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ABSTRACT: Thirty measurements were taken on the otoliths, pharyngeal bones, and five of
the paired cranial bones of a modern sample of labrids from New Zealand, consisting of 18 No-
tolabrus celidotus (spotty) and 122 Pseudolabrus miles (scarlet wrasse). Regression analysis
was performed on these measurements to estimate live fork length and ungutted weight. A
number of regression models were examined (linear, logarithmic, exponential and power curve)
to work out the optimum estimator for each bone measurement. It was found that live fork
length of this species can be estimated with a standard error of less than = 21 mm, and live
weight to less than + 94 g. Coefficients are provided for 60 equations linking bone size to live
characteristics. This is followed by a study of labrids from an archacological site at Waihora in
the Chatham Islands. Measurements were made on 3,096 archaeological bones with a Mini-
mum Number of Individuals of 1,509. It was found that the labrid catch had non-normal cha-
racteristics with a mean fork length of 295 mm and SD of 59 mm. The non-normality is largely
attributed to a mixture of three species of labrids in the archaeological collection, which could
not be identified to species from bone anatomy. The size-frequency mixture was decomposed
into three separate size-frequency diagrams using a recursive technique. This analysis sugges-
ted approximate proportions of 7% Notolabrus celidotus (spotty), 66% Pseudolabrus miles
(scarlet wrasse), and 27% Pseudolabrus fucicolia (banded parrotfish).

KEYWORDS: NEW ZEALAND, ARCHAEOZOOLOGY, FISHES, LABRIDAE, REGRESSION
ANALYSIS, LENGTH AND WEIGHT ESTIMATION

RESUMEN: Treinta mediciones se llevaron a cabo en otolitos, dientes faringeos y cinco de los
huesos craneales pares de una muestra reciente de ldbridos neozelandeses formada por 18 Noto-
labrus celidotus y 122 Pseudolabrus miles. Sobre estos valores se llevé a cabo un analisis de re-
gresion a fin de inferir la longitud corporal hasta la inflexién de la aleta caudal y el peso del pez
sin eviscerar. Diferentes modelos de regresion (eg. linear, logaritmico, exponencial y curva ex-
ponencial) han sido valorados al objeto de seleccionar el mejor estimador para cada caso
(hueso) especifico. El estudio demuestra que la longitud y el peso en estas especies puede ser
estimado con errores standard de + 21 mm y = 94 g respectivamente. Se ofrecen asimismo los
coeficientes de 60 ecuaciones que conectan la talla de los diferentes elementos 6seos con diver-
sos rasgos de los animales. En la segunda parte del trabajo se estudian las muestras de libridos
del yacimiento de Waihora en el archipiélago de las Chatham. Se miden 3096 huesos proceden-
tes de un nimero minimo de individuos de 1509. Del anilisis se desprende que la muestra de
ldbridos presenta rasgos que no se ajustan a una distribucién normal con una longitud a la infle-
xion de la caudal de 295 mm y una DS de 59 mm. La ausencia de normalidad en la muestra
puede deberse a la inclusién simultdnea de tres especies de ldbridos que no pueden diferen-
ciarse osteolégicamente. La agrupacion de frecuencias de tamafos ha sido posteriormente sub-
dividida en tres diagramas independientes de frecuencia de tallas con el concurso de una téc-
nica recursiva. Tal desglose sugiere porcentajes del orden del 7% para Notolabrus celidotus,
66% para Pseudolabrus miles y 27% para Pseudolabrus fucicolia.

PALABRAS CLAVE: NUEVA ZELANDA, ARQUEOZOOLOGIA, PECES., LABRIDAE. ANALISIS DE
REGRESION, ESTIMACION DE LONGITUD Y PESO
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INTRODUCTION

The labridae family of fish comprises some 450
different species distributed widely throughout the
world’s seas. These fish are most diverse in the tro-
pics, with 20 or more genera recognised in the Ha-
waiian archipelago, for example, but some species
have become adapted to temperate seas — there are
7 genera in New Zealand waters. Labrids are soli-
tary foraging carnivorous animals with sharp coni-
cal teeth. They possess a highly developed pharyn-
geal mill for crushing up shell and other
food-bearing matter. Different species show dis-
tinct food preference patterns.

Fourteen labrid species are known in New Zea-
land, but most are found in northern offshore wa-
ters. The three most common species are the spotty
Notolabrus celidotus, the scarlet wrasse Pseudola-
brus miles, and the banded parrotfish Pseudola-
brus fucicolia. Although these eat a wide variety of
food, the spotty prefers bivalves, the scarlet wrasse
hermit crabs, and the banded parrotfish crabs, her-
mit crabs, and molluscs such as limpets, small
paua and mussels (Doak, 1972: 76, 82).

Observations by divers have shown that labrids
are solitary, aggressive, home-ranging fishes that
will defend a particular territory. They frequent
rocky areas and are active during daylight hours. At
night they hide in crevices and do not feed. Spotties,
the smallest of the three main species (mean fork
length about 210 mm), are found in greatest concen-
tration in shallow water, tapering off at about 12 m.
The scarlet wrasse, which is a medium-sized fish
(mean fork length about 275 mm), starts to appear
at about the depth at which spotties tail off, occu-
rring from about 9m to 120m. The banded parrot-
fish (mean fork length about 350 mm) lives in
amongst seaweed and at night rests in the upper 5 m
depth range, covered in a protective mucous enve-
lope. It is found down to about 36 m depth.

