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Foreword

Gene R. Huntsman
Workshop Chairman

This workshop was sired by necessity and mothered by the
separation of reef scientists. Information demands generated by the
Fishery Conservation and Management Act brought the realization that
clear channels of communication had to be opened between reef researchers
greatly divided by geography and discipline. The purpose of this
workshop was to enhance the needed communication.

In our workshop, we brought together academic and government
scientists, and workers from the Atlantic with their counterparts from
the Pacific.  Through the workshop NMFS reef researchers at the South-
east Fisheries Center became more aware of fellow workers with similar
problems at the Southwest Fisheries Center and vice versa, although
budget constraints prevented attendance of representatives of the
Honolulu Laboratory. Even relationships within the Southeast Fisheries
Center were strengthened as face to face interchange replaced telephone
conversations and memoranda.

Equally important as the bridging of geographic gaps was
dialog between disciplines. Ichthyoplankton specialists talked to
behaviorists, students of growth with population modellers, and ecologists
with assessment biologists. The workshop achieved the cross-fertilization
of ideas that is so essential to the research necessary for successful
fishery management.

Two definitions are needed to allow us to fully understand
SEFC reef research and the discussions at this workshop. First, we need
a definition of reef, and hence, secondly a definition of reef fish. To
the Southeast Fishery Center the term reef includes not only the shallow
high relief coral areas of South Florida and the Caribbean, but also the
deeper, (to 70 m), less spectacular but extremely abundant, live-bottom
reefs in the South Atlantic and Gulf of Mexico, and the socalled deep-
reef areas (70-300 m) along both the continental and insular shelf edges
throughout the region. To a great extent we define reefs faunistically,
since all the habitats mentioned are occupied principally by snappers,
groupers, porgies, grunts, and other groups of tropical affinity. We
include live bottom and deep-reef are as in our reef definition even
though they are distributed to high latitudes (35°N) and even though
water temperatures on the deeper sites may never be extremely warm.
Under our inclusive definition of reef, the term reef fish includes many
animals not ordinarily associated with shallow coral reefs, such as gray
tilefishes, (Caulolatilus spp.). Our broad definition is important to
understanding the research problems of the SEFC, because deep reefs are
immensely more difficult to study than shallow reefs. Deep reefs are at
such depths that divers can work only the shallowest portions, and, even
then, have 1ittle time for observation. Because deep reefs are often
far from land, research support vessels must be large and consequently
expensive.




We further need a definition of reef fish user. In most
fishery contexts, the term user implies consumption and indicates commercial
and recreational fishermen. At the SEFC we realize that extremely
important users of reefs are nonconsumers. Fish watchers, who employ
snorkel or scuba gear, are numerous and their needs must be considered
in research and management schemes.

We also want to describe the rationale for the organization of
the workshop. In general we used the production equation (i.e. biomass
in year 2 equals biomass in year 1 plus growth, plus recruitment minus
mortality) as our guide to structuring the meeting. Of six sessions one
was on growth; one each on reproduction and recruitment processes, both
of which bore on recruitment; and one on stock assessment, or the measuring
of biomass. Two other sessions, one on ecological interactions and
their implications to management, and one on modelling of reef fisheries,
dealt with synthesizing information on intra- and interspecies effects
of fishing and predicting the behavior of reef fisheries.

Despite our desire to achieve a mix of ideas, we wanted to
keep the meeting small enough so that coherent and fluid discussions were
possible. Therefore, we were forced to choose only a few scientists to
represent each discipline. Unfortunately many distinguished reef scientists
could not be invited. We wish that we could have accomodated more, and
hope that those who were not invited understand our problem.

One significant omission from our workshop was the subject of
ciguatera. The omission was intentional, not because we felt ciguatera was
unimportant, but because it is a subject so large that we could not do it
justice in our crowded schedule. Moreover, we felt ciguatera to be more a
problem of fishery usage than of production, our main interest.

Finally as chairman of the steering committee, I want to thank
many people: Richard Uchida, whose request for information on SEFC
research prompted our initiation of a workshop; Bill Richards, Chuck
Manooch, and Pete Parker, who were invaluable in planning the workshop
and corresponding with speakers and attendees; and Jack Damman, who
handled all the local arrangements, and who made our meeting congenial
as well as scientific. Thanks also go to Bi1ll Fox, Omar Munoz, Ted Rice
and Hector Vega, who provided the necessary institutional, moral, and
financial support. And finally, great thanks to the speakers and audience,
who made our discussions so stimulating and fruitful.

iv



OVERVIEW COMMENTS

by

William W. Fox, Jr.
Director, Southeast Fisheries Center
NOAA - National Marine Fisheries Service
Miami, Florida

Our research center has the responsibility to provide scientific
advice for the management of fisheries in the Southeast Region of the United.
States. This region includes the South Atlantic Bight, Gulf of Mexico and
Caribbean Sea. Reef-related resources in this region are extremely important
to commercial fishing enterprises, subsistence fishing, and recreational
fishing activities. I define reef-related resources in the sense of
resources which appear to be aggregated by sea bottom relief, be it soft
corals and sponges, hard corals or rocky areas--in the tropics all three
substrate types exist. There are 10 fishery management plans dealing with
reef-related resources out of 23 under development by the three Regional
Fishery Management Councils in the southeast, underscoring the importance
of developing scientific advice on those resources. This week we are
focussing on vertebrate fishes associated with reefs. Five of the fishery
management plans deal with them. We will not directly consider important
invertebrates 1ike lobsters, crabs, or the corals and sponges themselves,
but only in the sense of their interactions with the vertebrate fishes that
have significant influences on the scientific advice for managing those
fishes.

Generally speaking, to provide adequate scientific adyice in
managing a living resource, one must be able to (1) characterize its status
so that managers can decide what, if anything, needs to be done, (2) predict
the impacts on the resource and its fishery of alternative management
measures, and then (3) monitor and assess the effectiveness of those
measures and confirm or restructure the predicted impacts in an empirical
manner. In developing the appropriate scientific advice we find significant
shortcomings in the data on reef fisheries and in the knowledge of reef fish
dynamics. For virtually all southeastern reef fisheries we do not even know
the magnitude of the biomass being extracted, much less its species
composition or age composition. There is no time series of biomass assess-
ment which would provide the trajectory of the reef resources under
exploitation; further there is no generally-accepted routine technology for
doing so in an adequate manner. Finally, we find that knowledge of the
biological factors critical to developing predictions of impacts simply is
not adequately developed.

