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Freshwater and Marine eels in the Pacific and New Zealand:
Food Avoidance Behaviour and Prohibitions

B.F. LEACH1, J.M. DAVIDSON1& F.J. TEAL2

1 Research Associate, Museum of New Zealand, Te Papa Tongarewa, PO Box 467, Wellington, New Zealand. 
Corresponding author: Foss.Leach@gmail.com

2Lyttelton, New Zealand.

(Received 28 September 2020; Revised 3 June 2021; Accepted 21 August 2021)

ABSTRACT: Eels are ubiquitous throughout the Pacific and New Zealand, and offer a rich 
source of protein and fat. However, bones of eels are rare in archaeological sites. This contrast 
has been noted several times in archaeological literature, not just in the Pacific, but also in Eu-
rope. Explanations for the dearth of bones range from taphonomic processes, the bones are too 
small, or too fragile, or they preferentially self-destruct because they are rich with oil. We show 
that each of these reasons is false. We review the presence and absence of eel bones in 144 ar-
chaeological sites in the Pacific region, finding only 1,151 eel bones of a total NISP of 188,351 
(0.61%). Allometric equations are established for estimating live length and weight from cranial 
bone measurements of freshwater eels. Prehistoric catches were mostly in the range of 430 to 500 
mm, length with only 5 greater than 800 mm, with no sign of the huge eels about 1800 mm long 
recorded in historic episodes of mass harvesting by Māori. A review of myths and oral traditions 
in the Pacific about eels revealed some common themes. Eels represent the incarnation of a male 
deity, symbolising the penis, and that the personified eel tempts and defiles a woman sexually. A 
male, often an heroic ancestral figure, punishes the eel by cutting him up into pieces. We found 
that there is often a strong association of eels with danger, and that eels are either venerated or 
feared, but seldom considered food. In some Pacific societies, the arrival of Europeans resulted 
in the lifting of the prohibition of eels as food. We also found two historic instances in among 
Māori that eels were tapu, requiring an elaborate tapu removal ceremony before they could be 
eaten by people who were starving. We conclude that mass harvesting of eels in New Zealand, 
so evident in the historic era, was a post-European development with important implications for 
Māori settlement patterns, making it possible to establish permanent villages in the interior of 
major river systems in Central New Zealand.

KEYWORDS: EELS, PACIFIC ARCHAEOLOGY, ALLOMETRY, FOOD TABOOS, 
MYTHOLOGY

RESUMEN: Las anguilas se encuentran distribuidas por todo el Pacífico y Nueva Zelanda cons-
tituyendo una rica fuente de grasa y proteína. Sus huesos, curiosamente, son infrecuentes en de-
pósitos arqueológicos. Tal contraste ha sido repetidamente referido en la literatura arqueológica 
no sólo en el Pacífico, sino también en Europa. Las razones que explicarían tal escasez de restos 
son variadas e incluirían procesos tafonómicos, el hecho de que los huesos son muy pequeños, 
o muy frágiles, o que se autodestruirían debido a su alto contenido de aceites. En este trabajo 
mostramos que todas estas explicaciones son equivocadas. Para ello, repasamos la presencia de 
anguilas en 144 yacimientos arqueológicos del Pacífico, donde registramos 1.151 elementos so-
bre un total de 188.351 (0,61%). Al tiempo, elaboramos, a partir de medidas tomadas en distintos 
huesos craneales de anguilas dulceacuícolas, ecuaciones alométricas que permiten estimar la 
longitud en vida y el peso de los ejemplares. Constatamos que las capturas prehistóricas oscila-
ron entre los 430-500 mm de longitud total, con sólo 5 ejemplares por encima de los 800 mm, sin 
evidencia alguna de las enormes anguilas de 1800 mm que citan los registros históricos en episo-

https://doi.org/ 10.15366/archaeofauna2021.31.001
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INTRODUCTION

Dr Samuel Johnson made the perceptive com-
ments below in 1773 during his visit with James 
Boswell to the Hebrides islands of Scotland:

“Of their eels I can give no account, having never 
tafted them; for I believe they are not confidered as 
wholefome food. It is not very eafy to fix the prin-
ciples upon which mankind have agreed to eat fome 
animals, and reject others; and as the principle is not 
evident, it is not uniform. That which is felected as 
delicate in one country, is by its neighbours abhorred 
as loathfome. The Neapolitans lately refufed to eat 
potatoes in a famine. An Englifhman is not eafily 
perfuaded to dine on fnails with an Italian, on frogs 
with a Frenchman, or on horfe-flefh with a Tartar. The 
vulgar inhabitants of Skye, I know not whether of the 
other islands, have not only eels but pork and bacon 
in abhorrence; and accordingly I never saw a hog in 
the Hebrides, except one at Dunvegan” (Hill, 1773: 
135-136).

This passage neatly captures the essence of an 
issue that has taxed archaeologists in several parts 
of the world: since eels are common throughout 
the world, and easily caught, why are their bones 
so infrequently found in archaeological sites? The 
more general issue of whether the apparent absence 
of some species of fauna in archaeological sites is 
due to the failure actually to find it because it was 
simply not present for capture, or because it was 
not found for some other reason, such as failure to 
identify it, is not a new one in literature on archaeo-
fauna (Lyman, 1995). For example, the fish species 

Anoplopoma fimbria is scarce or absent in many ar-
chaeological sites along the northwestern shores of 
the United States, yet this species is large, abundant 
and nutritious. In seeking to explain such patchy oc-
currences Nims and Butler examined such factors 
as post-depositional destruction, inadequate sieve 
mesh sizes, or sample size, or inaccurate identifica-
tions (Nims & Butler, 2019). In this paper we aim 
to reconcile the ethno-historic importance of the 
eel fishery in protohistoric New Zealand with the 
dearth of eel bones in archaeological sites. A similar 
disjunction is found in the wider Pacific, and evi-
dence in this area is also reviewed. Our working hy-
pothesis is that in cases where humans considered 
eels acceptable as food, their bones will be found 
in archaeological sites. Conversely, in cases where 
people abhorred the idea of eating eels, their bones 
will be rare in archaeological sites. In addition, we 
should not expect that likes and dislikes of eels as 
food would be constant in any one human culture 
over a period of time. Food avoidance behaviour 
is a complex and changing human phenomenon, 
as any parent of young children knows. In times 
of plenty there is ample opportunity for food fads 
to take root. In hard times, people will eat almost 
anything.

EELS AND MĀORI CULTURE IN 19TH 
CENTURY NEW ZEALAND

Elsdon Best, who spent a lot of his life studying 
the customs and habits of Māori, asserted “the eel 

dios de pesca masiva realizada por los maoríes. Una revisión de los mitos y tradiciones orales referidos a las anguilas en el 
Pacífico evidenció una serie de temas recurrentes. Así, las anguilas representan la encarnación de una deidad masculina, 
simbolizando el pene, y el hecho que la anguila personificada tienta y profana sexualmente a la mujer. Un hombre, con 
frecuencia un personaje ancestral y heroico, castiga a esta anguila cortándola en partes. Constatamos igualmente una fuer-
te asociación de la anguila con el peligro, y que estos peces se veneran o se temen pero rara vez se consumen. Registramos 
dos casos históricos que mencionan la condición tapu de la anguila entre los maoríes lo cual requería una elaborada ce-
remonia para eliminar dicha condición antes de poder ser consumidas en momentos de hambruna. En algunas sociedades 
del Pacífico, la llegada de los europeos acabó con la prohibición de consumir anguila. Por todo esto, se concluye que las 
capturas masivas de anguilas en Nueva Zelanda, bien documentadas en épocas históricas, son un fenómeno ocurrido sólo 
tras la colonización europea que tuvo gran repercusión en los patrones de asentamiento de los maoríes, posibilitando el 
establecimiento de poblados permanentes en el interior de los grandes ríos de la Nueva Zelanda central.

PALABRAS CLAVE: ANGUILAS, ARQUEOLOGÍA DEL PACÍFICO, ALOMETRÍA, TABÚES ALIMIENTARIOS, 
MITOLOGÍA
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furnished by far the most important food-supply” 
(Best, 1952: 275). Best published many books and 
articles in his lifetime, and the catching and pro-
cessing of eels by Māori features prominently in 
many of these. Large scale weirs were constructed 
for their capture. Figure 1 shows a typical exam-
ple. Eels are directed into a narrow area, where 
basket traps with a funnel entrance capture them 
(Figure 2). Construction and maintenance of these 
eel weirs represented a considerable investment of 
energy, which is further evidence of the importance 
of eels for 19th century Māori.

At certain times of year there are mass migrations 
of eels in New Zealand as they move out of streams, 
rivers and lakes and take to the sea for breeding. It 
is not known for certain where New Zealand eels 
spawn, but a study by Jellyman hints at the south 
Fiji basin (Jellyman, 2014: 143). In one area of 
New Zealand, at Lake Onoke in the Wairarapa, 
there is a 7 km long sand bar between the sea and 
the lake. Occasionally, the entrance in the sand bar 
closes after a storm, and rising freshwater level 
triggers the migration of eels to the sea between 

February and March each year. Wairarapa Māori in 
the 19th and early 20th century dug channels into the 
sand bar and placed basket traps (Figure 2) along 
the side of these to capture eels as they tried to 
get to the sea. An important Māori Village called 
Okorewa was established at the entrance to the sea 
(Downes, 1918: 305). The annual eel harvest at 
Okorewa has been described by Saunders (1965), 
and details are still remembered by residents to-
day. Wairarapa Māori recognised four types of eel 
(tuna), the hao, also referred to as the King eels by 
local Māori, the riko, the paranui, and the kokopu 
tuna (Saunders, 1965: 37). Saunders described the 
process as follows: The first to appear in these mi-
grations are the hao. They have a silver belly and 
are about 30 cm long. They are hung out for a while 
to dry and then grilled over a fire, and then dried 
in the sun. When the riko arrive they have a green 
back and are 90 to 120 cm long. They are split open 
and the backbone is removed. Saunders commen- 
ted that this backbone is very good eating. They 
are dipped in salted water and then dried in the sun. 
The paranui arrive next. They are dark and thick 

FIGURE 1
An eel weir on the Waingongoro River in Taranaki. Photo by J. Faris in 1888, printed by J. K. Hammonds, chemist, Inglewood. Courtesy 
Alexander Turnbull Library, Catalogue No: PAColl-4356.
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skinned, and slightly smaller than riko. They are 
treated in the same way as riko, and are the longest 
lasting of the eels when sun dried. The last to arrive 
at Okorewa are the kokopu tuna, they are about 180 
cm long and can weigh as much as 27 kg (Figure 
4). When split open, they can be 60 cm wide, and 
are salted and smoked. The kokopu tuna are bound 
to be the long-finned eels, Anguilla dieffenbachii, 
which tend to migrate further inland by rivers and 
streams, and would arrive at Okorewa later. The 
short-finned eels, Anguilla australis, are common-
est in coastal ponds, lakes and swamps (Paul, 2000: 
43). A 91 years old Māori elder gave a vivid des- 
cription at the eel harvesting at Okorewa in 1946: 

“I was standing in the shallow fresh water beside 
the sand bar when a wave from the sea crashed over 
the sand bar. In an instant the water all around me 
boiled with thousands of eels trying to find their way 
to the sea. I couldn’t walk through the mass of eels 
thrashing about all around me” (Nelson Rangi Te Kai 
Waho to the author BFL, pers. comm., 2020).

