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ABSTRACT: The New Zealand red cod ( Pserdopbyels bachis) is a common fish
in archaeological bone collections from New Zealand. Ttis not a true cod (family
Gadidae} but a member of the family Moridae, The Miorl name is hoka The
species is present in 77 of 120 archaeological sites in which fish remains have
been studied, with a strong southern bias in abundance. This paper establishes a
method for reconstructing fish size and weight from archacological bones. Twenty
measurements were taken on five of the paired cranial bones of 4 modern sam-
ple of the New Zealand red cod { Prendopbycts bachus), Regression analysis was
performed on these measurements to estimate total fish length and fish weight, A
number of regression models were examined (lincar, logarithmic, cxponential,
and power curve) to work out the optimal estimator for cach bone measure-
ment. It was found that total length of this species can be estimated with a
standard error of less than 23 mm, and weight 1o less than & 194 g, Cocflicients
are provided for 40 equations linking bone size to fish length and weight. This is
followed by an example of how to apply the equations to a small bone collec-
tion of red cod from an archaeological site at Raumati Beach near Wellington in
order to reconstruct the size-frequency of the original fish catch.

KEYWORDS: New Zealand, archaeozoology, Moridae, Psewdopbycis bachus, re-
gression analysis, length and weight estimation

Introduction

The New Zealand fish commonly known as red cod
CFsendophycis Bachus) s a member of the Family
Moridae. It is not a true cod of the family Gadidae, In
MNew Zealand (as elsewhere) the name ‘cod’ has been
given to various fish unrelated to true cod (see Leach
ef al. 20000, although there are also two species of
Gadidae, Other examples besides red cod are the blue
cod Parapercs colfas (family Mugiloididae) and the
black cod or Maori chief Paranotothenia angustata
tFamily Nowtheniidae), This apparently conflicting tax-

onomy is merely a reflection of the diverse ways in
which humans classify familiar ohjects with different
abjectives in mind, It is common for European scien-
tists involved in biosystematics to think that the only
valid system of classifying animals and plants is the
binomial svstem, whereas there is a large body of
literature that shows this view to be naive (eg, Conklin
1962; Bulmer 1967, 1970),

The Mior name for the red cod is hoka, a word
that, in various forms (such as hoka Paumotan
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[Tuamotuan], so'aso'a Samoan, hoahoa Hawaiiand, is
widespread in Polynesia, referring to a variety of sharp
pointed objects or activities associated with them. For
example, the word okaoka in Mangarevan means to
poke about with sticks amongst coral looking for fish
(Tregear 1891: 781 The New Zealand red cod has a
single barbel below the lower jaw, which functions
in a very similar manner to okaoka amongst the

Mangarevans, as the following passage makes clear;

The barhel or feeler below the chin of Red Cod
has special nses, which T have often ohserved in the Red
Coxd kept in caprivity in the large outside ponds which
Fave muddy borroms. Lying flat on the ground, face
downwards as near as possible o the pond, T have seen
a Red Cod sink wy the botom and begin mowing along
the Moor, using his barbel o feel and poke the mud.
Agrain and again | saw him swim Backwards and open-
mouthed, and then swallow some cresture he had
evidently touched with his feeler. This barbed is an extm
sense and very sensitive. for it no sooner feels some crab
or worm than the Red Cod shps into reverse gear in a
fash and the animal is not only in his shovel-shaped
maneth ot well down his gullet. (Grabam 19562 1700,

Perhaps this New Zealand fish was named hoka
because of its poking about looking for food with its
barbel. Certainly, when the first Polynesians came to
Mew Zealand, this fish would have been entirely new
to them, as it is not found outside emperate waters,
It is interesting that the Maor also named the ling
hoka and hokarari (Williams 1975: 36). In one impor-
tant respect a ling has a superficial resemblance o a
red cod — it has slender pelvie fins set well Forward
heneath the lower jaw, where they are easily mis-
tiken for barbels (Avling & Cox 1982:; 152).

Red cod are voracious carnivores, feeding on a
wide variety of marine organisms, They average 30
to S0 cmin length, but very large specimens are known
to redch | moin length and weigh over 6 kg {Avling &
Gox 1982: 142). They reach 25 ¢m in the first year,
and 40, 50, and 55 cm in subsequent years. They are
sexually mature at the age of two to three years
CAnnala ef @l 2000; 338), They are found throughout
New Zealand, but more commonly around the South
Island. Ayling & Cox (1982: 143) suggest that there
may be two distingt populations; one in rocky areds
down to about 50 m depth, and the ather over sancdy
and muddy bottoms in deeper water on the conti-

nental shelf from 50 to 550 m depth.