One of the critical bits of knowledge is delineation of unit stocks,
i.e. what constitutes a unit stock of reef fish populations? This is
related to answering the question of recruitment in forming the reef
aggregations: Are recruits from adult fish that inhabit the reefs or
from a spawning in a common location which drifts to various reef communi-
ities? How do the oddities of reef fish Tife history strategy like
protogynic hermaphroditism and a strong dependance on piscivous predator-prey



relations affect our advice? Tropical reef communities have very diverse
speciation with many species being relatively short lived so that energy
and lebensraum are transferred or turned over very rapidly, yet most reef
fisheries tend to target on species that are the largest among reef
inhabitants and are relatively long lived; does this provide for stability
or does it indicate fragility in fisheries for specific species? We need to
understand these mechanisms well enough to develop mathematical models which
can then be reduced to proximal, understandable management criteria. We
need to know what to sample in monitoring the reef system to determine the
impacts (or lack thereof) of management measures.

The results of this workshop will provide the fundamental base for-
launching our research program to develop a theory of fishing for tropical
reef fish communities and to develop an appropriate monitoring and assessment
program. We hope to determine the current state of the art and to air the
research problems that I and others of you will identify. From this we will,
with your help, formulate our research directions.

Vi



SESSION 1

Aging of Reef Fishes

Chairman

Charles S. Manooch, III



AGING REEF FISHES

Edward B. Brothers
Section of Ecology and Systematics
Cornell University
Ithaca, New York

INTRODUCTION

Information on the age and growth of fishes is a central ele-
ment in fishery management analysis. Unfortunately, age determination
methodology is far from standardized and serious difficulties arise in
attempting to attain the high levels of precision and accuracy needed
for many detailed studies. In a recent review, I have dealt with the
general subject of aging tropical fishes (Brothers 1980a). The follow-
ing is a slightly modified version of that paper with additional emphasis
on otolith microstructure studies on reef fishes.

Common biological characteristics of tropical fishes, such as
weakly expressed annual or seasonal growth and reproductive cyzles and
their population structure consequences, have made age and growth rate
determination difficult for many species. Knowledge and experience gained
from anatomical and statistical studies on temperate fishes can sometimes
be successfully adapted to the tropics. However, due to the complexity
of interpreting the significance of time markers in calcareous struc-
tures, or of unraveling population dynamics, this has proven to be a
chalienging and sometimes imprecise science. A second factor contri-
buting to the problems of age and growth rate determination of tropical
fishes is the greater difficulty in obtaining large, representative
samples and statistics for what are typically small-scale or artisanal
fisheries.

The purposes of this contribution are first to briefly
characterize and review approaches and general results of past studies on
reef fishes and other tropical species. Second, major emphasis is
placed on recent investigations utilizing analysis of otolith micro-
structure to obtain extremely detailed growth history information. This
approach represents a long-awaited breakthrough in the aging of tropical
fishes. Appropriately it is reviewed and discussed in greater detail,
with some brief examples of current applications.

There are three basic approaches to the determination of age
and growth of fishes: (1) direct measurement of growth in certain
individuals and extrapolation to the population, e.g. mark-recapture
studies or growth in confinement; (2) statistical approaches based on
measurements of large samples, e.g. modal progression in a time series
of length-frequency histograms; (3) aging individuals on the basis of
regular periodic markers in hard structures (usually calcified) such as
scales, otoliths and bones (anatomical method). Reviews of various
aging techniques can be found in Graham (1929), Menon (1953),

Chugunova (1959), Tesch (1971), Weatherley (1972), and Ricker (1979).
Several authors have specifically dealt with tropical fishes (Menon 1953;



DeBont 1967; Fryer and Iles 1972; Lowe-McConnell 1975). Evaluation of the
numerous examples cited in these papers plus many other specific studies
on tropical fishes reveals that the popularity of traditional anatomical
methods so successfully applied for temperate fisheries, is not really
justified by the results obtained in the tropics. There have been no
substantial improvements in the preparation and viewing methods first
developed around the turn of the century. For the vast majority of
studies there is only very feeble proof of validation. And finally, the
weak or complex expression of age marks in many tropical species makes
what in temperate fish is often a subjective discrimination problem an
even worse situation with 1ittle hope for reproducibility between workers.

The major difficulty of directly aging tropical fishes
(anatomical methods) is the apparent equitability of growth processes
throughout the year, at least in comparison with most temperate fishes.
A growing body of evidence is demonstrating that although this is true
in a general sense, there are still clearly observable annual, seasonal,
and shorter term rhythms of somatic and gonadal growth and development,
feeding intensity, and movements in tropical fishes (Chevey 1933; Menon
1953; Randall 1961; Munro et al. 1973; Talbot, Russell, and Anderson
1978). In a number of examples these rhythms have at least been
correlated with the appearance of marks in various calcified structures
(Pantulu 1962; Poinsard and Troadec 1966; LeGuen 1976; and several
studies on tropical freshwater species). More detailed analyses of hard
tissues are needed to determine whether they contain records of such
rhythms. Otoliths of many of the species have an overabundance of
potentially decipherable marks; discovering their significance is a
major challenge for the future.

The perplexing nature of marks in the otoliths, scales and
bones of tropical fishes is exacerbated by the equally great problems
encountered in statistical approaches used either as verifying criteria
or alternate aging methods. The most significant of these complicating
circumstances is that recruitment is typically extended over a Tong
period in the year in many species. As noted above, this is made more
problematical by the often irregular and incomplete sampling programs
available to small-scale fisheries. Thus a major method of analysis,
the examination of length-frequency histograms, can be greatly weakened
due to the broad overlap of age classes, even in the youngest categories.
Further discussion of these statistical approaches is included in the
following section.

REVIEW AND DISCUSSION OF METHODS
TIME MARKERS IN CALCIFIED STRUCTURES

For information on this well established and widely practiced
method see the general reviews referred to earlier as well as those on
otoliths by Blacker (1974) and Williams and Bedford (1974), and on bones
by Menon (1950). Time markers of very short periodicity, e.g. daily
marks in otoliths, will be discussed separately below. A wide variety
of structures are involved in this method, typically scales, otoliths



and various bones such as fin spines, vertebral centra, cleithra, hypurals,
and skull bones. The basic premise of this approach is that periodic
changes in the growth of these structures (both in form, e.g. circuli
spacing on scales, and/or composition, e.g. hyaline and opaque zones

of bones and otoliths) are reflections of changes in growth of the

fish. More specifically the fish may be experiencing endogenous and/or
exogenously induced cycles of somatic growth rate, or perhaps just protein
and calcium metabolism (the major constituents of these structures). The
nature of the causative relationship between the ecology, behavior, and
physiology of the fish, and the observed marks is an important and con-
tinuing area of investigation. Experimental approaches combined with
detailed structural and chemical analyses will potentially yield the
greatest insights (e.g. references in Blacker 1974; Simkiss 1974;

Bilton 1974).