Once the eels are split open they are dried in the 
sun on special wooden racks (whata). These dried 
eels were traded far afield for other products. 

“These fish are obtainable all the year round in the 
lake, and in the lagoons and streams along the margin; 
but the main fishery is in April and May, along the 
sandspit at the mouth of the lower lake, and where 
the lake is closed. At this season eels, in a good year, 
are captured by hundreds of tons and dried in great 
quantities and distributed throughout the entire North 
Island, the silver and other descriptions of eels being 
famed throughout the length and breadth of the Is-
land” (Mackay, 1891: 12).

There are many photos of these eel drying racks 
in New Zealand photographic archives. An example 
is given here, Figure 3. Close examination of such 
photos reveals that there are no heads on the drying 
eels, which means that when the eels are eventually 
consumed well away from the place of their capture 
and processing areas they will end up in archaeo-
logical sites without any cranial bones. We have 

FIGURE 2
Several Māori basket traps, hinaki, for capturing eels at Lake Onoke, during a visit to the area by the Scenery Preservation Committee 
in 1904. Major Tunuiarang Brown stands in the stern of the canoe (waka). Photo courtesy National Museum of New Zealand Te Papa 
Tongarewa.
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FIGURE 3
Eels drying on racks (pataka-tuna), at Raukawa marae, Ōtaki, New Zealand, during the opening ceremony of Raukawa meeting house. 
Note there are no heads present. Photograph taken on 14 March 1936 by George Leslie Adkin. Courtesy of Alexander Turnbull Library, 
Catalogue No: PA1-f-005-386.

FIGURE 4
Left: These two eels were caught at Bell Block and Okato, Taranaki, weighing 25 and 25.5 lb. Evening Post Newspaper 21 April 1928, 
page 17. Right: The author, BFL aged 17, and his sister  Josephine, with an eel caught in a flounder net in Lake Wairarapa 1960, length 
c.1,370 mm.
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not come across any detailed description of what 
Māori did with the heads at these mass harves-
ting and processing sites; however, there are three 
very interesting photos taken in 1988 at Waiwera 
(Lake Forsyth) in the South Island of New Zealand 
(Te Papa #MA1076381-2). These show more detai-
ls of the processing work. The dead eels are strung 
up along a fence line with their heads still attached. 
They are shown at an angle to the main part of the 
body hanging down. Our interpretation is that the 
eels were opened up and the entrails removed, and 
cut behind the operculum so that the head could be 
placed over the wire and allow the body to hang 
down. This would explain why the heads appear at 
an angle to the body on the fence in the photo. The 
bodies of the eels still appear as round shapes, and 
therefore have not been split open at this stage as 
they hang on the fence. About 20 metres from the 
end of this fence is the drying rack where the split 
eels are placed over wooden rails. Heads are no 
longer present, and the bodies are opened up with 
two flat sides.

The purpose of this two stage process is not 
clear, but has important taphonomic implications. 
One possibility of their being placed nearly intact 
along the fence line would be to allow the skin to 
partly dry. Freshly caught eels are very slimy and 
difficult to handle. Splitting them open with a metal 
knife, let alone with a small sharp flake of chert or 
obsidian, is not easy when they are wet and slimy. 
Having the bodies hanging vertically to stiffen and 
dry would be an advantage.

What happened to the heads during this pro-
cessing has not been recorded, but is an important 
point. Māori would not waste the food content in 
the heads, because there is a lot of food energy 
there. In some fish species, such as blue cod, the 
head actually contains more protein food than the 
fillet (Leach, 2006: 245). Best records that during 
mass harvesting of barracouta in the South Island 
the heads were cut off and discarded (Best, 1923: 
54–55). In this species, the head contains much less 
food (ibid.). Whatever is the case, at any of these 
processing sites where eels were split and dried, we 
should expect large numbers of head bones and, 
perhaps, very few vertebrae.

So far, consideration has been focused on mass 
harvesting of eels. This was generally a seasonal 
event in New Zealand to take advantage of mass 
migrations. During the rest of the year processing 
and its taphonomic implications would be different. 
In New Zealand eels are very numerous and easily 

caught by spear or net at any time of year and many 
would be eaten fresh. They would be taken back 
to the village and eaten there. We should therefore 
expect the whole range of bones to be present at 
village sites. 

The foregoing brief review of ethnographic de-
scriptions of eel capture among 19th century Māori 
society is heavily biased towards the spectacular 
mass harvesting of eels. As so often happens with 
historical descriptions, the more mundane every-
day events do not get the same coverage. Archae-
ological sites, on the other hand, are all about the 
mundane. Middens tell us what people actually ate 
on a day to day basis. If one day the site at Okorewa 
is excavated, the midden there may be informative 
on every day life as well as the spectacular annual 
event when eels migrated out to sea in that vicinity. 
Eels represent two economic advantages over other 
sources of food – first, mass harvesting provides a 
surplus that can be traded for other commodities 
and, secondly, eels provide an all important rich 
source of oil, that helps to offset seasonal shortages 
of carbohydrate food.

THE EEL PROBLEM IN NEW ZEALAND

The question which now arises is whether 
these 19th century descriptions of eel harvesting 
applied in earlier times? New Zealand has a very 
short prehistoric period of 1,000 years at most 
(Higham & Hogg, 1997: 149; Hogg et al., 2002: 
116; Wilmshurst et al. 2008: 7676), and archaeo-
logical research has revealed very few eel bones 
in middens until recently, and then only in very 
small numbers. This has puzzled archaeologists 
and culture-historians (Marshall, 1987). In her 
book on New Zealand prehistory, Davidson com-
ments “there is as yet very little indication that eels 
were a major food resource, except in the protohis-
toric period” (Davidson, 1984: 146-147). Sutton, 
commenting on this problem, describes “eel head 
parts as small and fragile” (Sutton, 1986: 310), and 
offers taphonomic reasons why they are not being 
found by archaeologists, and suggests a change of 
focus on to the more distinctive and robust verte-
brae. This is a good point and since eel vertebrae 
are quite distinctive should be quantified in future 
studies.

The rise of economic prehistory and environ-
mental archaeology at Cambridge University had 
a profound effect on archaeology in New Zealand, 
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and as a result we now know a great deal more about 
the numerical abundance of all types of fishes that 
were caught and eaten by Māori in the pre-Europe-
an era. A review of 126 such sites from all regions 
and periods (Leach, 2006: 345-346) shows that the 
most important fish species was barracouta with a 
total MNI (minimum number of individuals) for all 
sites combined of 10,075. The total for all species 
was 40,433. So barracouta contributed an average 
of just on 25% of the New Zealand wide catch. By 
contrast, conger eels are represented by less than 
0.5%, and freshwater eels by a mere 0.3%) This 
shows that as far as food is concerned, during the 
pre-European era, Māori consumed very few eels 
at all. Contrary to the large Māori nomenclature re-
lating to eels, Strickland’s list of Māori fish names 
has only three words for barracouta: maka, makā, 
and mangā, which are arguably all the same word. 
The numerical abundance of eels in archaeological 
sites will be thoroughly reviewed below.

This curious contrast between the cultural im-
portance of eels (as described in 19th century eth-
nographic literature) and their apparent economic 
unimportance is not limited to New Zealand, but 
is found in the wider Pacific as well. This apparent 
gulf is the main focus of this paper.

Some scholars have gone to extraordinary 
lengths to suggest that the dearth of eel bones in ar-
chaeological sites means there is something wrong 
with the archaeological evidence. Various sugges-
tions have been advanced, such as that the bones 
are too small, or too fragile, or they preferentially 
self-destruct because they are rich with oil. There 
seems to be a reluctance to accept anything except 
that which is staring us all in the face – that record-
ed behaviour from the early historic period does 
not document behaviour which prevailed during 
the pre-historic period. This problem of failing to 
accept that the past was not the same as the pres-
ent was once widespread among Pacific and New 
Zealand scholars, and was clearly described by 
Daniellson when reviewing the career of Kenneth 
Emory. 

“The answer to this well-justified question is that 
no archaeological excavations were ever undertaken 
in Polynesia prior to 1950, simply because everybody 
knew for certain that it was absolutely meaningless 
and useless to do so… All I can do here, however, is 
to specify the premises on which this strange dogma 
was founded. These were the four more or less expli-
citly stated contentions that it was not worth while 
understating any archaeological excavations in Poly-

nesia: (1): because the arrival of man was so recent 
that no stratified layers could have had time to form; 
(2) Because the frequent hurricanes and tidal waves 
constantly overturned and scraped the soil bare, and 
would have destroyed anything left by earlier inhabi-
tants; (3) Because no artefacts could have been pre-
served in the damp corrosive climate except those of 
stone – of which there already existed rich collections 
in the museums, and (4) Because pottery, the key arte-
fact that the archaeologists relied on elsewhere in the 
world for constructing their chronological sequences, 
was totally absent from all the islands” (Danielsson, 
1967: 33).

Danielsson points out that such a blinkered 
viewpoint was finally challenged by Emory’s ex-
cavation of the Kuliouou cave shelter on Oahu in 
1950, where he found well defined strata containing 
artefacts not known in ethnographic collections. In 
short, as a great deal of subsequent archaeological 
research has shown, the Pacific does indeed have 
a past that is different from what historical ethno-
graphic observations portray. Nevertheless, Pacific 
ethnography has a residual tyranny over archaeo- 
logy, in the form of the Direct Historical Approach. 
Contrary to this, archaeology surely is all about 
finding out new things about the past, not simply 
affirming what we think we already know from ob-
servations made during the historic period. 