It is interesting that these fish are almost never
eaten by modern European New Zealanders, who
consider them fit only for use as bait. However,
they were a very popular food item in pre-Euro-
pean times. In Appendix | we document the fre-
quency of labrids in archaeological sites in New
Zealand. Of 91 sites for which we have informa-
tion, 40 contain labrids at greater than 10% of the
total catch. The highest figures are from sites in
Cook Strait, Foveaux Strait, and the Chatham Is-
lands. This partly reflects variations in natural
abundance, but it has been argued that it also re-

flects preferential fishing close inshore at times
when sea conditions made it very difficult to use
canoes for access to favoured deeper water fishing
spots (Leach & Anderson, 1979).

Although it is easy to identify a live labrid to
species from its colour and general external shape,
they are far more difficult to identify from their os-
teology. The three common species, mentioned
above, have the same spine formula (D. IX, 11; A.
I11, 10), fairly reflecting the difficulty confronting
archaeologists. We believe that with a greatly im-
proved modern comparative collection (multiple
specimens from all 14 species) it may be possible
to identify some species from some of the ana-
tomy. However, it is unlikely that we will ever be
able to identify species reliably from all five paired
cranial bones which we routinely analyse from ar-
chaeological sites. The first step towards unders-
tanding ancient fishing behaviour is to establish
the relative abundance of different types of fish.
This is done, not on the basis of one part of the
anatomy, but on the combined results from several
parts of the bony skeleton. Unfortunately we have
to accept that we cannot do this to species level for
labrids. It may, in the future, be possible to esta-
blish the relative abundance of several, but not all,
labrid types from the pharyngeal clusters. Another
possibility, which we explore in this paper, is to
examine the size-frequency diagram of the combi-
ned labrid fish catch and attempt to separate it into
its constituent species on the basis of their diffe-
rent size distributions.

The biology and behaviour of the labrids can
provide important clues about prehistoric human
fishing behaviour. Although night-fishing is very
popular amongst Pacific Island and New Zealand
fishermen, the presence of labrids in archaeologi-
cal sites indicates day-time fishing. The relative
abundance of different species can also be a useful
guide to the depth where fishermen were focusing
their effort. Also, the solitary and home-ranging
behaviour of these fish makes this family a useful
one with which to explore issues of overfishing
and environmental impact of prehistoric human
communities over archaeological time. In order to
examine such a possibility for any archaeological
site, we must first have a method for reconstruc-
ting live fish length and weight from archaeologi-
cal bone fragments, so that the size-frequency dis-
tribution of fish catches can be estimated for
different periods. This is the focus of this paper.
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BONE MEASUREMENT METHODOLOGY

The bones used for measurement are five paired
cranial bones (the dentary, articular, quadrate, pre-
maxilla, and maxilla), the otoliths, and three
pharyngeal bones which contain teeth (a single in-
ferior pharyngeal cluster, and a pair of superior
pharyngeal clusters). The first-named five paired
cranial bones have been used for many years to
quantify prehistoric fish catches from archaeologi-
cal sites in the Pacific and New Zealand (Leach &
Davidson, 1977; Leach & Ward, 1981; Leach,
1986; Leach & Boocock, 1993). They do not al-
ways survive intact in labrids; therefore it is desira-
ble to include measurements which are applicable
to incomplete bones. For this reason more than one

measurement was made on four of the five bones
involved. Whenever possible the largest dimension
is always taken, as this yields the most reliable esti-
mate of the original fish size. Thus, there is a series
of measurements appropriate to whole bones and
another series appropriate to various forms of bone
fragment. The dimensions chosen are illustrated in
Figure 1. These closely parallel those employed by
archaeozoologists on other species (Libois & Li-
bois, 1988; Rosello-1zquierdo, 1988: 35; Sternberg,
1992; Wheeler & Jones, 1989: 139 ff.).

The anatomical landmarks used in this study
are indicated on Figure 1 by a small dot and given
a letter code from A to Z". Each measurement was
given a computer code with three characters. Thus,
LD1 refers to the Left Dentary and the first measu-
rement made on that bone. Where the terminology

FIGURE 1

Cranial elements of Notolabrus celidotus (spotty) used for measurements. The right bones are illustrated. Measurements are
made between landmarks A-B and A-C on the dentary: between D-E and F-G on the articular; between I-H on the quadrate; bet-
ween J-K, J-L and J-M on the premaxilla; between N-O and P-Q on the maxilla; R-S (not shown, see Appendix 2) and T-U on
the superior pharyngeal cluster; the maximum length of the otolith V-W (not shown); and between X-Y and X-Z~ on the inferior

pharyngeal cluster.
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«maximum length» or «maximum height» is used,
the measuring callipers were rotated about the no-
minated landmarks until a maximum value was
obtained. The definition of each measurement is
provided in Appendix 2. It will be seen in Table 1
that fragment measurements were not taken on the
quadrate and otolith. The number of these bones
identified for any one species is generally conside-
rably lower than for other bones. Moreover, in
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particularly large assemblages the quadrate is so-
metimes excluded from the analysis, because of
difficulties in distinguishing between some spe-
cies. The quadrate and the otolith are quite robust
and an adequate sample of measurements can be
taken on whole bones. Three measurements are in-
dicated for premaxillae, and two each for the den-
tary, articular, maxilla, superior and inferior
pharyngeal clusters.