With due respect for a substantial amount of contradictory
results in the literature (only part of which is an artifact of termi-
nology and methods), there still are generally observable patterns in
the calcified structures of temperate fishes. To briefly summarize, in
bones and otoliths, fast or accelerating growth zones usually appear as
broad opaque (optically dense) zones, while slow growth zones are
narrower and hyaline (more translucent). As pointed out by Mina (1968)
and others, the terms hyaline and opaque are relative terms which refer
to optical comparisons of adjacent material. Even under relatively Tow
magnifications, these major zones, which are often demonstrated to
be seasonal in occurrence (i.e. one or two each per year), are seen to
consist of a gradient of optical densities and are composed of a number
of less distinct discontinuities defining "minor" hyaline or opaque
areas. The significance of these minor zones is being elucidated in
microstructural studies (see below). In scales, slow growth zones are
represented by more closely spaced circuli or sclerities, or in some
cases by irregular circuli and evidence of resorption.

The highly seasonal nature of growth and reproduction is
accepted to be related in some way to the appearance of these marks. In
many cases this relation has been clearly demonstrated and the marks are
confidently used for age determination. Well-executed,recent studies
involving subtropical or temperate families also having representatives
in the tropics include McErlean 1963; Moe 1969; Johnson 1972; Tong and
Vooren 1972; Cambell and Collins 1975; Powell 1975; Van der Waal and
Schoonbee 1975; Warner 1975; Gregory and Jow 1976; Davis 1977.

There are a number of advantages of this widely used method.
It affords a relatively simple way to age individual fish, thereby
gaining information on intra-populational variation, as well as estab-
lishing population parameters from representative samples. A powerful
application is the ability to retrieve historical data from the growth
records of individuals by back-calculation. This enables investigators
to extend their growth studies into periods when population and environ-
mental conditions may have been different, allowing, for example, for
the analysis of growth trends with respect to different fishing pressure.
Finally, this method of age and growth determination is not as dependent
upon extensive representative sampling as some of the techniques that



follow.

Age determination by time markers on calcareous structures is
clearly the preferred method; the only substantial disadvantage is the
sometime difficulty of its application and the extreme care and extensive
study that may be necessary to establish its validity in a particular
situation. Once established, the amount of technical skill and elaborate
equipment necessary can usually be kept to a minimum. In many species
marks are observed which are referred to as false annuli or accessory
checks. These are features which may be mistaken for true annual or
other periodic marks without careful scrutiny. They correspond to the
"minor" hyaline and opaque zones referred to above. These accessory marks
may or may not be useful for aging purposes, but this can only be deter-
mined once causative factors or patterns are established. In many tem-
perate and tropical fishes it is noted that either bones, scales, or
otoliths are much more readable. It is not uncommon to find inconsis-
tencies between counts from different structures, particularly concerning
the few annual or seasonal marks. Often, even the best of these structures
require painstaking preparation in order to enhance the visibility of
the marks. Finally there can be a substantial amount of subjectivity
involved in discriminating what are considered to be the "true" time
markers. For a number of reasons mentioned in the introduction, these
problems are exaggerated in most tropical fishes. Many authors simply
note that calcareous structures either have no discernible marks or that
they do not show any decipherable pattern. Therefore it becomes extremely
important to take great care to validate the periodicity of observed marks.
The early works of Graham (1929) and van Oosten (1929) were the first to
clearly state a procedure for validating age marks. These criteria have
been further elaborated and used by many researchers. Too many studies,
however, particularly in the tropics, have not followed the criteria in a
rigorous manner.

A revised list and brief discussion of types of validating
criteria follows. Not all are applicable in every case and some are better
than others. The first three are alternate aging methods with which scale,
bone or otolith-derived ages and growth rates can be compared. These will
be discussed separately.

1. Length-frequency analyses of population samples;
Peterson method.

2. Modal-progression analysis in a time series of population
samples.

3. Comparison with growth rates derived from tag-recapture
data or growth in captivity.

4. Determination of the period and timing of mark formation.
This is usually carried out by a qualitative and quanti-
tative examination of the margin of the scales, bones, or
otoliths in samples taken at different times of the year.
This may require special collecting efforts.

5. Determination of the proportionality of growth of the aging
structure and the length or weight of the fish. Once a
relationship is established and mathematically or graph-
ically described, measurements to earlier formed time marks



can be used to back-calculate the growth history of
individuals. A growth curve constructed from these data
should approximately conform to the curve derived from ages
of fish at the time of capture.

6. Comparison of ages derived from different structures, e.g.
scales vs. otoliths.

7. Tag and recapture studies where the calcified igructure
itself is also marked using chemicals such as *°Ca (Irie
1960), Tead (Ichikawa and Hiyama 1954) or tetracycline
(Weber and Ridgeway 1967; Jones and Bedford 1968; Wild and
Foreman 1980). Here the number of marks between the chemical
tag and the margin is compared to the known elapsed time
period. This is a powerful tool, but it requires a large
effort in time, energy, and money. An easier, but related
method simply compares the number of annual or seasonal
zones on fish of known age. This may be accomplished by
tag and release where age is known (e.g. for young of the
year) or by holding fish in captivity of some sort. A1l
of these techniques require relatively long periods of time
before results are meaningful and are also subject to the
various biases introduced by tagging and/or artificial
confinement. Williams and Bedford (1974), and Poinsard
and Troadec (1966) point out an analogous validating
technique which relies upon recognition of unusual zones
formed in particular years. These marks may be used as a
reference point for subsequent counts.

8. Comparison of the empirically derived growth curve to
mathematical formulations such as the von Bertalanffy

~growth curve. This is only one of several possible
comparisons (Ricker 1979). A1l have different biological
and non-biological assumptions and a particular one will
usually fit the data better than others; however, wildly
deviant empirical patterns should be suspect.