THEORIES WHY EEL BONES ARE RARE

The most recently stated explanation for why 
eel bones appear to be less frequent in New Zea-
land archaeological sites than expected was made 
from DNA identification from 38 bulk bone pow-
der samples, 21 of which were from middens. This 
15 author paper, published in the prestigious jour-
nal of the National Academy of Sciences, has this 
to say:

“Because of taphonomy and difficulties in identi-
fying eel remains, it has long been hypothesized that 
these animals were of greater importance than their 
bone remains in midden assemblages reflect [The 
authors cite Marshall 1987 here]. Our data demons-
trate that we can detect previously identified species 
(Anguilla and Conger) and new species (Gnathophis), 
using DNA. Still, we do not detect eel frequently. This 
suggests that in the sites sampled, eel were likely an 
important seasonal supplement to Māori diet, but not 
a primary food source” (Seersholm et al., 2018: 4). 
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The two reasons they mention are the most 
common advanced world wide to explain the dis-
crepancy between expectation and observation of 
eel remains in archaeological sites. The first – ta-
phonomy – what exactly does this mean? It refers 
to the entire history of an item from first encoun-
ter with a human to its final resting place in the 
ground. This can be quite complex. In the case 
of an eel caught, say, with a fish hook, the per-
son catching it might cut the head off and throw it 
overboard. As anyone experienced in catching eels 
knows, their teeth have a nasty habit of latching 
on and can then be difficult to remove, not to say 
painful. Clearly, if a head was discarded at sea or 
river, the cranial bones are not going to end up in 
a midden site. Cranial bones are the usual anatom-
ical element that archaeologists identify in New 
Zealand. An alternative version of this is that the 
heads were cut off and given to dogs to eat and 
any eel bone fragments would be difficult to iden-
tify from coprolites, let alone quantify. Contrary to 
this, otoliths would survive intact and are simple 
to quantify. Another taphonomic scenario might 
be that the eels were split down the middle, dried 
in the sun, and then transported miles way to be 
eaten much later. No eels bones would then appear 
in a site close to where the eels were caught and 
processed. On the contrary, the ethnographic de-
scription outlined above suggests that such sites 
would be replete with cranial bones and practically 
no vertebrae. In a limiting case, where no bones, 
otoliths or any other hard parts remain at some site 
where eels were processed, there could still be re-
sidual evidence. Fankhauser has reported that the 
lipid profile, distinctive of eels, can be detected 
from archaeological sediments where eels were 
processed, regardless of whether there are any 
bones present (Fankhauser, 2002; Builth, 2014).

The second reason, cited above, is that eel bones 
are difficult to identify compared with other bones. 
This is asinine, and scarcely deserves comment. 
Anyone can be trained in five minutes to distinguish 
the main cranial bones of eel from other fishes. 
They are highly distinctive.

One more point arises from the bulk bone DNA 
study. Eel DNA was infrequent among the 436 taxa 
identified at family level. This result is similar to 
those found from regular osteological research on 
middens, reviewed below.

This issue of a surprising lack of eel bones in 
middens is not confined to New Zealand, and has 
been noticed in Europe. Eel bones were expect-

ed but hardly represented in early medieval sites 
in the southern Baltic area. Lepiksaar & Heinrich 
(1977: 113-114) and Benecke (1983: 284-285) 
argue that eel bones were under-represented and 
suggest it is the result of autolysis of eel bones by 
the fatty acids released from the fat in the bones. 
Prummel, reviewing this matter (1986), notes that 
such a problem should occur with all fat-rich fishes 
such as herring, eel, mackerel, and salmods, and 
goes on to describe his own analysis of a series of 
sites near Oldenburg in Schleswig-Holstein dating 
from AD 650 to 1260, where bones from freshwa-
ter eels are abundant. Moreover, herrings were by 
far the most common fish in the medieval sites in 
the southern Baltic and these should also have been 
affected by the same autolysis suggested for eels. 
The Oldenburg site had 1,040 eel bones. Other 
common fish species were herring (1,159 bones), 
pike (476 bones, and flat-fish (392 bones). In all, 
bones from 26 fish taxa were recovered (Prummel, 
1994: 317). In short, Prummel argues that autolysis 
of eel bones is a modern-day myth. He also con-
siders the environmental setting of each site, such 
as water salinity, the functional status of each site 
(trade centres and religious sites), and the ethnicity 
of the regions where they are based (Slavonic or 
Viking). None of these three factors explains the 
relative abundance of eel bones in different sites to 
his satisfaction.

On the same issue of preferential survival, Ket-
tle comments “fish with a high fat content – like 
eel, salmon, or tuna – have the potential to acidi-
fy the soil matrix in which the remains are found 
leading to preferential autolysis or dissolution of 
the bone remains … Although this potential bias 
is often quoted for salmon, it is not regarded as 
a potential source of under-representation for eel 
remains from archaeological sites [citing Eng-
hoff, 1986: 67]” (Kettle et al., 2008: 1313). In a 
thorough review of bone degradation processes in 
archaeological sites, Nicholson comments on the 
matter of fish with high oil content thus: “Until the 
widespread adoption of soil sampling and sieving, 
an absence of herring bones in archaeology was 
attributed to the autolysis of bones from fatty fish 
in aerobic conditions [citing Lepiksar & Heinrich, 
1977], a hypothesis which can no longer be sus-
tained” (Nicholson, 1996: 526).

With better recovery methods now being em-
ployed, eel bones are more commonly being iden-
tified in European archaeological sites. A typical 
example is at the type site of Ertebølle in northern 
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Jutland where 18 fish taxa were identified (total 
NISP1 = 16,159). Cyprinids were the most abun-
dant, and freshwater eel second (17.3%). The 
most common cranial bones of eel were dentale, 
keratohyale, and premaxillare2 (Enghoff, 1986: 
66). Eel had the same relative abundance among 
post-cranial bones identified. Of these, vertebrae 
were the most common bone identified (eel NISP 
= 1,494). Similarly, the Havnø site in Denmark, 
which spans the Late Mesolithic Ertebølle and 
the Early Neolithic Funnel Beaker cultures from 
about 5000–3500 B.C., of the 12 taxa of fish iden-
tified with a NISP of 306, freshwater eel dominate, 
comprising 71% of the collection (Robson et al., 
2013: 172). 

In conclusion, surely now we can finally lay to 
rest the suggestions that eel bones are not found in 
archaeological sites because they are too small and 
fragile to survive, and/or that they are too difficult 
to identify, and/or that they contain so much oil that 
they preferentially decay in soil and therefore do 
not survive. All these things are simply incorrect.

SOME BIOLOGICAL CONSIDERATIONS

A few basic details of eel biology need outlining 
before considering the presence of eels in archae-
ological sites. There are many species of eel in the 
Pacific region (Table 1). Those which have poten-
tial economic importance to prehistoric people be-
long to three families: Anguillidae, Muranidae and 
Congridae. The latter two are more numerous, have 
wider distributions, and feature more prominently 
in archaeological sites. Both Muraenidae and An-
guillidae are mainly nocturnal in habits. That is, 
they are far more active at night. However, from 
personal experience, both can easily be caught 
during daylight hours, and are instantly attracted to 
any bait in their vicinity. Conger eels also are easily 
taken on hook and line during daylight hours. The 
annual migration of freshwater eels from New Zea-
land to the Pacific made mass harvesting possible. 
This has been described earlier.

1 Number of Identified Specimens
2 Enghoff is mistaken here. Anguilla spp. do not posses a 

premaxilla (discussed below); the bone he identified was most 
probably the maxilla.

Anguilla australis New Zealand, Auckland islands

Anguilla bicolour Papua New Guinea

Anguilla celebensis Western Papua New Guinea

Anguilla dieffenbachii New Zealand, Auckland Islands

Anguilla marmorata

Most oceanic islands north to the 
Marianas, and south to Papua 
New Guinea, New Caledonia, and 
Society Islands.

Anguilla mauritana Central Pacific

Anguilla megastomata
New Caledonia, Solomon Islands, 
eastern Pacific, Fiji, Tonga, Samoa, 
Marquesas, Tuamotu, Tahiti

Anguilla obscura
Papua New Guinea, East Polynesia, 
Tonga, Samoa, Marquesas, 
Tuamotu, Tahiti

Anguilla pacifica East Pacific

Anguilla reinhardi New Caledonia

TABLE 1
Distribution of species of the genus Anguilla in the Pacific 

islands. From Lane (1978), following Eales (1968). See also 
Nandlal (2005).

The security of the taxonomy of different spe-
cies is constantly under review. One study compar-
ing morphology with M-DNA suggested a concor-
dance of about 80% (Aoyama et al., 1999: 196).

Concerning the distribution of eels in the Pacif-
ic, the Hawaiian islands are a somewhat unusual 
case. 

According to Titcombe there are numerous 
types of eels in Hawaii and she documents six 
congers, one snipe eel, eight snake eels, and 35 
morays (Titcomb, 1951: 136), and many details of 
catching, preparation and consumption. She states 
“Salt water eels were eaten, but freshwater eels 
were used only ceremonially. Of details of this use 
there is no available record” (ibid.: 124). Although 
there is some suggestion that Chinese immigrants 
may have introduced a species of freshwater eel in 
historic times that are now found in streams, James 
and Suzumoto’s careful review of all evidence con-
cludes: 

“Until now Anguilla have not been reported from 
any Hawaiian stream. Although larvae of freshwater 
Anguilla species are distributed by oceanic currents, it 
is unlikely that [an] individual found on Maui arrived 
without human intervention. … the non-occurrence 
of Anguillidae in the Hawaiian Islands is some-what 
surprising given its widespread nature elsewhere in 
the western Pacific. The isolation of the Hawaiian 
Islands, both geographically and in terms of oceanic 
current flow, plus factors of deep-ocean salinity, have 
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been, and continue to be, sufficient barriers preven-
ting this family from reaching the Hawaiian Islands” 
(James & Suzumoto, 2006: 57).

In many Pacific islands, wetland taro (Colocasia 
sp. and Alocasia sp.) are often cultivated in pre-
pared swamps. These locations should be excellent 
habitats for freshwater eels, but there are few re-
cords of this. However, Anderson records that in 
2002, large freshwater eels were abundant in taro 
ponds on Rapa (Anderson, 2012: 42). More gener-
ally, only in islands that are large enough to have 
suitable habitats can we expect to find significant 
populations of freshwater eels.

FRESHWATER EELS AND NUTRITION

One especially important nutritional feature of 
eels is the abundant oil3 they carry. It would not 
be surprising to find that a community under stress 
for adequate food might easily forego their horror 
of eating eels, precisely because of the rich oil re-
serves they have. Best appreciated this issue when 
he commented “The Maori is much given to the 
use of fat foods, and hence a dish of eels is greatly 
appreciated by him” (Best, 1922: 109). This same 
sentiment is expanded upon by Johnstone.

“In Maori economy, the eel played a most im-
portant part. More than every other kind of food it 
represented fat, the nutriment which man, whether 
savage or civilized, universally craves. The beauty of 
Bel-gravia, and the Brahmin of Benares, would alike 
waste and pine were they deprived of milk and but-
ter, pastry and sweetmeats. They must both eat fat in 
some shape or other. In Maori there were no animals 
deserving the name of quadrupeds. Man was therefo-
re forced to gratify his craving for fat at the expense 
of a lower order of creation. Fish was his staple article 
of diet, and of all fish the eel was to him of the grea-
test importance” (Johnstone, 1874: 98).

Augustus Hamilton also fully understood how 
important a source of oil was to the economy of 
Māori, and in his influential book on Fishing and 

3 Some authors refer to the lipids in eels as fat and others as 
oil. Fats have high levels of saturated fatty acids, while oils are 
mainly composed of unsaturated fatty acids. Fats are normally 
solid at room temperature, and oils liquid. Eel lipids are about 
25% saturated fatty acids, and 75% unsaturated (Lovern, 1938: 
1217), so strictly speaking the term oil should be used. 