Modern Comparative Collection
Left Missing Right Missing Landmarks Bone Dimension Units
LDI 3 RDI 1 A-B Dentary Length mm
LD2 2 RD2 1 A-C Dentary Fragment Height mm
LAI I RA1 7 D-E Articular Length mm
LA2 24 RA2 29 F-G Articular Maximum Height mm
LQI 3 RQI 6 H-I Quadrate Length mm
LPI 2 RPI 3 J-K Premaxilla Maximum Length mm
LP2 I RP2 2 J-L. Premaxilla Height mm
LP3 I RP3 2 J-M Premaxilla Fragment Width mm
LMI 8 RMI1 1 N-O Maxilla Maximum Length mm
LM?2 2 RM2 2 P-Q Maxilla Height mm
LCI -+ RCI 3 R-S Sup. Pharyngeal Height mm
LC2 4 RC2 3 T-U Sup. Pharyngeal Maximum Width mm
LOI 21 RO1 25 V-W Otolith Maximum Length mm
LOW 22 ROW 25 - Otolith Weight g
Totals 98 110
Mid-Line Bones
IC]1 -+ X-Y Inf. Pharyngeal Maximum Width mm
IC2 4 7-7 Inf. Pharyngeal Fragment Width mm
Total Missing 216
Total Number of possible measurements (140 fish x 32 variables) 4480
Total Number of measurements missing 216
Nett Measurements available 4264
Archaeological Bones - Waihora Site Chatham Islands
Anatomy Measurements Anatomy Measurements Total
LDI 127 RDI 118 245
LD2 105 RD2 95 200
LAI 165 RAI 153 318
LA2 4 RA2 7 11
LQI 0 RQI 0 0
LPI 95 RP1 101 196
LP2 63 RP2 77 140
LP3 53 RP3 69 122
LMI1 73 RMI 70 143
LM2 100 RM2 T 177
LCI 500 RCI1 480 980
LC2 11 RC2 23 34
LOI1 0 ROI1 0 0
LOW 0 ROW 0 0
Sub-Totals 1296 1270
IC1 367
1C2 163
Total 3096
TABLE |

Measurements made on cranial bones.
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The purpose of the three character code is to per-
mit simple coding of measurements on plastic bags
which contain identified fish bones from archaeolo-
gical sites. These are later entered into a database
according to the original archaeological prove-
nance. The appropriate equation for estimating live
fork length and weight is selected using these three
character codes. Mitutoyo digital callipers model
500-322 were used for linear measurements which
are recorded to = 0.01 mm precision. A Sartorius
model BA310S balance was used for weight measu-
rements with a precision of = 0.001 g.

In our experience, even with the benefit of an
annotated illustration (Figure 1) and formal defini-
tions (Appendix 2), it is not a simple matter for a
new research assistant to make the correct measure-
ments on archaeological bones. It is desirable for a
newcomer to learn the correct methods by re-mea-
suring bones in the modern comparative collection
and cross-checking measurements against those ta-
ken earlier. Subtle differences in the orientation of
callipers, even when placed on the correct land-
marks, can cause substantial percentage errors.

MODERN COMPARATIVE SAMPLE OF
LABRIDS

A comparative sample of 140 labrids was used
in this study, consisting of 18 Notolabrus celidotus
(spotty) and 122 Pseudolabrus miles (scarlet
wrasse). Most were obtained by ourselves during
regular collecting expeditions in the Marlborough
Sounds. A few large specimens were obtained by
request from local fishermen. It was very difficult
obtaining specimens of exceptional size. There are
occasions when fish bones from New Zealand ar-
chaeological sites are of very large size, reflecting
relatively unexploited inshore stocks. Wherever
possible it is important to develop equations for es-
timating live dimension which do not involve ex-
trapolation beyond the limits of modern compara-
tive collections.

Regression analysis was performed on these
measurements to estimate live fork length and un-
gutted weight. The modern sample of 140 fish had
fork lengths ranging from 133 to 375 mm with a
mean of 276.3 mm. The ungutted weights ranged
from 29 to 1022 g with a mean of 445.3 g. Infor-
mation was collated for 32 variables, consisting of
fork length, ungutted body weight, and 30 bone

measurements. Some bones were broken or lost
(many of the otoliths were not retrieved), and the-
refore not all measurements could be taken. The fi-
nal data matrix of 4,480 entries had 230 missing
values (Table 1). In cases where pairs of variables
were being used for covariance calculations, arrays
were concatenated by deletion of examples with
missing values. It will be seen in Table 1 that oto-
lith measurements stand out as having a sizeable
number of missing values. These could not be ta-
ken because the otoliths were lost during macera-
tion of specimens.