9. Correlation of the time of mark formation with various
exogenous and endogenous cycles such as temperature,
salinity, rainfall, feeding intensity, condition or repro-
ductive activity. Correlation will not establish a causa-
tive relation; however, this method will at least help to
establish a biological basis for the observed periodically
marked structures.

10. Establishment of objective criteria to discriminate marks;
avoidance of bias by aging coded samples; and comparisons
between readers for consistency.

Criterion 4 is very important, quite straightforward, and it
gives unambiguous results when it can be properly applied. Complications
arise when the marks are found to be formed over a large part of the year
or when different age or size classes form them at different times (e.g.
Moe 1969; Williams and Bedford 1974). The apparently extended period of
mark formation in tropical fishes can lead to ambiguous results, especially
with small samples. Negative results by this test, i.e. determining that
marks may be formed at any time of the year, do not necessarily eliminate
the possibility of them being regular periodic markers. If it can be



shown that the presence of the marks is related to some regular event in
the 1ife of an individual fish, such as spawning every four months, then
these marks can be used for aging almost as well as if all fish in the
population were synchronized.

The studies on subtropical fishes referred to earlier provide
excellent examples of the practical application of many of the above
criteria. A few case studies involving tropical fishes include those by
LeRoux (1961), Pantulu (1962), Krishnayya (1963), and Kutty (1961).

LENGTH FREQUENCY ANALYSIS

Under this heading are included at least three closely related
methods which depend upon large, relatively representative population
samples as their data base. As the size structure of a sample is plotted
as a length or weight frequency histogram, various peaks usually emerge
which are taken to represent modal lengths of age classes, usually yearly,
but sometimes of shorter intervals. There are statistical and computer
techniques to help discriminate the modes by assuming that the total
distribution is composed of a series of overlapping normal distributions
(Harding 1949; Cassie 1954; Mathews 1974; Skillman and Yong 1976; McNew
and Summerfelt 1978). When a single or combined sample is used the
technique is usually called the Peterson method. Here assumptions are
made on the time interval which separates different peaks assumed to
represent age groups (Pauly 1978). A modification involves serially
sampling the same population and then noting the growth of fishes as
reflected in modal class progression with respect to time. Assumptions
in this method involve decisions on which peaks should be interconnected,
i.e. represent the same age class. Finally, in species where modes are
not well developed, occasionally a dominant or scarce year class may act
as a marker which can then be followed as they grow with time. Here one
has to be concerned with the possibility that this age class of fish
may also exhibit somewhat abnormally fast or slow growth.

There are a number of assumptions and conditions which generally
apply to the usefulness of the above method. It works best when recruit-
ment is restricted in time, and when growth is relatively rapid through-
out 1ife with a minimum of variability between individuals and age classes.
Samples must be representative and unbiased with respect to the population
in question; gear selectivity and fish movements altering availability
will strongly affect the results.

The major advantage of length frequency analysis is that it can
be a relatively simple matter to obtain size data from many fisheries.
Thus the catch statistics themselves can, under the right circumstances,
form the basis for the age and growth analysis. This makes it easy and
cheap, requiring no highly skilled technical personnel. There are several
limitations, however, which arise as a result of the fish biology and
sampling schemes not conforming to the assumptions and conditions stated
above. This is particularly true for tropical species.

1. Breeding seasons tend to be prolonged over several months



or more, thus even the youngest age classes are not easily
separable from one another. Short life cycles complicate
and telescope the distributions even further.

2. Older age classes tend to crowd and overlap as growth

typically decelerates and variability within classes increases.

Individual variation, especially differences between the

sexes, may obscure modes if not taken into account.

Dominant or variable age classes may introduce statistical

problems.

5. The lower number available of older fishes due to mortality
makes discrimination of their modes difficult.

6. Due to environmental or population changes, current age or
size specific growth rates determined from length frequency
analysis may not conform with back calculated lengths from
anatomically based aging.

7. The method only allows a statistical characterization of a
large sample; it does not work for individuals or small
samples.

8. Samples are easily biased by gear and site selectivity and
fish movements which may cause size or age classes to
appear and disappear with, for example, reproductive migrations.

~ W

Despite all of these potentially complicating factors, length fre-
quency methods are widely applied, commonly with good results, but also often
with statistically unsubstantiated conclusions. A few examples of the
use of these techniques for tropical fishes includes studies by Sarojini
(1957), Bennett (1961), Pantulu (1962), Longhurst (1965), Fryer and Iles
(1972), and LeGuen and Sakagawa (1973). Olsen (1954) used length
frequency analysis and tagging data to age subtropical sharks in which
no direct aging methods worked. Many fishes, particularly in the tropics,
are demonstrated to have a lunar or semi-lunar spawning and juvenile
recruitment periodicity (Johannes 1978). Thus the minor peaks in re-
cruitment may be followed to gain information at least on early growth.
These cycles are probably the cause for at least some of the "minor modes”
noted by several researchers (e.g. Randall 1961; Feddern 1965).

TAG-RECAPTURE STUDIES

Fish can be marked in a variety of ways such as fin clipping,
tattooing, attaching a variety of external and internal tags and by
chemical exposure (usually injection) which causes a mark to form on
calcareous structures (see above). The measurement of fish length and/or
weight at the time of release and then at recapture can provide direct
information on the growth rate of individuals. These can later be
applied to a mathematical growth description to provide estimates of age
as well. The most important assumption in the method is that the presence
of the tag or perhaps the tagging and capture procedure themselves do not
affect growth rate. This may or may not be true, depending on the species,
type of tag, and other circumstances (e.g. Bardach and Menzel 1957; Fryer
and Iles 1972). 1In some cases the method of capture, such as trapping
may bias results because of the amount of time certain fish spend in
the gear and whether or not the fish can feed while enclosed (Randall



1962). Some other examples of tag-recapture studies on the growth of
tropical or subtropical fishes include Olsen (1954), Randall (1961), and
Joseph and Calkins (1969). As mentioned earlier, tagging studies incor-
porating a chemical marker on scales, bones, or otoliths are very valu-
able for verifying the time period of natural mark formation.