Red cod are schooling fish, migrating season-
ally but irregulardy from deeper o shallower warers,
paossibly in connection with their breeding activities
and changes in food supply, Paul (19806; 571 stites
that spawning occurs about August, probably in off-
shore waters, Schools appear in the Canterbury Bight
and Banks Peninsula around November, and are not
found in any number in these waters afier about June.
Commercial catch data indicate that they move into
deeper water at this time, Recruitment is highly vari-
able, resulting in large variations in catches from one
vear to another (Annala ef gl 20040 338) In an inter-
esting stucy of the ypes of far present in red cod,
Carter & Malcolm (1926: 649) argued that, in Otago
witters at least, these fish gorge themselves on whale
feed during summer and autumn, retiring to deep
cold water in winter and basically living on their fat
reserves until the whale-feed season occurs again,

These fish have a poor reputation amongst many
maodern fishermen. Doogue & Moreland, with their
usual flair for getting straight to the point, comment;
“It is doubtful if anyone would go out with the firm
intention of seeking out these fish. As they do not
have speed, stamina or particularly good eating quali-
ties, they are easily caught — if you want them.., Food
qualities: little fat, a Aaky rather flavourless fesh.
Unsuitable for frving” (Doogue & Moreland 1966: 208),
The comment about lack of fat contrasts with the
observation of Carter & Malcolm noted above. Re-
cent research suggests that some recreational fisher-
men do indeed wrger this species, particularly in the
southern North Island and the South Island (Fisher &
Bradiord 1999: 24), Generally speaking, these fish are
more easily caught in inshore waters during spring
and summer, before moving into deeper water dur-
ing winter.

Graham (1956) makes some fascinating obser-
vations about red cod, although his sugezestion that
the name hoka is appropriate because in Miori it means
“to eat anything” (Graham 1956: 167), one of the char-
actenistics of this fish, is not correct, This meaning is
not recorded in any known source on the Miori lan-
guage (Ray Harlow pers comm 20004 Graham con-
sidered that the bad reputation that red cod has for
poor eating qualities was not well founded, but then
it is hard to find a species in his volume that he does



net consider pood eating. He has much to say about
the eating qualities of red cod and suggests adding
salt to the flesh some hours before cooking to firm it
up. He also notes that, although they can be caught in
great abundance in some vears, they can disappear
completely from inshore waters for up to seven vears
at a lime. His story that fishermen's wives refused o
wo into the harbour in rowing boats on account of the
unnatural numbers of fish they had o pull through
i Graham 1956: 168) stretches credulity, although very
large quantitics of red cod probably did come into the
Onago harbour during this incident,

Red cod hones have heen identified in 77 of
126 archaeological sites for which there is informa-
tion in the database at the Archacozoology Labora-
tory in the Museum of New Zealand. The sites where
red cod are most abundant {measured as a percent-
age of MNIY are listed in Appendix 1. There is a

strong southern bias to these occurrences. This is
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evident in Figures 1 and 2, which plot out the relative
abundance by region. Up until now, it has not been
possible to describe the size distribution of the red
cod represented in these sites because the basic back-
ground research linking hone size to total fish length
and fish weight had not been carried oul. The present
paper seeks to remedy this. It is one of a series of
papers on the analysis of fish species important in
the New #ealand archaeological record (Leach &
Boocock 1995; Leach ef al 1996a, 1996h, 1997a,
1997k}, Using the methodology described here, it will
he possible to re-examine archaeological collections
of red cod to reconstruct the original catch character-
istics, This is the fundamental knowledge from which
changes through time and space can be traced. Such
changes reflect the interplay between human and
environmental history aver the last thousand years in

Mew fealand.

i

a Fig. 1. Map of New Zealanc

showing the presence of

A 45°% Feevdopfveis bachus (red cod) in
126 archacalogical sites for which
pood information is available, The
plain white circles are sites where
rec ool is unknown, The size of
the black circles indicates the
relative abundance of red cod on

| a logarithmic scale

| The term MNI means Minimum Number of Individuals, and is a basic unit of abundance used in
archaeozoological research (Chaplin 1971; Leach 198G).
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Fig. 2. The abundance of Prseudophycis bachus (red cod) as a percentage of wnal MNI in cach of the New Zealand
archaeological sites in the fishbone data base ar the Archaeceoology Laboratory of the Muscum of New Zealand, organ-

ised by latitucle, The dominance in more southern warers is evident.

Bone Measurement
Methodology

The bones used for measurement in this and in our
previous studies are five paired cranial bones (the
dentary, articular, quadrate, premaxilla, and maxilla).
These bones have been used for many years 1o quan-
tify prehistonc fish catches from archacological sives
in the Pacific and New Zealand (Leach & Davidson
1977; Leach & Ward 1981: Leach 1986&6; Leach &
Boocock 1993), They do not always survive intact
and it is therefore destrable 1o include measurements
that are applicable to incomplete bones, For this rea-
son, more than one measurement is usually made on
each bone in the modern comparative collection.
Whenever possible, the largest dimension is meas-
ured on an archacological bone, as this yields the
most reliable estimate of the original lish size. Thus,
there is a series of measurements appropriate 1o whole
bones and another series appropriate to various forms
of bone fragment. The dimensions used in our stud-

ies of New Fealand fish species closely parallel those
employed by archacozoologists on other species
(Rosello-lzquierdo 1980: 33; Libois & Libois 1988;
Sternberg 1992, Wheeler & Jones 1989: 139 .