Some preliminary results are also presented in
Table 1 from a study of archaeological bones of la-
brids from an archaeological site in the Chatham Is-
lands. It will be noticed that no otolith measure-
ments are presented. The ratio of number of
measurements of whole bones to fragments is relati-
vely high compared with other fish types. This unu-
sual feature attests the relatively robust anatomy of
labrid bones. These ratios vary from 28.9 for the ar-
ticular to 0.75 for the premaxilla. Low ratios for pre-
maxilla and maxilla demonstrate the importance of
defining measurements which are appropriate to
bone fragments. It must be remembered, however,
that if bones are complete, the largest dimension
should always be measured as this is invariably the
most reliable estimator of original fish size.

LEAST-SQUARES ANALYSIS OF MODERN
COMPARATIVE MATERIAL

The main objective of this study was to esta-
blish reliable regression relationships between
bone dimension and live fork length and ungutted
weight which could then be used for studying ar-
chaeological bones. To this end, regression analy-
sis was carried out on the measurements of the os-
teological collection taking each bone dimension
individually, and testing various types of curve fit-
ting procedures to the data using the least-squares
method. The general equations for estimating Y
from X are as follows (A = constant, B = slope):

Y=A+B*X
Exponential Fit Y =A * exp(B * X)
Logarithmic Fit Y =A + B * In(X)
Power Curve Fit Y =A * X**B
Cubic Fit Y =A+ B * X*#%3

Linear Fit
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The various curve fitting procedures are shown
in Figure 2 using the example of the left dentary
length. The statistics for the regression analysis es-
timating live fork length and ungutted weight from
the left dentary length are given in Table 2.

Inspection of Table 2 will reveal that in estima-
ting live fish weight the power curve fit is by far
the best model. This is evident from both the value
of the correlation coefficient (0.983) and the stan-
dard error of the estimate (£ 45 g). The cubic fit is
a close second (correlation coefficient = 0.965 and
the standard error of the estimate = = 63 g). The re-
siduals are by far the lowest in the case of the po-
wer curve fit.

In the estimation of live fish length very good
fits were obtained for both the power curve fit and
linear model. The correlation coefficients are
0.977 and 0.974, and the standard errors of the es-
timate are = 11 mm and + 12 mm respectively. The

g

2

Live Weight g

8

residuals for the power curve fit are less than half
those of the linear model.

In Figure 2 the various models are plotted out.
The solid line is the power curve fit in both cases.
In some previous regression studies of bone di-
mensions against live length and weight, we have
taken the view that the best equation is the one
which produces the lowest standard error of the es-
timate. Unfortunately, however, we have found ca-
ses where an exponential curve produces the lo-
west standard error of the estimate for weight, but
for the few very large specimens in our collection
the curve does not follow the data very well at all,
producing less acceptable error margins at this end
of the distribution. We think the best approach is to
use the power curve model. In estimating fork
length from bone dimension we have found cases
of non-linearity and a power curve fit is a better
option here too.

10 15

20 25

Left Dentary Length mm

Live Fork Length mm
5 8 38
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FIGURE 2

Several regression models were applied to the measurement of left dentary length and live fork length and weight (N=140). Note
that some of the lines of best fit are reasonable approximations of the relationships, while others are quite inappropriate. The so-
lid line is the power curve fit in each case, and is an excellent model.
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Several regression models were applied to these data, and the results are presented below. In each case, it

standard error of estimate of fork length or weight

Live Fork Length mm

Live Weight g

was assumed that the various curves passed through the origin.
A = regression constant
B = regression slope
R = correlation coefficient
SEE =
SER = standard error of R
t = Student’s t value for R
Fit A B R
Linear 0.0 14.64234 974
Exponential 112.6091  0.04695165 957
Logarithmic 0.0 96.43709 970
Power Curve  27.07779 0.795092 977
Cubic 0.0  0.02942409 914
Fit A B R
Linear 0.0 25.46092 958
Exponential 19.01098 0.1581631 .962
Logarithmic 0.0 160.5138 911
Power Curve 0.1552353 2.680729 983
Cubic 0.0 0.05662374 .965

SEE SER t DF Residuals DF
12.1 .00443 49.7 135 160 136
15.5 00722 38.3 135 134 136
13.0 .00508 46.2 135 524 136
11.4  .00390 53.1 135 71 136
21.6  .01409 26.1 135 6031 136

SEE SER t DF  Residuals DF
69.0 .00698 38.9 135 12524 136
66.0 00639  40.9 135 2319 136
994 01451 25.7 135 28566 136

445 00291 619 135 897 136

62.9 .00580 43.1 135 1267 136

TABLE 2
Least squares analysis of left dentary length with both fork length and live weight.

Figure 3 shows the final two choices of regres-
sion model for the left dentary length, with all fish
in the comparative collection plotted against the
regression curves with 95% confidence bands. The
two solutions are very satisfactory.

The power curve model was chosen for all 30
bone measurements, enabling best fit regression
equations to be calculated, and thereby completing
the tabulations given in Tables 3 and 4. Figures 4
and 5 illustrate the best and worst fits for estima-
ting fork length and weight respectively. The oto-
lith weight in both cases gives the worst results.
This is partly due to the much smaller sample size
in the case of otoliths (see Table 1). The range of
errors associated with the final choice of regres-
sion models is illustrated in Figure 6. Fork length
errors range from = 10.9 to 20.8 mm, and weight
errors range from + 44.2 to 93.5 g. These are very
reasonable.