Sea-foods of the Ancient Maori, copied the first part 
of this passage verbatim from Johnstone’s book, 
without acknowledgement (Hamilton, 1908: 67). 
Only in the northern half of the North Island of New 
Zealand was there a reliable source of carbohydrate 
food, in the form of kumara (Ipomoea batatas). Car-
bohydrate offsets the nutritional craving for fat in 
human nutrition. In the southern parts of the North 
Island, the cultivation of kumara was marginal, and 
there was a ‘hungry gap’ between the last reserves 
of stored kumara (August to October) from the pre-
vious harvest, and supplies from the next harvest in 
April. This period of 6–8 months, when there was 
no carbohydrate from kumara, the main sources of 
food available were protein-rich sea foods and for-
est birds, neither of which possess much fat4. The 
problem of a protein-rich diet, depleted of either 
carbohydrate or fat, is known as ‘rabbit starvation’ 
(Speth, 1983, 2020; Speth & Spielman, 1983; Noli 
& Avery, 1988; Cordain et al., 2000), and is graphi-
cally described by Stefansson in his Arctic Manual :

“If you are transferred suddenly from a diet nor-
mal in fat to one consisting wholly of rabbit you eat 
bigger and bigger meals for the first few days until at 
the end of about a week you are eating in pounds three 
or four times as much as you were at the beginning of 
the week. By that time you are showing both signs of 
starvation and of protein poisoning. You eat numerous 
meals; you feel hungry at the end of each; you are in 
discomfort through distention of the stomach with so 
much food and you begin to feel a vague restlessness. 
Diarrhoea will start in from a week to 10 days and 
will not be relieved unless you secure fat. Death will 
result after several weeks” (Stefansson, 1957: 234).

The problem of how to obtain adequate sup-
plies of either carbohydrate or fat to offset starva-
tion from a protein-rich diet among pre-European 
Māori is described in detail by Leach (2006: 232-
273). There are many historical records of half 
starved Māori relishing rotting shark for the oil, 
rancid seal blubber, train oil, lamp oil, and even 
the oil-soaked cotton and wick from lamps, and 
females giving sexual favours for these morsels 
(ibid.: 250). With such a background, is it easy to 

4 Fern root (Pteridium aquilinum var. esculentum) provides 
a modest amount of starch, and was highly prized by Māori, but 
its quantitative role in the economy could only be minor – basi-
cally a famine food. In addition, fern root has highly toxic com-
pounds in addition to starch; these cause cancer of the stomach 
and other organs.
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see how important oil-rich eels could be to people 
living in areas where kumara cultivation was mar-
ginal or impossible. As will be seen below, an ep-
isode of starvation during the Brunner expedition 
in the South Island provided the circumstance for a 
tapu removal ceremony so that eels could be eaten 
by the Māori guides. Did episodic semi-starvation 
in some districts provide the impetus for abandon-
ing an ancestral tapu on eels altogether, at some 
stage in the pre-European period? Archaeological 
evidence should be able to show this, by a sudden 
appearance of quantities of eel bones in middens, 
hitherto only rare.

The USDA Nutrition database provides aver-
age nutritional values across mixed species of raw 
eel as follows: protein 18.4, lipid 11.66, carbohy-
drate 0.0, ash 1.41, all g/100g, and gross energy 
as 184 kcal/100g. Around these figures there is 
considerable variation as shown by the research 
carried out by Shortland & Russell (1948) for the 
two New Zealand freshwater species. They show 
that for immature5 eels, the total oil content varied 
from 7-23% for Anguilla australis, and 8-18% for 
A. dieffenbachii, and that in general oil content in-

5 The authors distinguish three categories of eel for purposes 
of nutrient analysis: Immature; Adult, as the first appearance of 
sex organ or when gonads commence maturation; and Migrant 
when sex organs have reached maximum development (Short-
land & Russell, 1948: 166).

creases with the length of the eel (ibid.: 164). This 
is illustrated in Figure 5. It is important to note that 
there is considerable variation from one species to 
another, from one season of the year to another, 
and also the animal’s condition during maturation. 
Oil content was highest in the skin, lower in the 
tail portion, and still lower in the head and trunk 
(ibid.: 169). It will be noted in Figure 5 that the two 
New Zealand species generally have less oil than 
the European eel, Anguilla vulgaris [anguilla], and 
also the Japanese eel, Anguilla japonica (Sumner 
& Hopkirk, 1976: 933). Fatty acid profiles (Short-
land & Russell, 1948: 167, and Sumner & Hopkirk, 
1976). These show marine profiles for eels living in 
estuarine environments.

When we consider the value of eels for human 
nutrition, at the most basic level such raw figures 
need to be converted to caloric energy using the 
normally recognised figures of 4, 9 and 4 kcal/g 
for protein, fat and carbohydrate respectively (Da-
vidson et al., 1972: 10). For example, the USDA 
figures cited above convert to 74, 105, and 179 
kcal/100g for protein, oil, and total respectively 
(zero carbohydrate). When converted to propor-
tions, these are 41.3% energy from protein, and 
58.7% from oil. Note that this calculated value of 
total caloric energy of 179 is slightly less than the 
value of 184 reported by USDS.

However, it is equally important to note that 
there is an upper limit to how much protein the hu-

FIGURE 5
Three examples showing how oil content rises as body length increases. Anguilla vulgaris (syn. Anguilla anguilla) data from Lovern 
(1938: 1217), and Anguilla australis from Shortland & Russell (1948: 178).
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man body can cope with. The eel value of 41.3% 
is very high, and would be dangerous unless ac-
companied by additional sources of fat or carbohy-
drate. According to Speth, an extreme upper limit 
that can be consumed safely on a sustained basis is 
approximately 300 g per day. This figure represents 
a protein intake of roughly 50% of total daily ca-
loric intake under normal, non-stressful conditions 
(Speth, 1990: 155). A more realistic maximum dai-
ly protein intake may represent 20-30% of daily ca-
loric intake, and would be in the region of 120-180 
g of protein per day. Draper (1977: 311) has report-
ed a protein intake of 200 g per day for pre-modern 
Arctic Inuit, an intake which represented 32% of 

their daily caloric intake. So a general guideline for 
the upper limit of energy from protein sources is 
suggested as 30%.

The study by Shortland & Russell (1948) shows 
that for two New Zealand species, the proportion 
of energy from oil ranges from 53-72%, and from 
protein 27-47%, depending on length (Figure 6). 
All but two of the specimens studied by Short-
land and Russell are above the 30% threshold of 
energy from protein. The main point to remember 
from these simple calculations is that eels repre-
sent a bountiful supply of oil, outstripping any-
thing else available to Māori in their environment 
except marine mammals. For example, no shellfish 

FIGURE 6
Nutritional value of oil and protein in New Zealand eels from proximate analysis. Calculated from graphical data in Shortland & Russell 
(1948: 182). As a sole food source, protein caloric energy should be less than 30% of daily consumption.
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available in New Zealand has as much oil+carbo-
hydrate as eel (Leach, 2006: 239, table 8.4). Only 
marine mammals would be a superior source of fat 
for Māori. As Smith has shown, marine mammals 
had a wide distribution when Polynesians first ar-
rived in New Zealand, but by AD 1500 there were 
only rare seasonal occurrences in the North Island 
(Smith, 1989: 92). They continued to have an im-
portant economic role in the pre-European Māori 
economy in the South Island.

From the foregoing it can be seen that eels rep-
resented a significant source of oil for pre-Euro-
pean Māori in New Zealand. For people living in 
warm coastal environments where kumara could 
be cultivated a balanced diet was possible with 
carbohydrate from kumara and an inexhaustible 
supply of protein from fish in the sea. In more 
southern coastal areas south of about latitude 44°S, 
a ‘hungry gap’ was an annual event, and ‘Harris 
lines’ are observed in long bones in some commu-
nities (Sutton, 1979: 197). Starvation could have 
been avoided by eating the oil rich skin and tail of 
eels, but as will be seen below archaeological ev-
idence suggests that the Polynesian immigrants to 
New Zealand did not consider eels as suitable food, 
except in the historic period.

Unless prehistoric people chose to take advan-
tage of the abundant oil in eels to augment a pro-
tein rich diet it would be impossible to live for any 
length of time in the interior parts of southern New 
Zealand, as there are only limited sources of carbo-
hydrate and/or fat available. Any attempt at perma-
nent settlement in large inland river systems in the 
North Island, such as Wanganui, Manawatu, and 
Ruamahanga, would be inviting ‘rabbit starvation’, 
unless eels were consumed. We have seen above 
that mass harvesting of eels was undertaken in pre-
cisely these areas in the 19th century. The question 
which must be answered, however, is whether eels 
were harvested in this way in the prehistoric peri-
od. Only archaeological research can answer this. 

EELS AND LANGUAGE

In a useful review of the lexemes relating to 
New Zealand fishes, Strickland lists 198 separate 
words in the Māori language which, when translat-
ed to English, would appear simply as ‘eel’ (both 
conger and freshwater species). These words are 
used to describe numerous different types or quali-

ties of eel that are separately recognised by Māori. 
For example, the word putaiore is used for a type 
of eel that is blue-black with blue eyes, and has 
large pectoral fins (Strickland, 1990: 34-37).

Having such a large number of words refer-
ring to some single feature of the environment is 
usually taken to indicate the special importance 
of it to the group of people whose language it is. 
An oft- quoted example of this, much disputed, is 
that among the Eskimo-Aleut languages there are 
a large number of words that are used to refer to 
snow (Krupnik & Müller-Wille, 2010). Similarly, 
the Sami people have 175-180 words related to 
snow and ice (Magga, 2006: 34). Incredibly, they 
have around 1,000 words for reindeer (ibid.: 31).

The observation therefore, that there are 198 
words in the Māori language referring to eel, seems 
a fair indication that eels are or were important in 
Māori society. However, whether this is true for 
Māori in all regions, indeed, for all periods during 
their occupation of New Zealand, are questions to 
be answered. Moreover, it would be wrong simply 
to assume that this linguistic importance relates 
equally to their role in Māori diet, as it does in my-
thology, for example.

Although there are many separate words in the 
Polynesian languages that refer to various types 
of eel found in the environment, two words stand 
out which are almost universal: Pusi, referring 
to seawater eels, and tuna, referring to freshwa-
ter eels. The various cognates of these two words 
are listed in Tables 2 and 3, and are derived from 
Biggs’s comparative Polynesian Lexicon Project 
(POLLEX, Walsh & Biggs, 1966). The words were 
extracted from the 1996 version (Biggs & Clark, 
1966).

It is interesting that in spite of the rarity of mo-
ray eels in New Zealand, the name Puhi-rokoroko 
is applied to a type of yellow saltwater eel, and also 
to the lamprey. Williams records Puhi as a very 
large variety of eel, and Puhikorokoro as Gym-
nothorax prasinus, a yellow moray eel which is 
found between North Cape and Mahia Peninsula 
(Williams, 1971: 304-305).