Each measurement is given @ computer code
with three characters. Thus, LI refers wo the Lel
Dentary and the first measurement defined for that
bone. The purpose of the three character code is to
permit simple coding of measurements on plastic bags
that contain identified fish bones from archacologi-
cil sites. These are later entered into a database ac-
cording to the orginal archacological provenance.
The appropriate equation for estimating total fish
length and fish weight is selected using these three
character codes, Mitutoyo digital callipers model
500-322 are used for linear measurements, which are
recorded to £ 0.01 mm precision.

The dimensions chosen in this study of red cod
are illustrated in Figure 3, The anatomical landmarks
used are indicated on Figure 3 by a small dot and
given a letter code from A o R Anatomical land-
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Fig. 3. Cranial elements of Psendopbycis bachis (red cod) used for measurements. The left bones are illustmted. Meas
urements are made between landmarks A-B, A-C, and A-D on the dentary; between I=F and G—H on the anicular;
Between =] on the quadrate; between K-L and M-N on the premaxilla; and between O—P and B—R on the maxilla

marks are points on a bone, such as the junction of

separate sutures, which can be defined very accu-
rately in three dimensions (Buranarugsa & Leach 1986,
19931 In cases where the terminology ‘maximum
length' or ‘maximum height' is used, this implies that
the measuring callipers were rotated about the nomi-
nated 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 for the quadrate. The
number of these bones identified for any one species

is generally considerably lower than for other bones,

Morcover, in particularly large assemblages, the quad-
rate is sometimes excluded from the analvsis because
of difficulties in distinguishing between some spe-
cies. The quadrate is guite robust, and an adequate
sample of measurements can be mken on whaole
bones. Three measurements are indicated for the
dentary, and two each for the anicular, premaxilla,
and maxilla.

In our experience, even with the benefit of an
annotated illustration (Fig 3) and formal definitions
CApperddix 2), it is not a simple maner for a new

research assistant to make the correct Measurements
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Measurements made on Craniil Bones of Red Cod

Table 1

from modern material and from an archaeological site

Madern Comparvative Collection

No. Right
Missing Bone
Meas. Meas.
0 R

1 RD2
0 RD3
3 KAl

2 RA2

1 RO
0 RF1

0 RP2

2 EM1

1 RM2
10

Total Missing 18

Total number of possible measurements (150 fish x 20 variables)

Total number of measurements missing

Nett measurements available

Left
Bone
Meas.
LI
LD2
L1335
LAl
LAZ
L1
L1
Lr2
LM
LM2
Totals

Missing Landmarks Bone

Mo

Meas,

(r A-B
1 A-C
0 A=}
2 E-F
1 G-H
- -]
i E-L
i M-N
2 O-p
0 R
8

Dentary
Dentary
Dentary
Articular
Articular
CQuadrate
Premaxilla
Premaxilla
Mazxilla
Mazxilla

Dimension

Maximuim Length
Fragment Length
Symphysis Heighi
Maximum Length
Maximum Height
Length

Fragment Length
Maximum Height
Maximum Length
Width

3000

2082

Archaeolopical Bones — Raumali Beach Site, necr Wellingion

Number of
Measurements

1
1

[T T VI

11
0

Right
Bone
Meas.
R
RD2
RIG
HAT
RAZ
RO
RP1
RP2
RM1
RM2

Number of
Measurements

Towal

12
I
f

0
24

13

69

Units

mim
nim
nim
mim
mim
T
mm
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Fig. 4. severnul regression models were applied to the measurement of left dentary length and total fish length and weight
(MN=1500. Note that some of the lines of best fit are reasonable approximations of the refationships, while others are quite
inapproprate. The solid line is the power curve fit in each case and is an excellent miodel, Orher lines are
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on archaeological bones, It is desirable for a new-
comer o learn the correct methods by remeasuring
bones in the modern comparative collection and cross-
checking measurements against those taken earlier.
subtle differences in the orientation of callipers, even
when placed on the correct landmarks, can cause
substantial percentage crrors, A person learning to
take the measurements must be able w repeat any
one measurement within £ 0.05 mm. That is, the pre-
cision is £ 0.01 mm and the accuracy must be £ 0,05
mum. This accuracy is equivalent @ = 3 mun in esi-
mating the total fish length from the dentary length
on the largest specimens of red cod in the compara-
tive collection. This can be compared with the stand-

ard error of the estimate of £ 15,1 mm for this meas-
urement (see below Table 3).

