Shrinkage was observed in all pre-
served larvae. Haddock larvae < 30 mm showed
the most significant shrinkage. Length changes
were negligible for preserved haddock larvae
45 mm and longer. Shrinkage is related to size;

imagen en un monitor y utilizando un programa
de computadora para analisis de imagenes
(OPTIMAS). Se calculo el porcentaje de enco-
gimiento (S%) de cada larva como:

S(%) = 100(L, - L,)/L,

donde L; es la longitud en fresco y L, la longi-
tud preservada.

RESULTADOS

Se midio6 un total de 129 larvas de haddock,
con intervalo de 2.5 a 82 mm de longitud
estandar. Las larvas de 15 a 82 mm de longitud
se filmaron durante las campafias de junio y
julio de 1991 y de mayo de 1993, y se reco-
lectaron al este de Sable Island Bank; las lar-
vas de 2.5 a 14 mm de longitud se filmaron
durante las campafias de abril y mayo de 1992,
y se recolectaron sobre Emerald Bank (fig. 1).
Para ¢l anélisis, se agruparon las larvas en
intervalos de 5 mm. Los resultados muestran
que el encogimiento en longitud se presento
en todas las larvas preservadas (tabla 1). Se ob-
servo el encogimiento mas importante en larvas
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longer larvac generally shrink proportionally
less than shorter larvae.

The average shrinkage was 26.8% in newly
hatched, 2.5-5 mm, haddock larvac and de-
creased with an increase in size, from 13.2 to
10.4% for larvae > 5 mm to <25 mm, respec-
tively (table 1). Shrinkage of larvae >30 mm
decreased to a negligible amount, 1.9% on aver-
age. Variability in shrinkage was highest for
larvae in the 10 to 25-mm size range, which
consisted mostly of first-feeding and early
metamorphosed larvae. Percent shrinkage (5%)
was related to fresh standard length (L) with
the equation (fig. 2):

S(%) = 24.31e"9%0 (12=0.76, n = 129).

The relationship between preserved (L) and
fresh standard length (I.;) was described by a
linear regression for haddock larvac (fig. 3):

L= 1.531 + 1.005L, (r* = 0.99, n = 129)

The slope and the intercept are significantly
different from zero (p < 0.001). Thus, the
amount of change in length due to preservation
is a function of size.

DISCUSSION AND CONCLUSIONS

Body shrinkage is a well-documented con-
sequence of capture and preservation (Blaxter,
1971: Schnack and Rosenthal, 1978; Hay,
1981, 1982, 1984; Radtke and Waiwood, 1980;
Theilacker, 1980; Hjorleifsson and Klein-
MacPhee, 1992). Hay (1981) showed that fixa-
tion of larval herring immediately following
death caused a 5% decrease in body length,
and that a delay of 10 minutes between death
and fixation in formalin increased the shrinkage
by 30-40%. However, Radtke and Waiwood
(1980) found that fixation of reared Gadus
morhua larvae in ethanol resulted in body
shrinkage that was dependent on the age of the
larvae and independent of the time of death.
The same pattern was observed in the present
study (table ), where smaller larvae shrank
relatively more than larger larvae when fixed
in ethanol. This may be because younger fish

de haddock <30 mm. Se observaron cam-
bios minimos en longitud en larvas de haddock
> 45 mm. El encogimiento esta relacionado con
la talla: las larvas mas grandes se retracn menos
que las larvas mas pequenas.

El encogimicento promedio de las larvas de
haddock recién eclosionadas (2.5 a 5 mm de
longitud) fue de 26.8%, y disminuyd con el
incremento en talla, variando de 13.2 a 10.4%
para larvas > 5 mm a < 25 mm, respectivamente
(tabla 1). El encogimiento promedio cn larvas
>30 mm de longitud disminuyo a 1.9%. La
variacion en el encogimiento fue mayor en las
larvas de 10 a 25 mm. las cuales consisten
principalmente de larvas durante la primera ali-
mentacion ¢ iniciando la metamorfosis. El por-
centaje de encogimiento (§%) se relaciono6 con
la longitud en fresco (L;) mediante la siguiente
ecuacion (ig. 2):

S(%) = 2431790 (12=0.76, n = 129).

La relacion entre la longitud cstandar pre-
servada (L.,,) y la longitud estandar en fresco
(L) fue descrita por una regresion lineal
(fig. 3):

L= 1531 + 1.005L, (r*=0.99, n = 129)

La pendiente y el intercepto son significa-
tivamente diferentes de cero (p < 0.001); esto
indica que el efecto de la preservacion csta en
funcién de la talla de la larva.

DISCUSION Y CONCLUSION

El encogimiento en longitud es una con-
secuencia bien documentada en la captura y
preservacion del ictioplancton (Blaxter, 1971;
Schnack y Rosenthal, 1978; Hay, 1981, 1982,
1984; Radtke y Waiwood, 1980; Theilacker,
1980; Hjorleifsson y Klein-MacPhee., 1992).
Hay (1981) mostro, para larvas del arenque,
que la preservaciéon en formalina inmediata-
mente después de la muerte causoé un encogi-
miento del 5% de la longitud, y que un retrazo
de 10 minutos entre la muerte y la preservacion
incrementd la retraccion de 30 a 40%. Sin em-
bargo, Radtke y Waiwood (1980) encontraron
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Figure 2. Percent shrinkage (S%) as a function of fresh length [L; (mm)]. An exponential model
was fitted to the fresh length data: S(%) = 24.31e*%*L0(¢? = 0.76, n = 129).

Figura 2. Porcentaje de encogimiento (S%) en funcion de la longitud en fresco [L.(mm)]. Se ajustd
un modelo exponencial a los datos de longitud en fresco: S(%) = 24.31e™* %L = 0.76, n = 129).
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Figure 3. Fresh length [L; (mm)] as a function of the preserved length [L, (mm)]. A linear model
was fitted to the preserved length data: L, = 1.531 + 1.005L, (r* = 0.99, n = 129).

Figura 3. Longitud en fresco [L, (mm)] en funcién de la longitud preservada [L., (mm)]. Se ajusté un
modelo lineal a los datos de la longitud preservada: L, = 1.531 + 1.005L, (r* = 0.99, n = 129).

contain relatively more water that was replaced
by the ethanol, or that a more rigid bone
structure is present in the bigger fish. Ehrlich
(1974) showed that water content of larvae
decreased with age and length. Therefore,
younger, smaller larvae may stand to lose rela-
tively more water and shrink more than older,
larger larvae.

que la preservacién en ctanol de larvas del
bacalao Gadus morhua tuvo como resultado un
encogimiento de la longitud que fue depen-
diente de la edad de la larva ¢ independiente del
momento de la muerte. Se observé un patron
semejante en el presente estudio (tabla 1),
donde larvas pequefias se encogen relativa-
mente mas que las larvas grandes cuando se
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The normal tow time for ichthyoplankton
samples was 30 minutes, and if the larval fish
are preserved in 95% ethanol, it is possible
to back-calculate the fresh length for a given
preserved length. Nevertheless, we did not con-
sider the shrinkage that takes place while the
fish is still within the nct.

In conclusion, the preservation of haddock
larvae in 95% ethanol produced body -shrink-
age, which was dependent on the size of the
larvae. On average, newly hatched larvae shrink
27% in standard length, first-feeding to meta-

morphosed larvae shrink 10% and larger larvac
shrink 2%.
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