The most common form of seawater eel in 
New Zealand is the conger eel, Conger verreauxi. 
Strickland records several words for this type of 
eel: koiero, kōiro, kōriro, ngoiro, ngoingoi; ngoio; 
ngōiro (Strickland, 1990). Members of the Congri-
dae family are rare in the Pacific, but are present in 
Hawaii, for example. 
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“*tuna (freshwater eel) is a very ancient term. It is 
reconstructible to PPn (Proto-Polynesian) and also to 
Proto Oceanic, and, as *tuNa, to Proto Austronesian. 
*pusi (sea eel, Gymnothorax spp.) is widely reflected 
in Nuclear Polynesian languages. It is absent in the 
Tongic languages (Tongan and Niuean) but is recor-
ded (as pusi) in a Lau dialect of Fijian so can be att-
tributed to PPn. A bunch of somewhat similar terms, 
with irregular sound correspondences, occur in other 
Oceanic subgroups” (Pawley, pers. comm. to BFL, 
2019)

What this shows, is that no matter where Poly-
nesians voyaged across the Pacific ocean, they took 
with them their knowledge of their ancestral envi-
ronment and applied existing language to familiar 
things when they settled in new lands. We should 
also expect that common customs relating to eels 
would also be transferred to newly settled lands.

Tuvalu Pusi Saltwater eel

East Futuna Pusi Moray eels

East Uvea Pusi Saltwater eel

Hawaii Puuhi Eel

Emae Pusi Parasitic worm

Maori Puhi Large eel variety

Maori Puhi-rokoroko Yellow Saltwater Eel, Lamprey

Mele-Fila Pusi Sea eel

Marquesas Puhi Anguille

Penrhyn Pusi Fish sp.

Pukapuka Pui Small sp. of eel

Rarotonga Pu`i Large black, sea-eel, not Moray

Rennell Pusi Starry or clouded moray eel

Rotuma Tepuhi A sea-snake with transverse 
stripes

Samoa Pusi Moray Eel 

Sikiana Pusi Eel spp.

Tahiti Puhi General name for moray eels

Tokelau Pusi Moray eel

Tuamotu Puhi Eel

West Uvea Pusi Sorte d'anguille de mer

Sikiana Pusilokiloki Eel sp.

TABLE 2
Polynesian cognates of Pusi, from Biggs & Clark (1996).

Anuta Tuna Freshwater eel, said to be extinct.

Tuvalu Tuna Eel, freshwater crayfish.

East Futuna Tuna Freshwater eel.

East Uvea Tuna Eel of brackish or fresh water

Fiji Duna Freshwater eel

Hawaii Kuna Eel freshwater spp.

Maori Tuna Freshwater eel

Niue Tuna Eel, freshwater spp.

Nukuoro Duna Larvae of mosquito

Penrhyn Tuna Eel

Pukapuka Tuna Striped lagoon eel 

Rarotonga Tuna Eel, freshwater spp.

Rennell Tuna Kind of lake eel 

Rotuma Funa Freshwater eel

Samoa Tuna Eel, freshwater spp.

Takuu Tuna Moray eel

Tikopia Tuna Eels, especially lake eels

Tonga Tuna tahi, vai. Eel spp.

Tuamotu Tuna Eel

West Futuna Tuna Freshwater eel

Waya Tuna Freshwater eels, Anguillidae

TABLE 3
Polynesian cognates of Tuna, from Biggs & Clark (1996).

MYTHS AND TRADITIONS ABOUT EELS

In the introduction to this paper, Samuel John-
son’s observation about the Scottish abhorrence of 
eels and pork as food was cited, and that the op-
posite was the case in England. In considering the 
presence or absence of eels in the archaeological 
record, we clearly need to bear in mind the cultural 
attitudes that people in different societies have to-
wards eels, and whether these may have changed 
over time.

The important role that eels played as food 
throughout English history has been reviewed by 
Righton & Roberts (2014), and archaeological evi-
dence suggests that this attitude towards eels, con-
trasting with the Scots, has some antiquity. A site 
in Southampton, for example showed that bones of 
freshwater eels were consistently very common for 
five separate periods from AD 900 to 1750 (Nichol-
son, 2011: table 1). However, there is some evidence 
that in other sites in England the herring fishery in-
creased in importance and that eel declined in late 
Saxon times (Holmes, 2017: 39). The town known 
as Ely is named after the eel, and there is an an-
nual festival devoted to eels with parades and food 
stalls (Svanberg & Locker, 2020: 19). The Scottish 
prohibition on eating eels may not have much time 
depth as Neolithic, Bronze age, Mediaeval, and Vi-
king archaeological sites certainly contain eel bones 
(Barrett et al., 1999: 366, 380, 382, 384).
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Donald Mackenzie, a Scottish historian argued 
that the prohibition of eating eels and pork meat 
among the Scots could be traced back to a centuries 
old religious cult derived from Mosaic law. The or-
igin of this is in the third book of Moses, called 
Leviticus, in which is found: 

“And all that have not fins and scales in the seas, 
and in the rivers, of all that move in the waters, and 
of any living thing which is in the waters, they shall 
be an abomination unto you: They shall be even an 
abomination unto you; ye shall not eat of their flesh, 
but ye shall have their carcasses in abomination” (Le-
viticus 11:10-11).

The main culprit here is the humble eel. Al-
though moray eels do not have scales, freshwater 
eels certainly do, although they are small and em-
bedded in the skin. An especially interesting ver-
sion of this myth is discussed by Ingvar Svanberg, 
as follows: 

“The Estonian and Swedish speaking settlers of 
the island of Wormsö did not eat it [eel]. There is a 
folk legend recorded from that area that tries to ex-
plain why eels should not be eaten. The legend tells 
how kinship between the eel and the snake began. It 
is said that the snake had seduced the first parents in 
paradise and thereby raised the wrath of God. Jesus 
then took a stick and cut the snake into two pieces. 
The part with the head fell on the dry land, while the 
tail part fell into the water. A new snake grew from 
the former part, while the eel emerged from the latter” 
(Svanburg, 1999: 132 [citing Russwurm, 1855: 189]).

One interpretation of the snake in the garden of 
Eden is that it symbolises the penis, and that eat-
ing from the forbidden fruit is a metaphor for sex. 
These two ingredients, the penis and sex, are com-
mon in myths about eels throughout Melanesia and 
Polynesia. The second part of the Wormsö myth, 
concerning cutting up the snake into pieces is not, 
to our knowledge, derived from biblical sources 
but, as will be seen below, has clear parallels with 
Pacific mythology6.

Throughout the Pacific, from the tropics to tem-
perate New Zealand, myths and traditions about 
eels abound. Although these vary a great deal, 

6 Best comments on this as follows: “As in other lands, the 
eel enters into the myths of our Maori folk, and in the myth con-
cerning the first woman it takes the place of the snake in the 
Biblical story” (Best, 1929: 73).

there are also common threads. A small selection 
of excerpts from Pacific ethnographic literature re-
lating to eels is provided in Appendix 1. A few are 
presented here to illustrate these common themes.

Tikopia is a Polynesian outlier in the Solomon 
Islands, inhabited for about 3,000 years. The peo-
ple on the island today consider that eels are dis-
gusting and would never consider eating them. 
Some types of eels are totemic, representing an-
cestral figures for clans. Of particular interest is 
the central position of eels in origin mythology on 
this island. Both freshwater and marine eels are 
strongly repulsive to Tikopians [see Appendix 1 
for excerpts from Firth (1981) and Park (1973)]. 
The eel god Tangata-katoa (meaning all men) is the 
original generative deity of Tikopia and symboli-
cally identified with the penis. Various types of eel 
are formed by chopping up the elongated penis of 
the deity. Firth notes that by 1973 some Tikopians 
were then eating eels, putting them in soup, even 
though others disapproved and were still afraid of 
eels (Firth, 1981: 219).

This origin myth, present here in a Polynesian 
society, is also found in non-Polynesian societ-
ies further west in Melanesia. For example, Ma-
linowski described the legend of a mythical demi-
god called Inuvayla’u who had a very long penis 
and was inclined to wriggle along the ground like 
a snake and impregnate women when they were 
alone or vulnerable. His brothers were furious with 
the foul pranks of Inuvayla’u, so they cut the penis 
up into small pieces with an axe. Each piece turned 
into stone. One piece was placed in front of the 
headman’s house in the village of Kwabulo, anoth-
er piece where the men moor their canoes. Finally, 
the testicles were cut off and turned into two large 
white coral boulders in a creek. The elements of 
this myth are present in Māori society (see below, 
Best, 1923: 56).

Ethnographic literature documents numerous 
examples of the very special place which eels have 
in the magico-religious systems of people from 
Papua New Guinea to Easter Island. The involve-
ment of eels in the totemic behaviour on Tikopia, 
cited above, is a typical example. The Reverend 
Gill made the following observation about eels in 
the Pacific islands7: 

7 It is not explicitly stated in this passage which island he is 
referring to. Mangaia in the Cook Islands is suspected, since he 
spent 20 years living there, from 1852-1872.
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“Fear is the ruling motive of heathen worship; 
and it is interesting to observe that this feeling has 
led to the worship of the serpent wherever that rep-
tile is known. May not this species of idolatry have 
been connected with the memory of the arch serpent 
that deceived Eve? ... In all these eastern islands, 
where the serpent is unknown, the salt and fresh wa-
ter eel (Muraenidae) takes its place in the supersti-
tious veneration of the natives, both being regarded 
as incarnations of deity. Until Christianity came, it 
was unlawful for women to taste eels, on the alleged 
ground that in the olden time a divinity assumed the 
form of a great eel in order to approach an unsuspec-
ting woman while bathing. To this day nothing can 
exceed the disgust most of the native women feel at 
eels, which they refuse even to touch. A woman once 
secretly ate the sea-eel. On discovering the sacrilege, 
the husband fled from her in horror, and never lived 
with her again, regarding her as possessed of an evil 
spirit which would be sure to kill and devour him on 
some future occasion” (Gill, 1876: 278-279). 

Gill goes on to relate examples of severe reac-
tions for eating eels. In 1863 about 80 people in the 
Tokelau islands were expelled for eating a sea eel 
that was considered sacred. On another occasion 
an islander inadvertently ate part of a sea eel, and 
when he was made aware of it, immediately vomit-
ed and exclaimed in horror “Aue tâu8 Atua e ! (Alas 
for my God !)” (Gill, 1876: 279). 

One of the greatest of all heroic figures in Poly-
nesian mythology is a man called Maui, sometimes 
called Maui of a thousand tricks. Many fabulous 
tales are recorded of this man. One involves his in-
troduction of coconuts to the world: 

“Throughout Polynesia, a coconut tree is said to 
have sprung from the severed head of Tuna, a giant 
eel who courted Hina. Certain variants state that Tuna 
is killed by Maui, who is jealous of his wife’s atten-
tions to Tuna, or that he kills Tuna when Hina, a stran-
ger to him, asks Maui to save her from the eel. The 
coconut did not grow in New Zealand, but the Maori 
who had brought the myth of Tuna with them from 
central Polynesia, state that after Maui kills Tuna, va-
rious species of fresh and salt water eels grow from 
parts of Tuna’s body” (Luomala, 1949: 120). 