It is useful to follow a worked example. For this
purpose, a modern fish of medium size in the com-
parative collection was chosen, catalogued as spe-
cimen AG950. This fish had a live fork length of

275 mm and an ungutted weight of 366 g. The left
dentary length LD1 was 17.51 mm.

From Table 3 it will be seen that the best fit
equation for estimating fork length from the LDI
bone measurement is the power curve fit, with co-
efficients in the Table as follows:

Fork Length mm = 27.07779 * LD10.795%92 = 11 mm

In Table 4 it will be observed that the best fit
equation for estimating live weight from the LDI
bone measurement is the power curve fit, with co-
efficients in the Table as follows:

Weight g = 0.1552353 * LD12680729 + 45 g

By substituting a value for LD1 of 17.51 into
these two equations we derive estimates of 264
mm for the fork length and 334 g for the weight.
The error in estimating the fork length is therefore
11 mm (275-264), and in estimating the weight 32
g (366-334). The error in the estimated fork length
is on the boundary of the 68% confidence limits of
+ 11 mm, and the error in the estimated ungutted
weight is within the confidence limits of £ 45 g.
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FIGURE 3

The regression model which best fits the data when estimating fork length (A) and ungutted weight (B) from the left dentary
length is a power curve fit in both cases. The 95% confidence boundaries for the regression line of y on x are shown.
The standard errors are + 11 mm for the fork length, and + 45 g for the weight. The powers are 0.80 and 2.68 for fork length and

weight respectively. These values are close to linear and cubic (see Table 2).
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FIGURE 4

This shows the best (A) and the worst (B) fit regression lines for estimating fork length from bone measurements.
The best measurement is the left premaxilla height, which has a standard error of the estimate of + 11 mm; and the worst

is the left otolith weight with = 21 mm.
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Left Otolith Weight g
FIGURE 5

This shows the best (A) and the worst (B) fit regression lines for estimating ungutted weight from bone measurements.
The best measurement is the left premaxilla height, which has a standard error of the estimate of + 44 g; and the worst is the left
otolith weight with + 94 g.
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FIGURE 6

These two graphs show the range of standard errors of the estimate for both fork length (A) and ungutted weight (B) for all bone
measurements taken. These range from 11 to 21 mm and 44 to 94 g. The general pattern of errors is similar for any one measu-
rement between the two graphs. Note that the comparatively poor performance of the otolith measurements is partly due to the
low number of measurements made on these bones.
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Measurement Constant
LDI 27.07779
LD2 64.07246
LAl 17.53880
LA2 23.92110
LQ1 38.80244
LP1 26.99170
LP2 16.02125
LP3 48.05389
LMI1 20.77790
LM2 72.39370
LC1 58.83652
LC2 53.10122
LO1 45.73420

LOW 1495.97800
IC1 27.41369
IC2 42.15550

RDI1 24.44313
RD2 62.50561
RA1 16.51440
RA2 22.23371
RQI 37.61079
RP1 27.14506
RP2 16.25578
RP3 48.40667
RM1 20.77823
RM2 72.50062
RC]1 59.39358
RC2 53.05075
RO1 41.87877
ROW 1439.39400

Slope Standard Error
.7950920 11.3
6762176 16.5
9814655 12.5
.9403583 13.9
.8005717 13.4
.8006946 12.3
19336320 10.9
7621238 12.7
.8635429 11.0
.8520375 17.2
7437941 13.7
7351247 14.4

1.0168180 19.7
.3996890 20.8
7382151 11.9
6962584 15.3
.8309122 10.9
.6884733 16.5

1.0031440 12.0
9677413 13.7
8131332 18:2
7979931 11.2
.9290395 11.2
7590269 12.7
.8625634 11.9
.8546013 18.0
7374048 14.2
7344244 14.8

1.0681640 17.4
3891799 20.2

TABLE 3

Best fit coefficients for fork length estimates all are power curve equations.

There are two methods by which an estimate of
the original weight of the fish can be obtained.
One could work directly from the bone length to
the weight, using the comparative material assem-
bled for this present study, or one could adopt a
two-step process, first estimating the fork length
from the bone dimension, and then estimating the
weight from the fork length. There is a potential
shortcoming in the first approach, in that this pre-
sent osteological sample of 140 fish is relatively
small and does not contain many very small or
very large specimens. Thus, with archaeological
material we may sometimes be obliged to extrapo-
late beyond the size limits of the osteological co-
llection. This is not a serious problem in the case
of regression equations which are close to linear;
however, it could produce significant errors with a
regression relationship which is close to a cubic
function.

For economically important species MAF Fishe-
ries scientists usually have well established rela-
tionships between fork length and body weight for
very large samples of fish, and also for different se-
xes, at different seasons, and at different localities.
However, authoritative information is not available
for labrids and probably never will be. Labrid fish
are not taken commercially and are not sought after
by recreational fishermen except as bait.

