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Abstract

Techniques for extracting and analysing fluorescent pigment for determining the age of crustacea are
described. Criteria for assessment of flucrescent ageing pigments (FAP) in different tissues are
discussed. These pigments in eye and tail muscle tissues from the western rock lobster (Panulirus
cygnus) and in eye tissues from scampi (Metanephrops andamanicus) are considered as a function of
carapace length of animals from several geographical areas. The extreme variability in the data
probably reflects both differences in the rate of FAP accumulation and the intrinsic problem of using
carapace length as a determinant of age. It may be possible 1o utilise FAP content of eye or tail muscle
to determine age groups or annual cohorts of the western rock lobster within a geographical site.
However, evaluation of the efficacy of FAP as an age determinant will require long-term assessment
(5-7 years) of animals in aquarium studies and tag-recapture experiments. Accumulation of FAP can be
affected by variations in diet and other environmental factors influencing metabolic rates. Hence, data
from this preliminary study do not provide assurance that FAP will have the resolution needed for age
determination in P. cygnus.



INTRODUCTION

Determination of the age of juvenile and adult western rock lobsters,
Panulirus eygnus George, has been confined to morphometric measurements,
notably carapace length (see Phillips et al., 1980). Generally, carapace
length is used to group lobsters into one-year age classes. This does not
allow fine assessments of growth in aguaria or field samples, or of the
effects of environmental factors, such as food availabiility and physico-
chemical variations. The establishment of a precise age criterion has wide
and important implications for research and for the management of the western
rock lobster fishery and, by extension, to lobster fisheries elsewhere.

The term "lipofuscin® originally described age-related brown pigment
granules observed in histological sections of animal tissues (see Elleder,
1981)., Lipofuscin is thought to accumulate in lysosomes (see Brunk & Collins,
1981) as a result of cellular 1ipid peroxidation processes. It is
characterised by a Schiff-base chromaphore that results from cross-linkage of
maionaldehyvde or other carbonyl compounds and amino acids or their esters
associated with proteins, nucleic acids, phospholipids and other cellular
molecules {(see Donato, 19B1). Lipofuscin is not a single pigment but a class
of pigments, with different polymers in different tissues exhibiting
characteristic chromaphore fluorescences (Sohal, 1981).

Lipofuscin accumulation in tissues has been determined by histochemical
and organic solvent extraction methods (Brizzee & Ordy, 198%1; Elleder,
1981). Lipofuscin in chloroform extracts of animal tissues exhibits
excitation maxima of 340-370 nm and emission maxima of 420-470 nm (Fletcher et
al., 1973). Accumulation is more apparent in non-mitotic tissues or post-
mitotic tissues than in mitotic tissues (Sheldahl & Tappel, 1974). However,
it is not known whether the fluorescence in chloroform extracts of animal
tissues truly reflects lipofuscin sensu etricto or lipofuscin and other age-
related fluorescent compounds (see Nicol, 1987). This controversy will not be
resolved until the chemical nature of the fluorescent materials is fully
determined and the biochemical processes of accumulation are elucidated.
Hence, we follow the recommendation of Sohal (1984) that fluorescent compounds
in chloroform extracts of animal tissues be referred to by a separate term,
i.e. fluorescent ageing pigments (FAP}),

Fluorescent ageing pigments have been found in the tissues of animals
from most phyla (see Ettershank et al., 1983). These pigments, which
accumulate as a function of the metabolic activity of the tissues, have been
used to determine the physiological age, and in some cases chronological age,
in poilkilotherms and in homeotherms (see Dapson et al., 1980; Mail et al.,
1983; Lehane & Mail, 1985). They have also been used to evaluate the
structure of populations of Antarctic krill, Fuphausia superba (Ettershank,
1983, 1984).

Results are presented from preliminary studies to a) assess the
accumulation of FAP in tissues of the western rock lobster and b) determine
the efficacy of FAP as a criterion for age determination. A secondary
objective was to determine a tissue type that would allow application of the
method to specimens used in tag-recapture experiments, to evaluate fine scales
of growth and ageing. Eye tissues were considered to be the best choice for
this purpose.