Modern Comparative
Sample of Red Cod

A sample of 150 red cod was used in this study. They
wiene obained from the Sealords fish factory in Dunedin.
It is always very difficult 1o get specimens of excep-
tionally large size. There are occasions when fish bones
from New Zealand archasological sites are very laroe,
reflecting relatively unexploited inshore stocks. Wher-
ever possible, it is imporant o develop equations for
estimating fish size that do not involve extrapolation
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Fig. 5 The regression model that best firs the dai o when estimating total Ash length (A and fish weight (B) from the left
dentary length is a power curve Fit in both cases, The 95% conlidence bouncaries for the regression line of y on & are

shown. The stancard comors are + 15 mm for the total length and 3 115 g for the weight. The powers are 095 and 2.7

for total fish length and fish weight respectively, These values are close 1o linear and cubic (see Table 20

bevond the limits of modermn comparative collections.
Unfortunately, archaeclogical fish specimens are fre-
quently much larger than those available in the mod-
erm New Zealand fishery, following massive exploita-
tion in the post-European era (Leach & Davidson 2000:
521). Theretore, every effort must be made to find as
many specimens as possible at the upper end of the
size range when building comparative material for these
metrical studies. In the case of very small specimens,
there is not the same problem in acquiring specimens;
moreover, the regression techniques employed are
forced to pass through the origin.

This modern sample of 150 fish had wtal lengths
ranging from 370 to 641 mm with a mean of 490 mm.

The fish weights (whole unguited weight) ranged from
521 1o 2897 g with a mean of 1247 g. The heads were
removed and frozen, and then boiled down one by
one and the five paired cranial bones removed,
cleaned, and air dried. Information was collated for
22 variables, consisting of totl fish length, fish weight,
gnd 20 bone measurements. Some bones were bro-
ken or missing, and therefore not all measurements
were able to be taken. The fnal data matrix of 3,000
entries had 18 mussing values (Table 1) In cases where
pairs of variables were being used For covarnanee cal-
culations, armays were concatenated by deletion of
examples with missing values.
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Table 2

Least-squares Analysis of Lelt Dentary Length
with both Total Fish Length and Fish Weight

Several regression models were applied o these data, and the results are presented below. In each case, it was
assumed that the various curves passed through the origin.

A = MCgression constant

b - regression slope

R - correlation coefficient

SEE - standard error of estimate of total length or weight
SER = standard error of R

t,IF = Student's 1 value for R and degrees of freedom
Resicd DF - Residuals and degrees of freedom

Total Fish Length mm

Fit A B R SEE SER t DF Resid DF
Linear 14 1159 97 154 A05 48.3 148 74 149
Exponential 192.48 029G 172 006 430 148 90 144
Logarithimic A0 131.79 97 15.0 A0S 407 148 32 149
Power Curve 1397 25 97 152 A0S 49.2 148 09 149
Cubig A0 01 94 208 00 39 145 3025 149

Fish Weight g

Fit A B R SEE SER t DF Resid DF
Linear 00 3036 97 1221 05 453 148 12417 149
Exponential 79.44 D6 96 1293 006 426 0 148 2028 149
Logarithmic 00 33745 95 1409 LT 358 148 22904 149
Power Curve {04 275 97 1149 005 48 .4 148 1508 149
Cubic L0 02 97 1216 005 455 148 1855 149



26 Tubinga, Number 12 (2001)

Table 3

Best Fit Coefficients for Total Fish Length Estimates

All are power curve equations of the form:

Total length = A * Bone Measurement® (units mm)

Bone Measurement Constant
L1 13.97309
LD2 25.28635
L3 154.37830)
LAl 17.58462
LAZ 3898862
Lol 58.92426
LP1 21.14239
Lp2 48.24505
L1 12.51169
LM2 70.91583
R 13.91110
RD2 22,31803%
RID3 155.50670
RAl 1702400
Ra2 39.91954
R 57.33204
Rl 2209605
K2 47.20055
RM1 12.65487
RM2 GOE.50343

Least-squares Analysis of

Modern Comparative Material
The main objective of this study was to establish reli-
able regression relationships between bone dimen-
sion and total fish length and fish weight, which can
be used for interpreting archaeological bones. To this
end, regression analysis was carried out on the meas-
urements of the osteclogical collection, taking each
bone dimension individually and testing various types
of curve hitting procedures to the data using the
lesast-squares method. The general equations for esti-
mating Y from X are as follows (A = constant, B =
slope):

Slope Standard Error
93039 15.1
L7784 247
76265 226
81693 153
84050 16.4
83053 21.7
24477 18.0
DETIS 193
84955 13.3
92372 18.5
05108 15.0

1.01885 226
995 23.3
O2505 15.8
83287 16.3
B3y 196
93059 18.3
L9740 20.1
24575 13.0
93899 17.3

Linear fit Y=A+B*X

Exponential fit
Logarithmic fit
Power Curve fit
Cubic it

Y=A*exp(B*X)
Y=A+18"InX)
Yo= A *X"™(
Y=A+B"*X"3

The various curve fitting procedures are shown
in Figure 4, using the left dentary length as an exam-
ple. The statistics for the regression analysis estimat-
ing total fish length and fish weight from the lefi
dentary length are given in Table 2.