There are a number of significant disadvantages to tag-recapture
studies. These include the uncertainty of the affect of tagging on growth;
the common occurrence of large measurement errors, especially due to the
difficult and usually different measuring conditions at release and re-
capture, sometimes resulting in "negative growth"; the need to mark large
numbers of fish to have sufficient returns (more necessary and more difficult
for older fish); the need for intensive efforts, usually at great expense since
long-term returns may be necessary to show measurable growth; and the
difficulty of individually tagging small and delicate fishes, including
young of the year of larger species. In some cases, this latter problem
has been circumvented by direct diver observation and measurement of se-
dentary fish (Allen 1975). Gunderman and Popper (1975) took advantage of
an accidental fish kill which destroyed the fish fauna of a small reef in
the Gulf of Aqgaba. Natural resettlement occurred soon afterwards during
the normal seasonal spawning peak. Censusing over the following year
established early growth rates for several of the more sedentary species.
Similar experimental studies may be carried out with natural or artificial
reefs. Although no tagging is necessary in such methods, there is still
a strong possibility of "abnormal" growth rates in these altered environ-
ments.

Fragmentary data from tagging studies or other growth studies
can be used to establish more complete growth curves and age estimates.
Growth data such as length at t and t + 1 are fit to a theoretical growth
formula such as the von Bertalanffy using Walford plots (e.g. Weatherley
1972). In this case a straight line is usually fit to the points and
the growth parameters are calculated. The method forces a particular
form of growth curve on the data which may or may not be realistic.

LABORATORY AND FIELD REARING EXPERIMENTS

It is partially possible to rear some species under semi-
natural conditions, either in the laboratory or some sort of enclosure
in the field. The introduction of fish to natural or man-made bodies of
water also falls into this category. In this manner fishes of known age
can be monitored to establish growth rates and to look for marks on
calcareous structures. As in the above preceding case, under such con-
ditions there is an almost certain departure from growth exhibited by fish
in their natural, undisturbed environment.

IN VITRO DETERMINATION OF RELATIVE "INSTANTANEOUS" GROWTH RATES
Ottaway and Simkiss (1977) and Ottaway (1?58) describe a rad-

ically different method which measures the rate of '“C glycine incorpora-
tion by cells associated with isolated fish scales. This is a new
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technique which requires further refinement (Adelam 7980) and rather
sophisticated procedures and equipment. Furthermore, as yet this method
appears to offer a way to determine only relative growth rate, and is
perhaps applicable solely within a species. There has not been any
attempt to transform results into absolute growth rates. This work is
mentioned here not only for the promise it holds for determining growth
rates, but more importantly because of its potential usefulness in
experimentation on the factors controlling scale growth.

OTOLITH MICROSTRUCTURE

In 1971 Giorgio Pannella reported on his reexamination of the
microstructure of fish otoliths and came to the remarkable conclusion
that the finest lamellae of which they are composed are formed with daily
periodicity. The structures he described had been seen by a number of
earlier workers (most notably Hickling, 1931), but Pannella's careful
analysis of recurrent groupings or patterns of the fine growth increments
strongly suggested their true temporal significance. A number of papers
have since followed, reconfirming the presence of daily growth units by
a variety of other means in a wide sampling of species from many different
habitats (Pannella 1974; Brothers, Mathews and Lasker 1976; LeGuen 1976;
Ralston 1976; Struhsaker and Uchiyama 1976; Taubert and Coble 1977;
Methot and Kramer 1979; Brothers and McFarland 1980; Wild and Foreman
1980). Many of the species involved are represented by larvae and
juveniles and are tropical in distribution. The reason for the interest
in these types of fishes is simple; the analysis of otolith microstructure
offers the only way to directly age individuals in these categories, since
they usually offer no other type of readily visible time marker in their
otoliths or other calcareous structures.

The method of preparation for viewing daily growth units varies
with the size of the otolith and its structural peculiarities. Unlike
traditional otolith studies which almost always utilize the sagitta or
saccular otolith, microstructure studies may often best be carried out
on the other otoliths, particularly the utricular pair or Tapilli
(Brothers and McFarland 1980). Specimens may be viewed whole, ground
and polished, or also etched (for acetate replication and SEM). The
basic and most generally useful technique involves direct viewing of
ground otoliths with a high quality compound 1ight microscope at
magnifications of about 250 to 1500x. Very helpful and often necessary
accessories are television viewing systems and polarizing filters. These
can greatly enhance image quality to make otherwise indiscernible
features visible. Semi-automated counting and measuring systems are also
currently being developed (Methot 1980).

Fundamental research on the occurrence and mechanisms of daily
growth unit formation has revealed that they are essentially universally
present in the otoliths of all bony fishes, at least during the early
life history (i.e. through the juvenile phase). In ontogeny, daily
growth units may begin to form as early as the pre-hatching, "embryonic"
phase, or as late as yolk absorption in free-swimming larvae, depending
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upon the species. The daily growth units themselves are usually simple
bipartite structures (increments, 0.25 to well over 25 um thick) each
composed of a protein-rich and a protein-poor layer. Research in my
laboratory indicates that in temperate stream fishes, the protein-rich
layer is deposited at night, under the direct influence of falling water
temperatures. Daily growth units are more complex in some species or
life stages, being composed of two to several subdaily growth increments
formed over a 24-hour period. In temperate stream fishes, temperature
is the predominant factor in determining the time of formation, thick-
ness, and overall protein content of growth increments, with food and
Tight cycles having subordinate roles. Taubert and Coble (1977) have
also implicated the importance of endogenous rhythms.

Two classes of information are .available from the study of
otolith microstructure; one is based on counts of daily growth units,
the other depends upon detailed examination of the characteristics of
each unit (Brothers 1980b). Count data yield ages in days. The method
is based upon validating the existence of daily growth units, knowing
the age at which growth units begin to form, and also determining that
a complete time record is preserved in the otolith. The latter condition
appears to hold for larvae and juveniles of most fishes, and may include
the adults of some. In the majority of fishes, however, once growth
rates (both of the fish and otolith) begin to decelerate, daily growth
units become proportionately thinner and are also seem to be interspersed
between growth interruptions of varying duration (see also Pannella 1971,
1974). Only under special conditions can the duration of the inter-
ruptions be determined. The presence of growth interruptions therefore
poses a serious problem to age determination by daily growth unit counts.
Far fishes which have strongly periodic growth, the growth interruptions
are usually clustered in the slow growth (hyaline) zones of the otolith,
but clear exceptions occur. As a generalization, complete daily growth
records in tropical fishes are usually present for at least the first
150 to 200 days, thereafter the completeness and readability of the
record depends upon the physical properties of the otolith and the
biological characteristics of the species. In some tropical fishes,
continuous daily growth records of two or more years apparently are
present (e.g. some damselfishes, wrasses, parrotfishes, snappers, lizard-
fishes, angelfishes, and several others). Beyond this point other types
of longer period otolith growth rhythms which may also be apparent in
the microstructure, such as lunar or spawning cycles, perhaps could be
used for aging (Pannella 1974). More research, however, is required to
evaluate this potential.