Results from opportunistic experiments with scampl (Metanephrops
andamanicus) are also presented.

MATERIALS AND METHODS

Animal samples

Specimens of the western rock lobster (Panulirus cygnue) were collected from
the coastal shelf region of Western Rustralia, near Perth (Garden Island and
Yanchep) and Seven Mile Beach, Dongara (Table 1). BAnimals were held in the
aquarium system of the Western Australian Marine Research Laboratory,
Watermans, until dissection. Pairs of eyes from the fresh commercial catch
received by the Fremantle Fishermans Cooperative (Perth region) were stored
frozen (~80°C} for about 8 weeks.

Table 1, Data on experimental specimens of western rock lobster (Panulirus
cygnus) and scampi (Metanephrops andamanicug) collected in 1986,

Western rock lobster Date collected Range of Total
carapace M F

lengths (mm)

Garden Island, Perth 14 Jan 45,.6-82,3 12 15 27
Garden Island, Perth 22 Jan 42.4-81.8 11 6 17
Yanchep, Perth 17 Feb 87.6-150.,0 10 13 23
Seven Mile Beach, Dongara 20 Feb 35.8-66.3 25 22 47
Fremantle Fishermans 3¢ Jan 77.4-126.9 - - 58
Cooperative {(eyes only) -
Total 172
Scampi

North West Shelf (frozen) Feb.-Apr. 29,5-57.8 10 22 32
North West Shelf (formalin) Feb.-Apr. 28.3-60.9 15 19 34
Total 66

Scampi (Metanephrops andamanicus) were obtained from the Northwest Shelf
fishery (between Dampier and Derby, 350 - 450 m depth) and stored frozen
{-20°C, for 4 weeks) or in 5% neutralised marine formalin.

Morphometric characteristics (carapace length, eye fresh weight (FW) and
diameter, tail FW, sex) were determined for each live specimen of P. cygnus
before storage. Generally, eye pairs, tail muscle and the fifth left
pereiopod were retained and frozen before FAP extraction. In preliminary
experiments, fresh and formalin-stored tissues were assayed for FAP content.



Fluorescent age pigment (FAP)

Preliminary experiments with P. ceygnus showed that tissues must be finely
macerated to maximize FAP extraction by organic solvents and achieve
acceptable repeatability of FAP yields. Less finely macerated tissues
required relatively long periods (5 to B min) of ultrasonic disruption of both
tail muscle (100-500 mg FW) and eye tissues (70-400 mg FW). This treatment
heated the extraction solvent and increased evaporation of chloroform from the
extraction solution. Consequently, FAP extraction was carried out in two
stages: first, agueous maceration and lyophilisation of tissues, and second,
extraction by organic solvents. In addition, the agueous maceration alleowed
replicate subsampling of a tissue during preliminary experiments to assess the
effects of different disruption technigques on FAP yield. Repeated freezing
and thawing of tissues, mechanical grinding, chemical (1-5% Triton X-100) and
ultrasonic disruption of cellular membranes were evaluated for thelr efficacy
in the extraction process. The effect of storage (frozen and formalin-treated
tissues) on FAP yield was also evaluated.

Generally, 0.5-1.0 g FW of tail muscle (anterior oblique 1; Paterson,
1968), a single eye (> 150 mg FW per eye) or an eye pair (< 100 mg FW per evye)
from P. eygnus was thawed, weighed, and homogenised in 4 ml distilled water
with a glass mortar and pestle. The empty exoskeleton of eve samples was
discarded. The tissue slurry was lyophilised to dryness and the dry weight
determined.

Fluorescent ageing pigments were then extracted into chloroform by
standard organic solvent methods (see Ettershank, 1983)., A known dry weight
of lyophilised tissue was placed in a glass centrifuge tube and 5 ml
spectroscopic grade chloroform-methancl (2:1, v:v} was added. The tube was
transferred to a beaker of ice and water and the sample was ultrasonically
disrupted (Dawe Soniprobe, Model 753A with microprobe) at 125 watts for 2
min. Chloroform (1.0 ml) was added to replace evaporative loss during
sonication, and the sample was held in an ice bath for 10 min. The solution
wags phase-separated by addition of 2.5 ml distilled water and centrifugation
(3000 g, 10 min}. The lower chloroform layer containing FAP was transferred
to a stoppered measuring cylinder for volume determination prior to
spectroflucrometry at 20°C. In some cases, the volume of the residual
methanol-water homogenate was noted and a subsampie frozen for protein
determination.