Inspection of this table will reveal that, in esti-
mating fish weight, the power curve fit is the best
model, closely followed by the cubic function, This is
evident from both the standard errors of the estimate
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Table 4

Best Fit Coefficients for Weight Estimates

All are power curve equations of the form;
Weight = A * Bone Measurement" (units g, mm)

Bone Measurement Constant
LM 4032
LD2 23240
LD3 42 52544
LAl 07494
LAa2 TR450
LQ1 2.55277
LE1 398D
LP2 141662
LM 03016
LM2 442958
R 03900
RI»2 Ao6Ed
R133 42.51634
RaAl 07236
RA2 BO0GT
RO} 244887
’r1 15754
RpP2 1.32285
RM1 03116
B2 4,11571

(£ 115 and 121 g respectively) and the residuals.

In estimating the total [ish length, very good fits
were obtained for both the power curve fit and linear
model, The standard errors of the estimate are + 15
mm in both cases, while the residuals are slightly
better for the power curve fit than the linear model,

The various models are plotted out in Figure 4 .
The solid line is the power curve fit in both cases. In
some previous regression studies of bone dimensions
against total Hsh length and weight, we have taken
the view that the best equation is the one that pro-
duces the lowest standard error of the estimate. Un-
tortunately, however, we have found cases where an
exponential curve produces the lowest standard er-
ror of the estimate for weight, but for the few very

Slope Standard Error
27459040 1145
251683 193.4
219787 174.2
200454 111.3
243003 124.9
2.40851 139.3
271913 1425
2 HGH4T 14009
2.73898 108.3
267131 1418
275042 114.2
292504 178.7
220422 174.0
2.67221 1188
240119 132.6
242798 150.4
268062 144 8
2.39959 144 4
2.72R01 16,2
270503 1385

large specimens in our collection the curve does not
follow the data very well at all, producing less ac-
ceptable error margins at this end of the disteibution.
W think the best approach is to use the power curve
maodel. We have found cases of non-linearity in esti-
muating total fish length from bone dimension, and a
power curve fit is a better option here oo,

Figure 5 shows the final two choices of regres-
sion model for the left dentary length, with all fish in
the comparative collection plotted against the regres-
sion curves with 95% conlidence bands. The twvo so-
lutions are very satisfactory, The confidence interval
in estimating v from x increases as we move away
from the mean value, and a correction is needed,
The 95% confidence boundary lor the standard error
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Fig, 6, This shows the best (A) and the worst (B) Bt regression Hnes for estimating total fish length from bone measure-
ments, The best measurement is the rght maxilla length, which has a standard error of the estmate of £ 13 mm; and the
worst is the left dentary fragment 2 measurement with £ 25 mim (see Table 3).

of the estimate for ¥ on X is therefore calculated
(Schefler 1909: 155-157; Snedecor & Cochran 1967:
155). These are the boundares shown in Figures 5-7.

The power curve model was chosen for all 20
bone measurements, enabling best fit regression equa-
tons o be calculated and thereby completing the
tabulations given in Tables 3 and 4 Figures 6 and 7
illustrate the best and worst fits for estimating total
fish length and fish weight respectively. The Dentary
Fragment Length measurement in both cases gives
the worst results, The range of errors associated with
the final choice of regression models is illustrated in
Figure 8, Total length errors range from # 13.0to 22.6
mm, and weight errors range from £ 106.2 to 193.4 g,

These are very reasonable.

It is usetul to follow a worked example. For this
purpose, a modern fish of medium size in the com-
parative collection was chosen, catalogued as speci-
men AJ186, This fish had a toral length of 505 mm
and a weight of 1171 g. The left dentary length LD/
wias 41.31 mm.

From Table 3, it will be seen that the best fit
equation for estimating total fish length from the LD/
bone measurement is the power curve fit, with coef-
ficients in the Table as follows:

Total Fish Length mm = 13.97309 * LD + 15,1 mm

In Table 4, it will be observed that the best fit
equation for estimating fish weight from the LD1 bone
measurement is the power curve fit, with coefficients
as follows:
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Fig. 7. This shows the best (A) and the worst (A) fit regression lines for estimating fish weight from bone measurements.
The best measurement is the right maxilla length, which has a standard error of the estimate of £ 106 g and the worst is

the lett dentary fragment 2 measurement with £+ 193 2 (see Table 4).