“At Mangaia, Tuna makes love to Hina with cu-
rious results, as Hina is the moon” (Best, 1923: 58). 

8 Tâu here is Gill’s way of rendering a glottal stop for a 
missing consonant, which in this case is k, so the original word 
is taku meaning my.

There are numerous variations of the myth con-
cerning the origin of coconuts and how the eel is in-
volved in this. In Samoa, for example, there are vari-
ations of the same story, relating to the violation with 
his tail of a girl by the god Pili, regarded as being an 
eel; and, according to one version, this was followed 
by the death of the eel and the growth of a coconut, 
evidently supposed to have been the first coconut, 
out of the dead eel’s head. Both these ideas of an 
eel copulating with a woman by its tail and of the 
growth of the coconut out of an eel’s head are found 
in other islands (Williamson, 1924, III(2): 233).

In Samoa, the story of Sina and her pet eel is a 
complex love story in which the eel pursues Sina 
no matter how far away from her village she tries 
to escape. In some variants her lover switches back 
and forth from human to eel form. In other vari-
ants it is Sina who pursues the eel. However, in all 
variations the eel must eventually die. He makes 
one final wish to Sina – that when he is dead she 
should cut off his head and bury it near her house, 
and from this a very special tree will grow. This of 
course is the coconut tree, all parts of which are of 
great value to Oceanic peoples.

It is little wonder that in many parts of the Pacif-
ic, people would never dream of eating eels. This 
would be sacrilege. As with so many aspects of 
spiritual values, the spread of Christianity had the 
effect of changing this deeply entrenched attitude 
towards eels in the Pacific.

On Mangareva, Peter Buck recorded that people 
in the past would not think of eating marine eels, 
but that this repugnance has disappeared: “Former-
ly the sea eel was not eaten, as it was said to be a 
man named Te Marautoro, who entered the woman 
Meto and became smeared with the vaginal secre-
tion (pakaokao). With the change in ideas, the re-
pugnance to eating sea eel vanished” (Hiroa, 1938: 
197). As we will see below, there is archaeological 
evidence of changes in human behaviour towards 
eel on Mangaia . Of freshwater eels on Mangareva, 
Buck recorded this:

“When Te-aio was killed, his blood flowed into a 
stream and was drunk by an eel. The spirit of Te-aio 
entered the eel, which after Te-aio was deified, beca-
me his incarnation. The eel went out to sea, came in 
contact with a shark, and the spirit of Te-aio passed 
over to the shark. The shark also became an incarna-
tion. This is the mechanism found in New Zealand, 
where any fish, reptile, bird, or animal which touches 
or drinks the blood of an ancestor may become the 
incarnation of that deified ancestor” (ibid.: 171).
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Of the Cook Islands in General, Hiroa comments 
“Fresh-water eels seem to be considered unimport-
ant, except in Mitiaro where they are obtained in 
large quantities from an inland lagoon” (Hiroa, 
1944: 245); and, on the small island of Mitiaro, 
northeast of Rarotonga “in the middle is a small 
area of good volcanic soil surrounded by swampy 
land. A fair sized lake and the swamps supply the 
itiki eel peculiar to Mitiaro” (Hiroa, 1944: 6). There 
is further information on this below.

In New Zealand itself, the earliest historical 
records date to the 18th century but, unfortunately, 
there are few relevant details. For example, there 
is no mention of eels in the first and second voy-
ages in the journals of Cook, Banks, or Forster; 
however, there is a short note by the Scotsman An-
derson that some large conger eels were supplied 
by Māori in Queen Charlotte Sound (Cook, 1967, 
III(2): 807). There is far more useful information in 
the 19th century. 

“Consider the story of the creation of eels, told 
to Wohlers in the 1840s. It also concerns the famous 
Maui and his wife Raukura. Raukura complained that 
she had been attacked by a person named Long Tuna 
[Tuna is the common Māori word for freshwater eel] 
who had dragged her into the water of the river and 
raped her. Maui went down to the river, lured Long 
Tuna ashore and chopped him up. He threw the head 
into the sea where it became the conger eel and body 
he threw into the river where it became a freshwater 
eel, a tuna” (Biggs, 1993).

Best described a wide range of versions of the 
story about how the personified eel defiled a wom-
an and was cut into pieces in 19th century Māori 
mythology. Here are three recorded by Elsdon 
Best, the latter two citing White (1887: 69, 76).

“#1: Maui of immortal fame, discovered that Hine-
nui-te-Po, the goddess of Hades, was carrying on so-
mething more than a flirtation with Tuna, the eel-god. 
Maui, being attentive to the morals of other persons, 
proposed to put a stop to the above state of things. He 
did so by destroying Tuna. This was one of Maui’s 
acts which eventually caused his death, for Hine was 
not taking interference quietly, and so, by dread arts 
of magic, caused the death of Maui…#2: Maui ma-
rried Hine, a daughter of Tuna and Repo, and that he 
slew Tuna for interfering with Hine. When slain the 
head of Tuna fled to the fresh water, and that is the 
origin of fresh water eels; while the tail of Tuna fled 
to the ocean and became the conger eel…#3: a Ngati 
Hau legend states that Hine was a sister of Irawaru, 
and Tuna a son of Manga-wai-roa. Also that Tuna 

concealed himself in a pool named Muriwai-o-Ha-
ta…where he was slain by Maui” (Best, 1902: 65).

Yet another version of this myth was recorded 
by Best from the Taranaki region of New Zealand.

“Then one day when the woman was bathing, an 
eel came round her body, and, with his tail, so excited 
the woman that there was awakened in her the sexual 
desire. She then went to seek Tiki, and succeeded in 
exciting him to an equal extent, thence there came to 
them the Knowledge [upper case by Best]. This act 
was viewed a most serious hara (misdemeanour, sin), 
hence Tiki, knowing that the eel had caused the wo-
man to lead him astray, resolved to take vengeance. 
He therefore slew the eel, and cut him into six pieces. 
From these six pieces sprang the six varieties of eels 
known to man” (Best, 1923: 56).

Polach who travelled widely in the North Island 
in the 1830s noted that in the vicinity of Tauranga, 
“eel was viewed as an atua [a God] by the local 
natives. Eels are said to have been tapu9 to those 
folk, hence they could not eat them, and a saying 
concerning them was, He uri no Puhi kaore e kai 
I te tuna (The offspring of Puhi do not eat eels). 
Puhi and Tuna are both terms used to denote the 
tutelary being of eels, or the personified form of 
such” (Best, 1929: 73). 

The tapu status of eels, referred to in this pas-
sage, is further touched upon by another historical 
record which deserves special attention. This re-
lates to a sojourn on the West Coast of the South Is-
land by Thomas Brunner in 1846-8. At a time when 
the party were starving for food he found that his 
Māori guides caught some eels to eat, but before 
doing so took part in an elaborate form of spiritual 
cleansing . This suggests that they considered them 
potentially dangerous to handle. Perhaps we have 
here an example of a custom making an historical 
transition from the sacred to the profane, in the 
Māori language from tapu to noa [harmless]. The 
passage in Brunner’s journal is instructive. 

“There is a particular tapu existing among the na-
tives relating to the eel. You must wash your hands 
before going to catch them, and also on returning, and 
the bait must be prepared some distance from the hou-
se. There must be a distinct fire for cooking the eel, 
for which you must have a special tinder-box; your 

9 The Māori word tapu has a very similar meaning as the 
English word taboo.
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hands and mouth must be washed both before and af-
ter partaking of them, and should it be necessary to 
drink from the same stream from which the eels are 
caught, you must have two vessels of water, the one to 
drink from, the other to dip from the stream. Whether 
this relates to particular places or not, I am not able 
to say, but I found it strictly adhered to at Okitika and 
Okarita and at the former place I had to walk half a 
mile for water, with a stream running within a few 
yards of our station” (Taylor, 1959: 274–275).

Taylor, who edited Brunner’s journal for publi-
cation, observed in a footnote at this point: “Hoki-
tika and Okarito, which he had not visited at this 
stage. In the Nelson Examiner and New Zealand 
Chronicle10 this eel-tapu passage is placed much 
later, on 12 February 1848, when returning up the 
Grey River” (Taylor, 1959: 275). Brunner must 
have thought this matter of some importance when 
he found the custom to be more widespread, after 
he had travelled further south, and inserted the pas-
sage in the entry for the 19th April 1847, where he 
had first come across the behaviour among Māori.

Elsdon Best was obviously puzzled about this 
tapu cleansing behaviour amongst Māori, for he 
remarked: 

“A peculiar note comes from a South Island source 
[not identified by Best] to the effect that when about 
to set an eel-pot a Maori would wash his hands. ‘If 
this act be neglected’, says our informant, ‘then no 
eels will enter the pot’. This may be so, but I cannot 
say that such a precaution ever came under my own 
observation. These punctilious eel-trappers must have 
died out before my time, or possibly the usage did not 
extend to the North Island... When exploring West-
land in 1847, Brunner noted this superstitious practice 
among eel-fishers [citing Hamilton (1908: 69) as his 
source of information] (Best, 1977: 188–189). 

Hamilton did not specify which manuscript he 
consulted for Brunner’s observation, when he re-
counted these same details in his own publication 
(cited above). Unfortunately, we are now so far 
removed from the primary historical observations 
that we may never fully understand what was hap-
pening to Māori customs relating to eels after the 
first encounter with Captain Cook in 1769. Howev-
er, there are indications in these stories which pres-
ent an intriguing possibility – that in earlier times 

10 Nelson Examiner and New Zealand Chronicle, 14 October 
1848, Page 3.

in New Zealand eels were tapu, and not considered 
as food (like to many places in tropical Polynesia), 
but for some reason this tapu was set aside, and 
eels became one of the most important sources of 
food for Māori, as was certainly the case in Tuhoe-
land, Wanganui, Taranaki, and Wairarapa in the 
19th century.

Summary Observations on Eel Myths and 
Traditions

This review of myths and traditions concerning 
eels among the Austronesian peoples in the wider 
Pacific, from Melanesia, Micronesia, and Polyne-
sia, reveal a number of common themes. 

#1: The eel, either marine or freshwater, is the 
incarnation of a male deity and symbolises the pe-
nis.

#2: The personified eel tempts and defiles a 
woman sexually.

#3: A male, often an heroic ancestral figure, 
punishes the eel by cutting him up into pieces.

#4: There is a strong association of eels with 
danger.

#5: The eel is either venerated or feared and is 
certainly not considered food.

#6: In some societies, the arrival of Europeans 
resulted in the lifting of the taboo of eels as food.