The sample of 140 fish specimens in our own
comparative collection has the following relation-
ship:

weight = 0.0000032117*fork length3.311703
(fork length in mm, weight in g)

The medium-sized fish AG950 mentioned
above had a fork length of 275 mm and weighed
366 g. Using this equation on the fork length we
would obtain an estimate of the weight for this fish
of 385 g, an error of 19 g.
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Measurement Constant
LDI .1552353
LD2 2.8300790
LAI .0365252
LA2 .1040942
LQI 5507523
LP1 1573348
LP2 0272161
LP3 1.0945480
LMI 0629958
LM2 4.2455290
LCI 2.1216140
LC2 1.5194230
LO1 8684444

LOW 118856.5
IC1 1592722
IC2 6892375

RDI1 1175722
RD2 2.7064710
RA1 .0322077
RA2 .0915900
RQI .5168062
RPI1 1621199
RP2 .0288996
RP3 1.1291780
RMI1 .0659037
RM2 4.3941800
RC1 2.1580850
RC2 1.5037890
ROI1 6936846
ROW 100526.3

Slope Standard Error
2.680729 44.5
2.280579 69.5
3.302506 52.0
3.162827 56.0
2.677320 59.6
2.690746 52.3
3.138102 44.2
2.560597 53.8
2.913798 48.0
2.876209 710
2.507122 59.1
2.472552 64.1
3.451381 88.0
1.353719 93.5
.2.493045 49.3
2.346967 66.9
2.778496 45.3
2.303726 72.3
3.348347 51.2
3.210168 59.4
2.703086 59.4
2.678413 48.6
3.119479 47.0
2.547966 54.4
2.896050 51.0
2.867009 79.9
.2.492484 59.9
2.473171 65.9
3.583349 81.0
1.309758 92.5

TABLE 4

Best fit coefficients for weight estimates all are power curve equations.

Deciding whether to estimate the ungutted
weight in a single step from the bone measure-
ment, or by a two-step procedure from the bone to
the fork length and then from the fork length to the
weight, is not a simple matter. One way of trying
to evaluate the relative merits of these two approa-
ches is to examine the residuals, that is, the diffe-
rence between observed and estimated fork length
and weight, using estimates from the two models.
This was carried out, and the results are graphed in
Figure 7. The mean of the residuals is close to zero
(40.1%) for estimates of fork length from bone
measurements. The mean residual for the one-step
model of weight estimation is also close to zero
(+1.6%), but is slightly higher for the two-step
weight model (+1.7%). The range of residuals is
similar in both cases. Despite the small apparent
advantage of the one-step model, it is suggested
that in cases where archaeological bones are either

very small or very large, the two-step procedure is
the preferable model to use. The dangers of extra-
polation are well known.

PUTTING THE ALGORITHMS TO WORK

Following the identification of anatomy and
species of archaeological fish bone collections,
wherever possible one, and only one, of the di-
mensions described in Table 1 is measured on each
bone. The measurements are then entered into a
computer file by provenance and bone code. As an
example of the procedure, we chose measurements
we have made of bones from the site at Waihora in
the Chatham Islands (Sutton, 1979, 1980, 1989). A
typical selection of coded measurements from this
site appears below:
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FIGURE 7

Analysis of residuals of estimated and actual fork length (A), and weight using the two step-model (B) and one step model (C).

The 140 fish in the comparative collection produced 4264 measurements which are used in this analysis. In A the range

of residuals is -29.3 to 24.8%, with a mean of +0.10%. In B the range is -64.3 to +136.3% with a mean of +1.70%.
In C the range is -65.1 to +133.7% with a mean of +1.60%. The two step model is preferred in cases of archaeological

bones that are very small or very large.
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We have recently re-analysed all the fish bones
from the Waihora site and have identified a number
of species in addition to those on the original list of
MNI obtained by Sutton (1989). Of the 22,249 fish
bones we identified to species (MNI = 6,907 fish)
we were able to measure 3,096 bones of labrids.
These gave an MNI of 1,509 fish. Thus, we measu-
red 2.05 times the amount of labrid MNI. This may
initially appear a somewhat strange approach to ob-
taining a size-frequency distribution of the original
fish catch. For example, an alternative might be to
take one measurement on the most numerous bone
in the collection. In this way the number of measu-
rements taken would be the same as the MNI. Ho-
wever, it should be remembered that the MNI re-
presents only the minimum number of individuals
in the site, and since our technique of obtaining the
MNI does not take into account bones which are
mismatched by size, measurements taken only on
the most numerous bone may produce a biased
size-frequency histogram.

This issue has been the subject of formal theo-
retical analysis by Leach & Boocock (1995: Ap-
pendix 1) using a computer simulation model. This
involved taking a large sample of bones from a fish
catch where the size-frequency diagram and asso-
ciated dispersion statistics were known, and carry-
ing out recursive simulated breakage of bones so
they could not be measured. It was concluded that
estimating the size-frequency diagram on the basis
of all possible measurements did not produce bias.
This approach was therefore adopted in this pre-
sent study.

With the aid of a simple computer program, the
3,096 labrid bone measurements were converted
into estimates of fork length using the coefficients
listed in Table 3, and estimates of ungutted weight,
using the two-step model referred to above. The
resulting histogram of fish length is illustrated in
Figure 8, together with the dispersion statistics.
The histogram displays shape characteristics
which are only approximately normal. There is
significant positive skewness and negative kurtosis
(gl and g2 depart from 0.0 and 3.0 respectively).
The reason for this non-normal shape is bound to
be the existence of more than one species in the as-
semblage of labrids.