The second type of microstructure study involves the thickness,
protein content, and subdaily structure of individual daily growth units.
Such analysis yields additional information on the day-to-day ("instan-
taneous") growth, environmental conditions, and changes in the life
history experienced by a fish. Daily growth rates and back-calculations
of growth history are determined in a manner analogous to back calculations
using the traditional annual or semiannual zones.

Validation of correct identification of daily growth units, and

demonstration of the existence of complete records are necessary due to
the presence of complicating factors such as subdaily growth increments
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and growth interruptions. Another assumption inherent in calculating
instantaneous growth and back-calculations is that there is a precisely
definable fish growth-otolith growth relationship, not only on a rela-
tively coarse time and size scale as done for traditional otolith studies,
but also on a daily basis. The following procedures are found to be
useful in increasing the reliability of microstructure studies.

1.

Determining the age at which daily growth unit formation
commences is usually established by laboratory rearing of
eggs and larvae under close to natural conditions. Such
studies are not essential for most applications since the
majority of tropical fishes have fairly rapid development
times and daily growth units probably first appear within
a week of fertilization. Thus, errors that may be intro-
duced by not knowing the absolute age are going to be
small relative to the total counts of juveniles or adults.

Validation of the daily nature of the increments or units
and the completeness of the record can be ascertained by a
variety of approaches analogous to those used for validating
seasonal or annual marks. Any other method that can be
used to approximate age and growth; e.g. length frequency
analysis of new recruits; mark-recapture, lab rearing,
known time of spawing, etc., can be helpful. Modifications
of several earlier presented methods require additional
discussion.

a. Marginal Increment. Under optimal circumstances
of rapid growth, large, easily visible growth
increments, and availability of fish, specimens
can be collected over a 24 hour period and the
condition of the margin can be noted; i.e.
whether the protein-rich or protein-poor layer
is being formed, and quantified. Although this
has been accomplished for a few tropical and
temperate species (Brothers, pers. obs.) it is
very difficult and not possible or worthwhile
for a routine aging study.

b. Otoliths can be marked in vivo in various ways,
typically by chemical injection such as with
tetracycline. The fish are then either held in
the laboratory or externally tagged and released
in the wild. Subsequent examination of the
otoliths after a known period can be compared to
increment counts. :

c. In some cases "natural"” marks appear in the
otoliths, usually as a result of physical varia-
tion in the environment, e.g. sharp temperature
fluctuations or tidal cycles. Counting back from
the margin to such marks can confirm the daily
nature of growth units. This can work if the
date of the "disturbance" is known, or one could
simply look for consistency between individuals,
which would be evidence for regularity of growth
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unit formation, but not necessariiy the period or
the completeness of the record. Pannella (1971)
used a modification of this method by counting
increments between periodic marks (actually
patterns of increment intensity and spacing) and
then relating these counts to the duration of
expected environmentals cycles, e.g. lunar,
seasonal, and annual.

d. Struhsaker and Uchiyama (1976) utilized a statis-
tical approach by sampling a population, calcu-
Tating a mean otolith age and then resampling the
same population to determine if the mean otolith
age increase agreed with the known elapsed time
period. This method requires that there are no
significant changes in the population composition
between samples.

POTENTIAL OF THE MICROSTRUCTURAL METHOD AND SOME EXAMPLES

In the course of my own studies on tropical marine fishes I
have examined the otoliths of approximately 200 species from over 60
families (see appendix). Most of these were juveniles, but many were
adults. Validation was not rigorous for most of the species in this
preliminary survey. There is very good evidence, however, that confirmed
daily growth units were present and correctly discriminated in several
species. The otoliths of all species had analogous microstructural
elements assumed to be daily pending further investigation. Given this
assumption, a general conclusion of the survey is that tropical fishes,
both marine and freshwater, can be accurately aged by means of counts of
daily growth units, from the larval at least through part of the juvenile
stage. On the average, aging beyond 200 days is often difficult; success
is dependent upon the species involved, and further development of pre-
paration techniques is required for many. Pannella (1974) has suggested
the use of higher order patterns (e.g. lunar rhythms) to help in age
determination of adults. Although such patterns are sometimes visible,
in my experience their appearance if often very irregular, inconsistent
and difficult to critically demonstrate. Thus I find them to be of very
limited usefulness for aging the majority of tropical species.

A recent study by Brothers and McFarland (1980) illustrates the
potential power of microstructure analysis. Juvenile French grunts
(Haemulon flavolineatum) were aged and a growth curve was established for
the first 100 days (other studies have extended it to over 300 days).
Furthermore, examination of daily growth unit spacing and structure
revealed discontinuities at certain ages that when back-calculated to fish
Tength were found to correspond to observed size ranges undergoing eco-
behavioral transitions in habitat, social behavior, feeding ecology, and
diet. Continuing work on this project includes back-calculating spawning
and settlement dates for new recruits, establishing evidence for a lunar
periodicity in these activities.
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Thus far the most extensive completed or nearly completed
studies on tropical species by other workers have centered on the
families Cichlidae (Fagade 1976; Taubert and Coble 1977), Scombridae
(Wild and Foreman 1980?, Engraulidae (Strushaker and Uchiyama 1976),
Chaetodontidae (Ralston 1976), Lutjanidae, Centropomidae, Carangidae,
Haemulidae and Holocentridae (Pannella 1974), and Sciaenidae (Pannella
1974; LeGuen 1976). A number of other laboratories around the world
have initiated otolith microstructure investigations as a routine proce-
dure. There should be many studies on tropical fishes forthcoming in the
near future.

APPLICATIONS OF OTOLITH MICROSTRUCTURE DATA

The technique is most easily applied to accurately detemining
the age and growth rate of young fishes. The only data needed to accom-
plish this are fish size and daily growth unit counts. As mentioned
earlier, given the proper validation precautions, the method can be
extended to older individuals in a number of species. Where fisheries
utilize juvenile fishes, these data are of direct interest for production
estimates. Most fisheries analysis, however, requires age and growth
information on the entire life history of a species. Even where a
complete adult microstructure (i.e. daily) record is not obtainable,
growth patterns up to the point when the record is unreliable may be
useful to project an expected adult growth rate and longevity.