Weight g = 0.04032 * D17 + 114.8 g

By substituting the value of 41.31 for LD1 into
these wo equations, we derive an estimate for the
tatal fish length of 450 mm, and for weight of 1117 g
The error in estimating the total fish length is there-
fore 25 mun (5305—4800, and in estimating the weight
54 g (1171-1117). The error in the estimated total
length is between the 68% and 95% confidence limits
of = 15.1 and + 30.2 mun, and the emor in the esti-
mated fish weight is less than the 68% confidence
limits of £ 114.8 g.

There are two methods by which an estimare of
the original weight of the fish can be obtained. One
can work directly from the bone to the weight using
the comparative material assembled for this present

study, or one can adopt a two-step process by first
cstimating the total fish length from the bone dimen-
sion and then estimating the weight from the wial
length. There is a potential shortcoming in the first
approach, namely that this present osteological sam-
ple of 150 fish is relatively small and does not contain
many very small or very large specimens. Thus, some-
times we may be obliged to extrapolate beyond the
size limits of the osieological collection with archaeo-
loygical material. This is not a serious problem in the
case of regression equations that are close to lincar;
however, it could produce significant errors when a
regression relationship is close to a cubic function.
For economically imponant species, fisheries
scientists usually have well established relationships
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between total fish length and body weight for very
large samples of fish, for different sexes, au different
seasons, and at different localities, Several equations
have been supgested in the case of red cod (otal
length in mm and weight in g for each case),

1: weight = (LOOD0265 * (total length/1.0¥ 5% 4+ 59 o
2: weight = 0.0074 * (ol length/ 10,09 6T
3 weight = 0.0145 * (total lengthy/ 10,09 = o]

Equation 1 is derived [rom our own study of
the 150 red cod in our sample. Equations 2 and 3, for
temales and males respectively, are those suggested
by NI'WA ( National Institute of Water and Atmospheric
Research), based on a sy by Beentjes (Annala er
atf. 20000 338 Beenrjes 19923, We have no means of
establishing the sex of fish from archaeclogical bones,
s0 choosing between these aliernative recommended
erquations is difficult. The medium-sized specimen of
505 mm total length mentioned above yields the fal-
lowing estimates:

1292 g {emor = +121 g)
1201 g (error = +30 g)
1223 g (error = +52 g)

equation 1
equation 2
equation 3

In the meantime, equaton 1 1s preferred until a
mixed sex equation is available for a much larger
sample than that vsed in the present study.

Dreciding whether to esdmate the fish weight in
a single step rom the bone measurement or as a
two-step procedure from the bone to the total fsh
length and then from the toral length o the weight is
not a simple matter, One way of rying to evaluate
the relative merits of these two approaches is 1o ex-
amine the residuals (e, the difference between ob-
served and estimated total length and weight), using
estimates from the o models. This was carried out,
and the results are graphed in Figure 9. The mean of
the residuals is +1.01% [or estimates of woal length
From bone measurements (i one-step procedure), The
mean residual for the one-step model in estimating
weight directly from bone measurements is +4.04%:
foor the two-step weight model, it is +4.56%. Although
the runge of residuals is similar in both latter cases,
we suggest that, in cases where archacological bones
are either very small or very large, the two-step proce-
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dure is the preferable model to use. The dangers of
extrapelation are well known,

Putting the Algorithms to Work
Following the identification of anatomy and species
of archaeological fish bone collections, wherever
possible one, and onfy one, of the bone dimensions
described in Table 1 is measured on each bone. All
available bones are measured, and this number usu-
ally exceeds the MNI value. This may initially appear
somewhat curious; however, a careful examination
of this matter showed that this is indeed the best ap-
proach to use (Leach & Davidson 2000: 516; Leach &
Boocock 1995 24 1)), The measurements are then
entered into o computer file by provenance and bone
code, As an example of the procedure, measurements
of bones from a shell midden site at Raumati Beach
(Site K206/291) near Wellington were chosen. A typi-
l selection of coded measurements from this site

appears below:

Red Cod measurements from Baumati Beach

Bag 1 LO1 515 RP2 10,84 RQ1 8.30

Bag 2 LD 1889 L2 10.21 LD3 2.10 LP2 496 LP2
045 RA2 7.36

The fish bone assemblage from the Baumati
Beach site is quite small, and only 69 bones of red
cod were able 1o be measured; however, it still serves
a useful purpose in outlining the procedures that need
to be followed to obtain a size-frequency diagram of
the original fish cawch,

With the aid of a simple computer program,
these 69 bone measurements were converted into
estimates of rotal fish length using the coefficients
listed in Table 3 and estimates of fish weight using
the two-step model referred to above. The resulting
histogram of fish length is illustrated in Figure 10,
together with the dispersion statistics. The histogram
displays shape characteristics that are only approxi-
mately normal. There is significant positive skewness
and negative kurtosis (gl and 22 depart from 0.0 and
3.0 respectively). There are clear signs in the graph
of bimodality, representing two size classes of fish —
juveniles and adulis.