Spectrofluorometry

The fluorophore content of extracts was evaluated with a Zeiss
spectroflucrometer (Model PMQ3} fitted with an automatic amplification unit,
using manufacturer's settings and standard 1 cm2 square-section
spectrofluorometer cuvettes. Fluorescence emission values were recorded at 10
nn intervals hetween 390 and 480 nm with an excitation wavelength of 350 nm.
The spectrofluorometer was standardised with quinine sulphate solution

{1 mg1 NHBSO excitation 350 nm, emission 445 nm) and fluorescence
intensities were determined in 1/1000th units of the full-scale deflection of
the standard solution.

Spectroflucorometric {excitation 350 nm, emission spectra 360-600 nm) and
spectrophotometric (380-600 nm) scans were made of the FAP extracts for each
tissue type from a range of specimen sizes {carapace lengths) to evaluate any
interfering pigments.



Protein determination

A sample (eye, 1.0 ml; other tissues, 0.5 ml) of the methanol-water fraction
was assayed for protein {(Lowry et al., 1951), using bovine serum albumen as a
standard.

Data analysis

Fluorescence intensity at the appropriate spectral maximum for each tissue
{eye, 420 nm; tail and pereiopod muscle, 460 nm) was corrected for the
chloroform blank emission, and the result expressed as a percentage of the
quinine sulphate standard in Relative Fluorescence Units (RFU). The
fluorescence intensity for extracts from éye tissues of both P, eygnus and
M. andamanious was diminished by an emission—absorbing pigment at a
concentration determined by specimen size (see Results). The RFU for each eye
sample was calculated after the fluorescence intensity value was corrected for
sample self-absorption. Allowing for use of a constant sample volume and the
geometry of the fluorescence emission unit and cuvette, mean self-absorption
in the sample would be represented by (100-%T)}/2, where %T is the
spectrophotometric percentage transmission of the chleoroform extract at the
spectrofluorometric spectral maximum of the tissue type. Hence for the eye
extracts the corrected fluorescence intensity = observed flucrescence

. intensity x 100(100 - (100 - %T)}/2)~1, The %T for eye tissue extracts was
sometimes determined directly, but was generally calculated from linear
functions for %T versus carapace length determined experimentally for

P. eygnus and M. andamanicus.

Generaliy, FAP content was expressed as RFU, g-1 FW tissue or RFU eye-1
and considered as a function of animal size (carapace length}. Curve

functions were determined by iterative fitting with the Simulation, Analysis
and Modelling program (Berman & Wiess, 1967) revised to SAAM-31 adapted for an’
IBM-compatible Olivetti M24 PC (R. Boston, pers. comm.).

RESULTS

The relationship between eye and tail weights and carapace length in both
Panulirus cygnus and Metanephrops andamanicus are best described by non-linear
functions (Figs. 1, 2 & 3). However, the animals used in the FAP
determinations all had carapace lengths within a nearly linear phase of the
curve; in P. eygnus this represents about 90% of the known size range of the
benthic phase of the life cycle.

Protein concentration was considered as an alternative to fresh weight
for normalising FAP content between tissue samples, but was rejected because
of its greater variability (Fig. 4). The non-systematic errors in protein
colorimetry probably resulted from inhomogeneity of finely macerated tissues
in the methanol-water fraction. The variability in protein values did not
indicate that penetration of tissues and extraction of FAP by the chloroform-
methanol solution was either variable or inadequate, as a close correlatlon
was demonstrated for P, cygnus between extracted FAP and weight of tail muscle
{(Fig. 5). ' '
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FIG. 6. Panulirus cygnus. Fluorescence emission spectra for extracts of eye
and tail tissues from small and large animals. (Fluorescence
intensity corrected for chloroform blank but uncorrected for
"interference" compounds).