A procedure that has been tried with success on several reef
fishes has as its first step the careful aging of juveniles and young
adults by otolith microstructure techniques. These data are then plotted
by the method of Walford (with suitably short time intervals) to get an
estimate of Le. In most cases, particularly if the otolith data do not
extend to an age when the growth rate is substantially decelerating, the
estimate of Lo will have Tittle value. An alternative is to simply
estimate L~ as the largest size recorded for the species. If the
Walford estimate of L~ is of about the same value as the empirical
estimate, then this is a good indication that the microstructure aging
has at least extended into ages and sizes where the growth pattern can
be projected to much older ages, i.e. early growth inflections have been
passed and the otolith ages are on the asymptotic part of the growth
curve. Once a trial value of L~ is arrived at, the age data are graphed
according to Beverton (1954) with t (age) plotted versus In (L~ - 1tg
The equation for the straight line fit to the points can be used to
calculate K and t, for the Brody-Bertalanffy curve (see Ricker 1979).
Better straight line fits can be attempted by modifying L~ and then
replotting the data to calculate new values of K and ty5. The end result
is a reasonably good representation of the average growth rate of the
species in question, also allowing for estimates of maximum age. The
Brody-Bertalanffy curve is only one of several possible mathematical
descriptions of fish growth. Sigmoid curves may be more appropriate,
especially for the very early phases in the growth pattern. Nevertheless,
all such curves should be considered as tools or first approximations
which can be utilized for badly needed fishery statistics and evaluation.
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The most important consideration in the use of the technique outlined
above is that accurate age determination has to be achieyed through the
period when growth is slowing down, i.e. asymptotic. The assumption of
asymptotic growth may not be valid in all cases, but as Ricker (1979)
points out, "asymptotic formulas are a convenient way of modeling many
observed growth series, and we may expect them to be used into the
indefinite future."

Complete, detailed age data may be used to determine spawning
times and to reveal the presence of seasonality or periodicity in recruit-
ment. With the proper sampling scheme and knowledge of microstructural
patterns corresponding to life history changes, the duration of the larval,
planktonic and/or pelagic phases of nearshore tropical fishes can be
determined. This is of great importance in understanding the recruitment
dynamics of reef fishes and particularly in evaluating whether local
stocks are potentially self-sustaining or perhaps receiving substantial
input from other areas due to larval drift and water movements. Island
fisheries would be especially interested in such information. Given a
sufficient knowledge of local current patterns, information on the ages
of newly settling fish could even help to locate sites of spawning act-
ivity if this is unknown for certain species (especially migratory ones).

Back-calculations of growth history and instantaneous growth
rates from daily growth unit measurements can contribute substantial
information on the ecology, behavior, and physiology of tropical fishes.
The certain identification of spawning marks is also a potentially
valuable tool. Published accounts of such T?rks have not been rigorously
verified (Pannella 1974; Fagade Unpubl. ms.!/). Once we have a clear
understanding of the exogenous and endogenous factors involved in deter-
mining otolith microstructure we should have a remarkably sensitive method
to reconstruct the growth history of individual fish as well as environ-
mental changes. For example, my work on temperate stream fishes has
demonstrated that the otoliths of some species act as daily (even subdaily)
recorders of water temperature and are responsive in different ways to the
mean rate of change and range of water temperature. The day-to-day varia-
tion seen in the otoliths of some reef fishes is potentially interpretable
in a similar fashion, although the exogenous and endogenous influences
are certain to be somewhat different.

1/ Fagade, S. 0. unpubl. ms. "Analysis of growth markings on the otoliths
of three cichlids from Asijire Dam, Ibadan, Nigeria." Presented
Otolith Workshop, Ladolla, Calif. July 1976.
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APPENDIX

Families of tropical reef fishes in which otolith microstructure has
been examined and found to be suitable for aging investigations.

Acanthuridae Holocentridae
Albulidae Labridae
Anomalopidae Latimeriidae
Antennariidae Leiognathidae
Apogonidae Lophiidae
Atherinidae Lutjanidae
Aulostomidae Merlucciidae
Balistidae Mullidae
Batrachoididae Nemipteridae
Blenniidae Nomeidae
Bothidae Ophichthidae
Carangidae Opistognathidae
Carapidae Ostraciontidae
Centropomidae Pempheridae
Chaenopsidae Plotosidae
Chaetodontidae Polynemidae
Clinidae Pomacentridae
Clupeidae Pomatomidae
Congridae Scaridae
Congrogadidae Scombridae
Coryphaenidae Serranidae
Cottidae Sciaenidae
Cynoglossidae Scorpaenidae
Diodontidae Siganidae
Engraulidae Sparidae
Exocoetidae Sphyraenidae
Gerreidae Syngnathidae
Gobiidae Synodontidae
Gobiosocidae Tetraodontidae
Grammistidae Xiphiidae
Haemulidae Zeidae
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AGING REEF FISHES
IN THE SOUTHEAST FISHERIES CENTER

BY

Charles S. Manooch, III
National Marine Fisheries Service
Southeast Fisheries Center
Beaufort Laboratory
Beaufort, N.C. 28516

INTRODUCTION

For eight years scientists at the Beaufort Laboratory of the
National Marine Fisheries Service, Southeast Fisheries Center have been
studying western Atlantic reef fishes. This research is conducted within
the SEFC Reef Fish Program supported by various Center Tasks, including
Bioprofiles.

The collecting and analysis of 1ife history samples (age
structures, stomachs, gonads, etc.) continues to be an essential component
of this Program and involves people at state, federal, and university levels
in the Southeast Region. Of all the specific lTife history projects, age,
growth, and mortality have been assigned the highest priority and there-
fore have received the most effort.

Results of these aging studies have been substantial. Fish have
been aged, growth has beén measured, mortality has been estimated, and
yield/recruit models have been constructed for a few species. Although
this information will be used by Regional Fishery Management Councils to
develop Management Plans, many questions remain unanswered. The purpose
of this paper is to present the results of reef fish aging in hopes of
encouraging constructive discussions which will benefit fishery scientists,
managers, and reef fishery constituencies.

Research on reef fish in the Southeast Region has undergone a
geographic change over the past eight years. The Program has enlarged
from a North Carolina-South Carolina study from 1972 to 1976 to include
all the east coast from North Carolina through the Florida Keys. Data
are also collected from the Gulf of Mexico and Caribbean. It is under-
standable that for the first few years, age and growth studies were
directed at species economically and sociologically important off the
Carolinas. Recently more emphasis has been placed on fishes which are
important to Gulf of Mexico and Caribbean fisheries.