The mean weight of the fish represented by these
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Fig, 9. Analysis of resicduals whien estimating tol fish length from bone measurerents (A), which is a one-step caleulka-
tion, and the residuals when estimating weight using the reo-step medel (B and one-step mode! (C). The 150 fish in the
companitive collection produced 2982 measurements, which are used in this analysis. In A, the range of residuals is
-18.39 to +25.08%, with a mean of +1.01%, In B, the range is -47.458 to +92.30%, with a mean of +4.56%. In C, the range is
-37.35 o #90.72%, with a mean of +4.04%, The two-step model is peeferred in cases of archaeological bones that are very
smill or very large.
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Fig, 10, Size-frequency histogram of red cod total lengths from the Raumati Beach site near Wellington, The total length
rnge s 184 o 509 mne: with 2 mean of 262+ 7.5 mm; 5D = 62.4 £ 5.3 mm; gl W1 =419, 4.0; g2/W2 = +7.0, T8

bones was estimated to be 2328 £ 25.60 g (ie, + 11%).
From this, we can caleulate the total weight of red
cad, using the MNI value for the species. OF the total
M of 86 fish at this site, 20 were red cod. Thus, the

total weight of red cod can be calculated as:

Mean Body Weight x MNI = Towl Body Weight  1zable Meat
Weight
g x. I - 56 £ 512 g 3259 g
Smith (1985: 487-8) recommends a figure of
T for the amount of usable meat weight per total
body weight for the common species of New Zea-
land fishes. At the Raumati Beach site, this is there-
fore estimated to be about 3.3 kg of red cod meat.
The stated error of £ 512 g for the total body weight
is based on the standard error of the mean weight of

fish, which is £+ 11%.

Conclusions

The New Zealand red cod was one of the more im-
portant species for pre-European Maori fishermen,
particularly in the southern half of New Zealand, Tt
has been identified in 77 of 126 archacological sites
for which there is information in the data base at the
Archaeozoology Laboratory of the Museum of New
Zealand Te Papa Tongarewa

This study has shown that it is possible w esti-
mate total length of red cod from archasological bones
with a standard error of less than 23 mm, and fish
weight with a standard error of less than 194 2. A
midern sample of 150 red cod was used. The fish
were welghed, measured, and 20 measurements taken
on cranial bones, Four regression models were ex-
amined (linear, logarithmic, exponential, and power
curvel, In the case of fish length, both power curve
and linear models gave very good fits, with standard
errors of the estimate of + 15 mm. The residuals were
slightly better lor the power curve fit, In the case of
tish weight, the power curve gave the best fir, with a
standard error of the estimate of £ 115 g, closely fol-
lowed by the cubic model. It was concluded that the
power curve provided the best option for both length
and weight.

Weight may be estimated in either one or twao
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steps, The one-step model calculates weight from bone
dimension, The two-step model works from hone
dimension to length and then from length to weight,
In this study of red cod, similar results were obtained
using both methods. We sugpest, however, thar the
two-step model is preferable when the archaeologi-
cil fish are efther very large or very small,

The method established was applied w a small
archacological collection from a site at Raumati Beach,
north of Wellington, This revealed bimodality, sug-
gesting the presence of rwvo age grades among the
fish caught. They ranged in length from 153 to 509
mm, with a mean of 301 mm. The mean weight wis
232.8 g. The small size of some of the fish suggests

that they may have been caught in nets.
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Appendix 1

Red Cod in New Zealand Archaeological Sites

The relative abundance of red cod in New Zealand archaeclogical sites documented from the fish bone data-
hase maintained by the Archaeczoology Laboratory, Museum of New Zealand. This database has grown over
many years and @t present contains information from 126 sites throughout New Zealand, with a total MNI of
401,433 fish. Of these sites. 33 contain red cod with a frequency greater than 1% of the total fish recovered in the
excavation. These are listed below. In addition, 18 sites have an MNI of =300 fish but have lower than 10% red

cod, and these are also included to indicate places where low abundiance is not merely a chance statistic,