It is hardly surprising that the Polynesians from 
the tropical Pacific who discovered and settled 
New Zealand in the last 1,000 years brought with 
them a raft of existing myths, customs, and cultur-
al attitudes towards catching and eating freshwater 
and seawater eels. It is reasonable to conclude that 
the earliest immigrants to New Zealand brought 
with them an over-arching theme that eels were 
associated with divine beings, danger and fear, 
and not considered food. In the course of time in 
different areas, the oral traditions and myths di-
verged to varying degrees, so that many versions 
were recorded in the 19th and 20th centuries. In two 
recorded cases in the early historic period, one near 
Tauranga, and the other in Westland, eels were cer-
tainly considered tapu and not food. During the 
Brunner expedition, both the explorers and their 
Māori guides were starving and resorted to eating 
eels only after an elaborate tapu removing ceremo-
ny. However, for many parts of New Zealand eels 
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came to be a very important source of food. We 
suggest that at some stage in the cultural transfor-
mation of the New Zealand settlers from Polyne-
sian to Māori eels changed from divine to ordinary, 
from tapu to noa, from non-food to food. Our view 
on how and when this transformation happened is 
discussed below.

THE CRANIAL OSTEOLOGY OF EELS

Identifiable Anatomy

For reasons described elsewhere (Leach, 1997), 
the bones most commonly chosen for systematic 
identification of fish from archaeological sites in 
New Zealand and the Pacific are five paired cranial 
bones and certain ‘special’ bones which are particu-
larly characteristic of some species. The five crani-
al bones are: dentary, premaxilla, articular, maxilla, 
and quadrate, in order of their ease of identification 
to species11. The main osteological focus of this pa-
per is the bones of the common species of eels that 
are found in New Zealand, rather than the wider 
Pacific, and tropical marine eels are not considered 
in this section except in passing. These are the two 

11 As Ford showed in 1937, eel vertebrae are very distinctive 
from other fish species, having an unusual housing for the spinal 
cord and lateral spines (Ford, 1937: 10, 51-52).

species of freshwater eel, and the marine conger eel 
(Conger verreauxi) in New Zealand. These bones 
are illustrated in Figure 7.

The bones of conger eel are very different from 
those of freshwater eels and present little difficulty 
of identification. However, the two species of 
freshwater eel are much more difficult to distin-
guish. The long finned eel, Anguilla dieffenbachii, 
grows to a much larger size than the short finned 
eel, Anguilla australis. So, assuming one can esti-
mate the live fish size from bones using a suitable 
allometric equation, a specimen more than about 
100 cm fork length is probably a long finned eel. 
However, there is an additional problem here, be-
cause the linear equations linking bone size and 
fork length appear to be different for the two spe-
cies (discussed below).

Fortunately, there is another cranial bone with 
features by which each species may reliably be 
identified. This is the vomer. The distribution of 
teeth on this bone is quite different for the two spe-
cies. Referring to Figure 7, it may be observed that 
in the case of the long finned eel the teeth continue 
posteriorally along the mid-line, tailing off to a nar-
row point. By contrast, in the short finned eel, these 
teeth are truncated anteriorally, and are rounded 
off, rather than narrowing towards the mid-line 
(See Figure 9).

It may be noticed in Figure 7 that the premaxilla 
is not illustrated. The reason for this is that eels do 
not have a separate premaxilla, and, unlike in many 

FIGURE 7
Commonly identified cranial bones of eels. Left: the long finned eel, Anguilla dieffenbachii. Right, conger eel, Conger verreauxi (abbre-
viations are listed at the end of this paper). Right elements are shown.
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other fish species, the upper teeth are situated on 
the maxillary. This is clearly illustrated in Figure 8. 
In a detailed study of the development of the chon-
docranium of the freshwater eel Anguilla vulgaris, 
Norman (1926) described how the premaxillaries, 
the mesthmoid, and the vomer became fused to 
form a single bone in embrios:

“No premaxillary bones are present in a specimen 
of 31 mm, but in larvae of 40 to 78 mm the rudiments 
of these bones are apparent. They lie above the ros-
trum, and have the form of incomplete bony tubes, 
each of which surrounds a sensory canal; these tubes 
unite posteriorly just in front of the mesethmoid bo-
nes” (Norman, 1926: 398).

The comparative cranial anatomy of the Or-
der Apodes was studied in detail by Regan in his 
seminal paper in 1912. he defines the main cranial 
features of the entire order at the outset, before dis-
cussing each family in turn. He states:

“Praemaxillaries not developed as distinct ele-
ments... praemaxillaries, mesethmoid, and lateral eth-
moids represented by a single dentigerous bone”, and 
“It can hardly be doubted that the dentigerous bone in 
front of the vomer and between the maxillaries repre-
sents the premaxillaries ankylosed to the mesethmod” 
(Regan, 1912: 378).

Regan added a footnote referring to Boulenger’s 
contribution to The Cambridge History volume for 
additional information on the issue. Boulenger, in 
discussing the premaxilla in the Order Apodes states:

“There has been much difference of opinion in the 
determination of the bones of the upper jaw in these 
fishes. Cuvier regarded the lateral bones of the upper 
jaw as praemaillaries, Owen and Richardson as pala-
tines (at least in the Muraenas), whilst ...most recent 
authors have identified them throughout as maxilla-
ries” (Boulenger, 1904: 599-600).

Boulenger, also footnotes this comment, refer-
ring to Jacoby’s discussion on Moray eels. Jacoby 
describes the premaxillary to be “entirely wanting” 
in Muraenidae (Jacoby, 1867: 261). The only non 
19th century comment we found on this isssue is 
that “the prexmaillary-ethmoid fusion is conven-
tional for anguilliformes” (Robbins & Robbins, 
1971:135).

Allometric Analysis

A sample of 99 modern eels was collected, 49 
of the long finned eel and 50 of the short finned 
eel. Each was boiled down, the five cranial bones 
already described were extracted, and cleaned, 
and 20 measurements were made with calipers 
(Teal, 1974). The methods of measurement and 
metrical analysis follow a series of earlier pub-
lications on snapper, Pagrus auratus (Leach & 
Boocock, 1995), kahawai, Arripis trutta (Leach 
et al., 1996), barracouta, Thyrsites atun (Leach et 
al., 1999), blue cod, Parapercis colias (Leach et 
al., 2000). Labridae (Leach & Davidson, 2001), 
and red cod, Pseudophycis bachus (Leach et al., 
2001), and need not be described further here. In 
the case of eels, the live total length and weight 
were measured, and then two measurements were 
taken on each of the four main cranial bones; one 
of the maximum length, which can be taken on 
whole specimens, and another appropriate to a 
fragment of the bone. Finally, two measurements 
were taken of the vomer. Thus there are two live 
measurements, two measurements on each of five 
bones, both left and right, totalling 22 data for each 
specimen. The anatomical landmarks used for the 
measurements are illustrated in Figure 9.

There was considerable difficulty in obtaining 
large specimens of the short-finned species, and 

FIGURE 8
Cranial bones of a freshwater eel, Anguilla rostrata (left), and a marine moray eel, Lycodontis funebris, syn. Gymnothorax funebris, 
highlighting the vomer and maxilla bones, adapted from Gregory (1959: 202).
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only one specimen greater than 600 mm was cap-
tured (847 mm).

The bone metrical data were subjected to sta-
tistical analysis, to determine the best allometric 
relationship between bone size and live fish length 
and weight. Least squares regression analysis was 
carried out on the measurements, using several 
models for best fit (linear, exponential, logarith-
mic, power curve fit, and cubic fit). We initially 
considered the two species separately, but found 
very little difference between them. In any event, 
with the exception of the vomer, the two species 
are virtually impossible to differentiate from bone 
anatomy. There was no choice but to combine the 
two sets of data during statistical analysis.

Deciding which model best fits the modern data 
could take into account one or more of three things: 
#1: the standard errors of the estimate for each mod-

el, #2: analysis of residuals for each, and #3: visual 
analysis of how well the various curves fit the mod-
ern data when plotted together. The third sugges-
tion is particularly important, and should never be 
overlooked in this type of study. In this respect, it 
is useful to generate the line of best fit, and the two 
lines which show the boundaries of the standard 
errors of the line. When the modern data are plot-
ted on a graph with these three lines, the success or 
otherwise of the model is usually much clearer than 
by simply examining the standard error or residuals.

In the case of reconstructing fork length from 
a bone dimension, there is good reason to think 
that a linear equation would be the best fit. How-
ever, when the modern data are unevenly spread 
through the size range, and dominated by smaller 
specimens, it has frequently been found in practice 
that some form of non linear curve captures the 

FIGURE 9
Landmarks for measurements on eel cranial bones. For the vomer, both species are illustrated. The remainder are the right elements of 
the long finned eel which is all but indistinguishable from the short finned eel. RD1=A-B, RD2=C-D, RA1=E-F, RA2=F-G, RQ1=H-I, 
RQ2=J-K, RM1=L-M, RM2=L-N, VO1=P-O, VO2=R-Q.
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data better. In most of the previous studies of fish 
osteology cited earlier, a power curve was found 
to best capture the modern data. However, in the 
case of the eels, so few very large eels were able to 
be caught and measured that the accumulated data 
were very patchy across the size range. Neither 
linear nor power curve fit captured the distribution 
adequately, but an exponential fit did.

In the case of reconstructing live weight from a 
bone dimension there are good reasons for choos-
ing a cubic function but, as with the above case, 
several models should be attempted, to make sure 
unequally distributed sized fish are all reasonably 
well captured. Once again, in previous studies, the 
power curve fit has been the most common model 
accepted after careful examination. However, in 
the case of eel bones, after examining both the sta-
tistics (standard errors and residuals), and a careful 
study of the graphs for each model, it was decided 
that the best fits were all cubic equations.

An example of the curves of best fit are plotted 
out in Figure 10 for the LD1 bone measurement, 
and the various constants for each bone measure-
ment are provided in Table 4, together with the 
standard errors of the estimates. For example, the 
live length of an eel can be estimated from the 
left dentary maximum length measurement as fol-
lows:

Live length = 307.207 * exp (0.0223*LD1) ± 68.2

Similarly, the live weight can be estimated from 
the same bone measurement as:

Live weight = 0.029 * LD13 ± 277.8

Live Length Live Weight
Measurement Const A Const B SEE Const C SEE

LD1 307.207 0.0223 68.2 0.029 277.8
LD2 324.969 0.0736 76.2 1.131 439.2
LA1 293.054 0.0358 65.8 0.108 278.8
LA2 314.366 0.0668 70.6 0.817 372.4
LQ1 354.666 0.1464 92.2 10.961 886.8
LQ2 293.670 0.0810 91.0 1.259 569.4
LM1 326.100 0.0313 74.8 0.084 626.3
LM2 305.459 0.1248 65.6 4.640 310.0
RD1 307.420 0.0223 69.0 0.029 297.6
RD2 330.552 0.0707 73.5 1.047 385.2
RA1 296.997 0.0349 66.0 0.104 268.6
RA2 313.568 0.0668 72.8 0.840 360.2
RQ1 353.225 0.1472 93.8 11.433 794.9
RQ2 295.235 0.0790 88.0 1.174 634.3
RM1 324.016 0.0313 75.2 0.082 638.7
RM2 303.621 0.1259 69.4 4.764 344.7
VO1 346.490 0.1022 110.2 4.333 999.7
VO2 351.533 0.0351 75.7 0.165 510.1

TABLE 4
Equations for estimating live length and weight from bone mea-
surements of both species of eel.