It is possible to decompose a size-frequency
diagram where there is a mixture of components.
A considerable amount has been published on the
subject (Everitt & Hand, 1981; MacDonald, 1987,
MacDonald & Pitcher 1979; McLachlan & Bas-
ford, 1988; Schnute & Fournier, 1980; Tittering-
ton et al., 1985). Peter MacDonald at McMaster
University, Canada has developed an algorithm
which is now widely used for separating age gra-
des of fish from trawl catch data. We used his pro-
gram MIX (version 3.0) to separate out the diffe-
rent species in the catch diagram from the Waihora
site.

For a number of reasons we can be fairly confi-
dent that there are three main species in the archa-
eological collection, Notolabrus celidotus (spotty),
Pseudolabrus miles (scarlet wrasse), and Pseudo-
labrus fucicolia (banded parrotfish). These are by
far the most common species in the region, and al-
though not all of the labrid anatomy in the collec-
tion can be sorted into different species, the infe-
rior pharyngeal clusters do appear to belong to
three species. One of these is consistent with
spotty in our comparative collection, another with
the scarlet wrasse, and the third is not present in
the comparative collection. Since it is much larger
than the other two, it is almost certainly the banded
parrotfish.

We can estimate an approximate mean and
standard deviation for the fork lengths of spotty
(210 + 30 mm) and scarlet wrasse (275 £ 45 mm)
from our comparative collection of 140 fish, and
for the banded parrotfish by using the MIX soft-
ware iteratively until the x2 value is lowest, indica-
ting the best fit (350 = 50 mm). The results are
shown in the lower part of Figure 8. In this way,
the proportions of the three species in the collec-
tion may be estimated as:
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FIGURE 8

Size-frequency histogram of labrid lengths from the Waihora Site in the Chatham Islands. This is based on 3,096 bone
measurements (A). The fork length range is 149 to 489 mm; with a mean of 294.8 = 0.6 mm; SD = 58.7 = 0.8 mm;
gl/W1 = +0.28, 12.0; g2/W2 = +2.55, 5.1. Three species are believed to make up the labrid catch. The size-frequency
distribution is decomposed into three components (B), with approximate proportions of 7% Notolabrus celidotus (spotty), 66%
Pseudolabrus miles (scarlet wrasse), and 27% Pseudolabrus fucicolia (banded parrotfish). The dotted line is the combined

curve.

Species Common Name Percentage of Catch
Notolabrus celidotus  spotty 72% + 1.0
Pseudolabrus miles scarlet wrasse 65.5% + 1.8
Pseudolabrus fucicolia banded parrotfish ~ 27.2% + 1.3

The mean weight of the fish represented by
these bones was estimated to be 559.5 + 6.6 g (that
is, + 1.19%). From this, we can calculate the total

weight of labrids, using the MNI value for the spe-
cies. Of the total MNI of 6,907 fish identified from
this site, 1,509 were labrids (21.9 %). The total
weight of these labrids can be calculated as:

Mean Body Weight x ~ MNI  Total Body Weight ~ Usable Meat Weight
560 g x 1509 = 845+ 10kg 592 kg

Smith (1985: 487-488) recommends using a fi-
gure of 70% for the amount of usable meat weight
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per total body weight for the common species of
New Zealand fishes. At Waihora, this is therefore
estimated to be about 0.6 metric tonnes of labrid
meat. The stated error of = 10 kg for the total body
weight is based on the standard error of the mean
weight of fish, which is = 1.19%.

CONCLUSIONS

This study was aimed at finding the most relia-
ble means of estimating live fork length and ungut-
ted weight of New Zealand labrid fishes from bo-
nes and bone fragments. Using a modern sample
of 140 fish, it was established that live fork length
of this species can be estimated with a standard
error of less than = 21 mm and weight with a stan-
dard error of less than 94 g.

Two methods of estimating live weight were ex-
plored: a one-step method directly from the bone
to the weight, and a two step method, estimating
fork length from bone measurement, and then esti-
mating weight from fork length. Although results
using the one step method on this sample seemed
slightly better, it is suggested that the two step
method should be used when archaeological bones
are either very large or very small.

The ultimate aim of this study is, of course, to
improve understanding of the nature of pre-Euro-
pean catches of labrids. The methodology develo-
ped here was applied to 3,096 labrid bones, with a
Minimum Number of 1,509 Individuals from an

archaeological site at Waihora in the Chatham Is-
lands. This labrid catch showed non-normal cha-
racteristics indicating a mixture of several species.
We decomposed this mixture into three species
using a recursive technique. This analysis sugges-
ted approximate proportions of 7% Notolabrus ce-
lidotus (spotty), 66% Pseudolabrus miles (scarlet
wrasse), and 27% Pseudolabrus fucicolia (banded
parrotfish).

The mean fork length of all species combined
was 295 = 1.1 mm and the mean body weight was
560 + 6.6 g. The usable meat weight represented
by these fish was estimated to be 0.6 metric ton-
nes.