Site No Site Name b of MNI Site MNI
B43T Breaksea Sound 2, Chatham Point 3, BS5/2 100.00 1
K32 Fox River, Te Onumata, Potikohua River 86.27 102
W21/ Tiromoana N135/1 B354 &1
NZ7/118 Appleby 61.72 128
144717 Mapoutahi S164/13 53.57 140
N36/72 Panau, Canterbury Peninsula 52.04 O
N2a/16 Bark Bay 500,00 S0
T44/21 Purakanui Inlet, Otago 46.38 2745
N25/50 Taupo Point 45.45 11
G361 Bruce Day 44.44 54
528/48 Makotukutuku M1 Camp Site, Palliser Bay A0 5
N26/18 Awraroa N26/18 37.50 32
E47/13 Tiwai Point, Bluff Harbour 35.02 1035
1445 Oiokia Mouth, Brighton Beach, Otago 33353 3
[44/1 Omimi, Otago 3333 27
MN26/214 N26/214 32,57 261
CA0/19 Port Craig Midden, Foveaux Strait, PC/4 5214 28
[0/ 38 Wakapatu, Western Southland 31.91 04
J43/4 Pleasant River (Anthropology) 5§155/8 27.78 54
P26/208 Titirangi Sandhills, Marlborough Sounds 23.40) 47
1431 Huriawa Peninsula. Areas A B Salvage 2340 453
CAG/16 Port Craig Cave, Foveaux Strait, PC/1 20,18 114
O27/56 Haulashore Tsland 2000 23
J4374 Pleasant River (Smith) 19.31 145
032/10 Hudson's Site, Goose Bay, Kaikoura 18.52 27
J43/4 Tumai, Pleasant River Mouth South 10,98 1046
J42/22 Waignakana Mouth, North Otago 16.67 6
E48/34 Parangiaio, Ruapuke Island, PP/1 16.67 12
J43/2 Shag River Mouth 15.89 2134
144723 Long Beach, Dunedin 14.26 5770
B45/14 Southpor 4, Cave Site, Fiordland, SP/4 13.95 B
14322 Ross Rocks, Omago 13.89 144

S528/49 Washpool Site, Palliser Bay 1297 771
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B45/15 southport 5, Cave Site, Fiordland, SP/5 11.67 120
G47/50 Papatowai 5184/5 10.34 29
C240/080 CHB, Chatham Islands 010 4978
C240/283 Waihora, Chatham 1slands 1.43 4197
MN3/59 Houhora 0.04 2425
R26/141 Mana Island North Settlement R26/141 0.41 1206
Ba4/4] Breaksea Sound 1, Discovery Cove, BS5/1 5.55 1153
C240/681 CHA, Chatham [slands 0.00 Hid
06/317 Kokohuia, Hokianga 0.59 Hdd
525/104 Black Rocks BR4 Crescent Midden Palliser 4.40 705
M2/162 Twilight Beach, Northland (.00 635
R26/141 Mana Island South Midden R26/1414 0.17 500
02741 Rotokura, Tasman Bay 0.84 585
R10/25 Sunde Site Oyster lens 0.17 584
T10/504 Cross Creek Site (0 481
B45/11 southpart 1, Fiordland, $P/1 3401 443
H471 Pounawea, Otago 518 428
W10/ 25 Sunde Site soft shore midden 0.00 401
Ca0/31 Sandhill Point 3, Foveaux Strait, SHP/3 (.00 364

O/ 200 Waipoua {1000 329
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Appendix 2

Definition of Measurements made on Cranial Bones of Red Cod

The landmarks are illustrated in Figure 1 for the lefi bones, and the measurements and landmarks are described

and Landmarks Dimension

below.
Abbreviation
LI A-B
L2 A-C
LI3 A-[D
LAl E-F
LAZ G-H
LI I-I
LF1 K-L
LP2 M-N
LMI o-P
Lh2 O-R

Dentary Maximum Length

Dentary Fragment Length

Dentary Symphysis Height

Articular Maximum Length

Articular Maximum Helgzht

Cuadrate Length

Premaxilla Fragment Length

Premaxilla Maximum Height

Maxilla Maximum Length

Maxilla Wiclh

Description

The maximum length of the dentary body. Rotate the calli-
pers between points A and B, NB: Point A is most ventral
part of the dentary symphysis, and corresponds to the most
anterior part of the dentary. There is a small protuberance on
the medial side of the bone in the vicinity of the symphysis;
this 15 ignored in positioning the callipers at Point A,

The length between points A and C taken on the medial side
of the bone. Point C is the most anterior point in the angle of
the medial notch.

This measurement is tiken with the jaws of the callipers firmly
on the top and bottom of the symphysis, but not on the
surface of the teeth,

The length from the most posterior point of the articular notch
(E) to the most anterior point of the body (F), motating the
callipers at E to find the maximum,

Point G is the most superior point of the dorsal anicular
process. Point H is a point along the inferior margin of the
bone where the maximum distance is found by rotating the
callipers,

Point ] is the point of intersection of the dorsal and posterior
margins of the bone, Point | is the most anterior point on the
lateral condyle.

Point L is the most anterior point of the body of the bone.
Point K is the most anterior point in the angle of the notch
between the two parts of the body,

Paint N is the most superior point on the posterior of the two
vertical processes. Point M is the place along the ventral mar-
gin of the premaxilla body which = at the maamum distance
from Point N, when rotating the callipers at right angles to
the line of the bady.

Point ) is the most anterior point of the body of the maxilla,
and P is the most posterior point. Rotate the callipers,

The maximum width of the anterior end of the maxilla while
rodating the callipers, excluding the bulbous amiculating notch.