We have completed, or are completing, studies on 14 species:
red porgy, Pagrus pagrus; knobbed porgy, Calamus nodosus; white grunt,
Haemulon plumieri; tomtate, H. aurolineatum; gray tilefish, Caulolatilus
microps; snowy grouper, Epinephelus niveatus; speckled hind, E.
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drummondhayi; scamp, Mycteroperca phenax; gag M. microlepis; vermilion
snapper Rhomboplites aurorubens; red snapper Lutjanus campechanus; gray
snapper L. griseus; yellowtail snapper Ocyurus chrysurus, and gray
triggerfish Balistes capriscus. This work has been aided by graduate
students enrolled in degree programs at nearby universities. Manuscripts
resulting from research on eight of these species have been or will be
submitted as partial fulfillment of degrees (two Ph.D and four M.S.) at
North Carolina State University, University of North Carolina at Chapel
Hi1l, College of William and Mary (VIMS), and Rutgers University. Several
staff members at the Beaufort Laboratory serve as adjunct faculty at
these institutions and direct student research.

~ METHODS

COLLECTION OF FISH

Most fish were obtained from hook and line fisheries; recrea-
tional head boats, and commercial handline vessels. Young-of-year and
yearlings were collected from a variety of sources - experimental and
commercial trawling, seining, and from power plant intake screens and
were used to verify the time of annulus formation and the position of
the first annulus on the aging structure. For all fish, total lengths
were recorded in millimeters and weights in grams or kilograms.

REMOVAL AND PREPARATION OF AGING STRUCTURES

Four types of structures have been evaluated for aging reef
fish: otoliths, vertebrae, scales, and spines. Scales were removed from
beneath the tip of the posteriorly extended pectoral fin, soaked in a
one-tenth aqueous solution of phenol and were mounted dry between two
glass slides. Four to six mounted scales for each sample were viewed
at 20 to 41 X magnification on a scale projector. Power of magnification
was dictated by the size of scales which varied between species. Measure-
ments were made in the anterior field along a line from the focus to
the scale margin. Distances in mm from the focus to each ring and to the
margin were recorded (Figure la).

Otoliths (sagittae) were removed either by making a cross
cut in the cranium with a hacksaw thus exposing the earbones, or by
opening the otic bulla with a wood chisel and entering the cranium from
under the operculum. The latter was used to avoid disfiguring fish
which were to be sold. Otoliths were read intact or after sectioning
and were then stored dry in vials or envelopes. Whole otoliths were
placed in a blackened-bottom watch glass containing clove oil and viewed
under a dissecting microscope with the aid of reflected 1ight. Measure-
ments were made from the core to each ring and to the otolith radius
(Figure 1b). The selected field of measurement varied between species.
For sectioning, representative otoliths of each species were examined
microscopically to identify the area where rings were most legible and
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where erosion of the edge was minimal. Otoliths were then aligned and
mounted_in a chuck to prevent lateral movement, and sectioned with a
Buehler!/, Isomet 11-1180 Tow speed saw yielding three, 0.18 mm sections
(Figure 1c). The sections were read and measured in the same manner as
described above for whole otoliths.

Three or four caudal vertebrate were dissected from the fish,
cleaned with a 7% sodium hypochlorite solution, rinsed in water and
stained with 0.01% crystal violet solution. After drying, the st71ned
vertebrae were cut in half along the lateral plane with a Dreme1d/ saw.
The distance from the centrum to each ring or ridge, and the centrum
depth were measured with the aid of a binocular microscope.

Using dorsal spines to age gray triggerfish and related species
Jooks promising (Allyn Johnson, personal communication). The first dorsal
spine is removed by cutting at the spine base with metal or bone shears.

EVALUATION OF AGING STRUCTURES

OTOLITHS

Otoliths were preferred for aging most reef fish. Sagittae
alone were used to determine age and growth of all groupers, gray tilefish,
gray and yellowtail snappers. Otoliths were selected when scales were
too small, and therefore not practical, as with groupers and tilefish,
or had a very high percentage of regeneration and nonlegibility, as with
the gray and yellowtail snappers.

Both otoliths and scales were analyzed together to age red
porgy, vermilion snapper, red snapper, tomtate, white grunt, and knobbed
porgy. When used with scales, otoliths were read to validate the scale
aging technique.

Sectioned otoliths, although more. difficult to prepare, were
more easily read and measured than whole otoliths. Johnson (unpubl.
ms2/) found 9% of the yellowtail snapper otoliths had more bands when
cross-sectioned than on the surface of the unsectioned otolith. The
discrepancy in number of rings identified on whole and sectioned earbones
is expected to be even greater for species that 1ive longer than
yellowtail snapper, such as Ephinephelus groupers.

1/ Reference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.

el Johnson, A. Unpublished manuscript. An evaluation of yellowtail
snapper hardparts for age determination. National Marine Fisheries
Service, Panama City Laboratory, Panama City, Florida. 32407.
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A disadvantage of otoliths is that annular markings are much
wider on otoliths than the "no growth" annuli on scales, forcing the
reader to decide exactly where measurements should be made. Also, the
subject of otolith annuli formation - causes, what time of year, and
chemical composition of bands - is controversial.

SCALES

Scales were easier to collect and prepare than otoliths or
vertebrae, and therefore were sometimes selected over otoliths as the
primary structure for determining age. Even then a limited number of
otoliths were used to validate scale readings. Scales were successful
for aging red porgy, vermilion snapper, red snapper, tomtate, and white
grunt, but were useless for gray and yellowtail snappers.

VERTEBRAE

Caudal vertebrae were unacceptable for aging red porgy and yellowtail
snapper. Since both scales and otoliths were satisfactory for aging red
porgy, vertebrae were not used because they were difficult to remove.
Johnson (unpubl. msgf) found yellowtail snapper vertebrae also difficult
to prepare, and that agreement between two readers for the same verte-
brae was only 26%.

VALIDATION OF RINGS AS ANNULI

Regardless of which structure is used, validation of the rings
as annuli is important. Three different methods were used: marginal
increment analysis, plotting the length frequencies of the distance from
the focus or core to each ring for each age group, and by comparing mean
Tengths for each age determined from otoliths to those obtained by reading
scales. In many instances all three techniques were used in a study.

Marginal increment analysis involves calculating for each month 