Application of the methodology to other
archaeological remains of labrids will enhance our
understanding of past Maori use of this important
resource.
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APPENDIX 1
LABRIDS IN NEW ZEALAND ARCHAEOLOGICAL SITES

The relative abundance of labrids in New Zealand archaeological sites can be documented from the fish
bone database maintained by the Archaeozoology Laboratory, Museum of New Zealand. This database has
grown over many years and at present contains information from 91 sites throughout New Zealand, with a
total MNI of 32,713 fish. Of these sites, 40 contain labrids with a frequency greater than 10% of the total
fish recovered in the excavation. These are listed below.

Site No Site Name % of MNI Site MINI
C46/18 Port Craig Dry Rock Shelter 2 Site3 100.00 1
B45/19 Southport, Site 9 100.00 1
B45/16 Southport, Site 6 74.59 185
C46/31 Sandhill Point, Site 4 64.76 105
B45/17 Southport, Site 7 63.96 111
B46/12 Andrewburn, Fiordland 55.56 9
B45/11 Southport, Site 1 54.18 443
C240/277 Te Ngaio, Chatham Islands 50.00 4
C46/17 Port Craig Dry Rock Shelter 1 Site2 50.00 2
B45/23 Milford and Garden Island 50.00 8
B45/18 Southport, Site 8 50.00 10
B45/22 Chalky Island 46.67 45
B45/15 Southport, Site 5 45.83 120
Q27/36 Te Ika a Maru, Western Midden 40.20 199
B45/14 Southport, Site 4 36.05 86
B44/41 Breaksea Sound, Site 1 34.87 1153
C240/689 CHC, Chatham Islands 33.33 3
B44/22 Coopers Island 30.14 219
R27/41 Makara Beach Midden 24.00 50
031/30 Avoca Point, Kaikoura 24.00 25
C46/31 Sandhill Point, Site 1 23.83 214
C240/273 Ohinemamao, Chatham Islands 23.53 17
T8/5 Harataonga Bay Western Midden 23.08 26
B44/1 Long Island 22.62 252
D46/35 Riverton, Southland 21.43 14
R27/42 Makara Terrace Midden 20.83 24
S28/49 Washpool Midden Site, Palliser Bay 20.39 363
C240/277 Te Ngaio, Petrie Bay, Chatham Is 20.00 5
B45/1 Cascade Cove 20.00 125
C240/283 Waihora, Chatham Islands 19.09 4197
T11/62 Tairua 17.14 70
R26/122  Paremata 17.01 147
143/22 Ross’s Rocks 16.67 144
E48/30 Te Kiri Kiri 16.07 56
T8/3 Harataonga Bay Pa 14.29 7
Q27/30 Te Ika a Maru, Eastern Midden 11.11 63
N36/72 Panau Site 11.11 45
T11/115  Hot Water Beach 10.67 178
027/1 Rotokura, Tasman Bay 10.26 585

C240/681 CHA, Chatham Islands ‘ 10.07 884
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APPENDIX 2

DEFINITION OF MEASUREMENTS MADE ON CRANIAL BONES

The landmarks are illustrated for the right bone in Figure 1 and described below.

Abbreviation
and Landmarks
RDI1 A-B
RD2 A-C
RAI D-E
RA2 F-G
RQI H-1
RPI J-K
RP2 J-L
RP3 J-M
RMI N-O
RM?2 P-Q
RC1 R-S
RC2 T-U
ROl V-W
ROW -

IC1 xX-Y
1C2 Z-Z

Dimension
Dentary Length

Dentary Fragment Height
Articular Length
Articular Maximum Height

Quadrate Length

Premaxilla Maximum Length

Premaxilla Height

Premaxilla Width

Maxilla Maximum Length

Maxilla Height
Superior Pharyngeal Cluster
Height

Superior Pharyngeal Cluster
Maximum Width

Otolith Maximum Length
Otolith Weight

Inferior Pharyngeal Cluster
Maximum Width

Inferior Pharyngeal Cluster
Fragment Maximum Width

Description

The length from the most dorsal part of the den-_
tary symphysis (A) to the most posterior margin of
the superior transverse process (B) (do not rotate
callipers). This can be a difficult measurement be-
cause of the large anterior tooth. Landmark A is at
the base of this tooth at the anterior socket edge.

The height of the dentary symphysis.

The length from the most posterior point of the ar-
ticular notch (E) to the most anterior point of the
body (D).

The maximum height of the articular including the
vertical process (rotate callipers).

The length from the most anterior lateral edge of
the articulating surface (H) to the most posterior
point of the superior margin (I).

The maximum length along the body of the pre-
maxilla from the most ventral point of the
symphysis (J) to the most posterior point of the
body (K) (rotate callipers).

The height from the most ventral point of the
symphysis (J) to the most superior point of the
vertical process (L).

The minimum width from the most ventral point
of the symphysis (J) to the point of intersection
(M) between the transverse and vertical bodies.
The maximum length of the body (rotate calli-
pers).

The height of the maxilla body.

Height from ventral surface (S) to the medial sur-
face including teeth (R), taken parallel to the ven-
tral surface.

Maximum width of the pharyngeal plate in the
medial plane (rotate callipers).

The maximum length of the otolith (rotate callipers).
The weight.

The maximum width across the body (rotate calli-
pers).

The maximum width of the pharyngeal plate in the
medial plane, between the most lateral points of
the teeth edges (rotate callipers).
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