As an example of the utility of these estimates, 
the LD1 measurement for a mid range specimen 

FIGURE 10
Scatterplot showing the typical relationship between the LD1 bone size and live fish size for the two species of eels combined. Left live 
length, right live weight. The line of best fit is the blue line, and the green lines show the standard error of the estimate across the size 
range.
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(catalogue number FA539) measures 28.50 mm. It 
had a live length of 580 mm and the live weight 
was 578 g. Using the constants listed in Table 4, 
the estimated length and weight for this specimen 
can be calculated as 580.03 mm and 671.32 mm 
respectively. The difference between real and cal-
culated length is minimal, and for weight 93g.

Although these are very satisfactory results for 
an individual specimen, the scatterplot shown in 
Figure 10 suggests that not all eel specimens will 
conform as well as this. In particular, live weight 
will depend a great deal on the condition of spec-
imens, since eels can accumulate considerable oil 

reserves when food is abundant. In addition, there 
are likely to be differences between male and fe-
male specimens that cannot be determined from 
bone anatomy. These differences are reflected in 
large standard errors of the estimates for weight 
in Table 4, which averages about 500 g, and is as 
much as 1000 g in the case of vomer measurements.

It has to be accepted that estimating live body 
weight of eels directly from bone measurement is 
not easily accomplished. This is most unfortunate, 
because calculating the caloric contribution to pa-
laeo-diet from faunal remains is an important ob-
jective in economic archaeology.

Excavation Anguilliformes Muraenidae Anguillidae Subtotal Total

Kapingamarangi 2 194 - 196 4260

Palau - 94 - 94 7605

Nan Madol, Ponape - 50 - 50 3182

Kaloko, Hawaii - - 32 32 262

Fais, Caroline Is - - 21 21 5183

Ngaaitutaki, Mangaia - - 20 20 236

Tiouande Site 5, New Cal - 10 7 17 631

Fa’ahia Sinoto excavation - 7 5 12 1708

Vaito’otia - 7 4 11 1639

Fa’ahia Navorro excavation - 1 8 9 2277

Rota - 8 - 8 519

Tiouande Site 14, New Cal 3 4 - 7 110

Motupore - 5 - 5 2305

Hane, Ua Huka, Marquesas - 2 2 4 1246

Taumako 1 2 - 3 327

Tiwi Cave, New Caledonia - 1 2 3 852

Motupore, PNG (Groube) - - 3 3 2880

Tepaopao, Mangaia - - 2 2 7

Dongan, PNG - - 2 2 207

Cikobia, Site 037, Fiji - - 2 2 36

Anaio, Ma’uke, Cook Is - - 2 2 266

Yalu, Malekula, Vanuatu - - 1 1 2

Ponamla, Erromanga, Vanuatu - - 1 1 141

Mangaas, Efate, Vanuatu - - 1 1 259

Lapita, New Cal, Sand - 1 - 1 651

Erua, Mangaia, Cook Is - - 1 1 25

Nukuoro - - 1 1 1599

Totals 6 386 117 509 38,415

TABLE 5
Twenty-seven archaeological sites in the tropical Pacific region containing eel bones at various taxonomic levels of identification.  NISP 
values.
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From the foregoing, the method outlined above 
for estimating live weight from bone dimensions is 
a one step process, where the equations are estab-
lished from the available osteological comparative 
collection (N=99 specimens). An alternative would 
be to use a two step process, estimating live length 
from bone dimension and then using well estab-
lished formulae for estimating eel weight from live 
length, which are based on much larger samples. 

For example, Jellyman et al. (2013: 453, 455) pres-
ents the equation: 

W = A*LB

Where W = weight in g, and L = length in mm, 
and the constants A and B are 4.905 x 10-7and 
3.224 for the short finned eel, and 3.624 x 10-7 and 
3.307 for the long finned eel respectively. These 

Excavation Anguilla spp. Conger spp. Sub-total Total

Mana Island North 0 118 118 3949

Washpool Site 55 6 61 1562

Foxton 66 - 66 5504

Parewanui Midden 55 0 55 211

Black Rocks BR4 0 20 20 1678

Te Ika a Maru, Flat 0 16 16 531

Chalky Is 0 13 13 158

Breaksea Sound 1 0 11 11 5795

Paremata 0 9 9 569

Southport 1 0 8 8 1050

Southport 4, Cave 0 7 7 205

Long Island, Dusky 0 7 7 440

Cascade Cove, Dusky 0 7 7 230

Southport 6 0 6 6 470

Makara Beach Midden 0 5 5 82

Titirangi Sandhills, 0 4 4 87

Te Ika a Maru, East Flat 0 4 4 201

Southport 7 0 4 4 218

Black Rocks BR3 0 4 4 353

Black Rocks BR2 0 4 4 275

Wakapatu 1 2 3 289

Mana Island South 0 3 3 2431

Hot Water Beach 3 0 3 915

Southport 5, Cave 0 2 2 250

Shag River Mouth 2 0 2 8004

Tiwai Point 0 1 1 226

Titirangi Cattleyard 0 1 1 33

Sandhill Point 1 0 1 1 954

Makotukutuku M3 0 1 1 39

Coopers Island 0 1 1 481

Totals 116 265 381 37,190

TABLE 6
Twenty-nine archaeological sites from New Zealand containing bones of either freshwater eels or marine conger eels.  NISP values. NB: 
The total NISP for Foxton was published as 4,109 in Davidson et al. (2000: 79). Since then, additional analyses were made, increasing 
the total to 5,504.
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constants were established from huge samples of 
the two species (N=34,891 and 41,070). Unfortu-
nately, no similar equation is available for the two 
species combined.

The two-step option is certainly the best option, 
however, with the exception of the vomer bone, the 
two New Zealand species cannot be differentiated 
from their cranial anatomy. Therefore, with the 
exception of the vomer, each bone measurement 
yields two estimates of the live weight, appropriate 
to each species.

On the whole, this metrical study of the bones 
of a comparative collection of modern eels has not 
been as definitive as past studies of other species of 
New Zealand fish. It proved very difficult to obtain 
large specimens of both species, and almost impos-
sible for short finned eels. As can be seen from Fig-
ure 10, there are large gaps in the size range, which 
is anything but evenly distributed. However, this 
study represents a starting point that hopefully can 
be built upon in future. 

The procedure outlined above was used to study 
archaeological collections from New Zealand and 
the Chatham Islands that have yielded eel bones, 
and results are discussed below.

EEL BONES IN PACIFIC AND NEW 
ZEALAND ARCHAEOLOGICAL SITES

Over a period of years from 1987 to 2001 a 
small staff of researchers at the Archaeozoolo-
gy Laboratory at the Museum of New Zealand 
Te Papa Tongarewa identified (and in some cases 
re-identified) the fish remains from a large number 
of archaeological sites from the tropical Pacific, 
the Chatham Islands, and New Zealand. The pre-
cise locations of sites mentioned here are provided 
in an appendix in Leach (2006: 331 ff). Extensive 
comparative material was available on specially 
prepared boards organised anatomically for ease of 
identification. The methods of analysis and identi-
fication were carefully controlled and are described 
in detail elsewhere Leach (1986). As pointed out 
earlier, there are two species of freshwater eel in 
New Zealand. With the exception of the vomer, the 
cranial anatomy of these two species are difficult 
to distinguish. During analysis of archaeological 
collections careful attention was paid to vomers for 
this reason. In most cases, fragmentation made spe-
cies determination impossible, but at Foxton five 

could be identified – four were Anguilla dieffenba-
chii, and one was A. australis. At the Waihora site 
in the Chatham Islands, 16 vomers were A. austra-
lis, and one was probably A. dieffenbachii.

The NISP values for these three groups of ex-
cavations are provided in Tables 5, 6, and 7. The 
total number of identifications in these tables and 
the sites without eel bones is 188, 351.

Excavation Anguilla spp. Conger spp. Sub-total Total

Waihora 54 88 142 22249

Kahiti South 84 18 102 503

Kahiti North 8 1 9 268

CHB 2 4 6 31704

Ohinemamao 2 - 2 27

CHA - - 0 3819

CHC - - 0 5

Te Ngaio - - 0 5

Pokiakio - - 0 8

Totals 150 111 261 58,588

TABLE 7
Archaeological sites from the Chatham Islands containing bones 
of either freshwater eels or marine conger eels. NISP values.

EELS IN ARCHAEOLOGICAL SITES IN THE 
TROPICAL PACIFIC

In the Pacific region there are many species be-
longing to the Order Anguilliformes, and compara-
tive material is limited. Some specimens were un-
able to be identified with certainly as Muraenidae 
and are listed as Anguilliformes. However, both 
moray eels (Muraenidae) and freshwater eels (An-
guillidae) are reasonably easy to distinguish, and 
are differentiated in Table 5. It is important to note 
that moray eels are implicated in numerous modern 
examples of ciguatera poisoning, and the threat is 
considered serious enough for the general warning 
“the public should be repeatedly warned to avoid 
eating moray eels” (Chan, 2017: 1). Although the 
head, skin and viscera (especially the liver) are 
considered the most dangerous parts of the animal, 
eating the flesh can also be fatal (Chan, 2016: 708). 
Disturbance of coral reefs during stormy weather 
is known to increase the toxicity of species sus-
ceptible to accumulating ciguatera in their tissues 
(ibid.).
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In spite of the dangers of eating moray eels, they 
are highly nutritious. One nutrient analysis shows 
57.8% by weight crude protein, and 14.1% fat 
(Goodman-Lowe et al., 1999: 139).

The following 37 Pacific excavations produced 
no eel bones at any level of taxon. The total NISP 
of identified fish bones in each collection is given 
in parentheses. The NISP Grand Total = 6,630.

Tinian (1,038), Mouli B, Loyalty Is (962), Hna-
joisisi, Hna Cave, Loyalty Is (954), Cikobia, Site 
006, Fiji (711), Kosrae (404), Rurutu (354), Mouli 
A, Loyalty Is (270), Rota-SIU (261), Hnajoisisi, 
Loyalty Is (257), Guam (254), Ponape (247), Vat-
cha Site Ch1 New Caledonia (183), Cikobia, Site 
001, Fiji (154), Nikunau Island, Kiribati (135), 
Arapus, Efate, Vanuatu (86), Hnenigec, Loyalty 
Is (57), Cikobia, Site 005, Fiji (47), Navatu, Fiji 
(46), Pwekina, New Caledonia (45), Peete, Loyalty 
Is (40), Ifo, Erromango, Vanuatu (31), Vatcha Site 
Ch2 New Caledonia (20), Kurin, Loyalty Is (19), 
Woplamplam, Malekula, Vanuatu (13), Navaprah, 
Malekula, Vanuatu (11), Vatcha Sondage A New 
Caledonia (7), Malua Bay, Malekula, Vanuatu (6), 
Cikobia, Site 04, Fiji (4), Vatcha Sondage C New 
Caledonia (3), Vatcha Sondage B New Caledonia 
(2), Nonime, Loyalty Islands (2), Keny, Loyalty Is-
lands (2), Wambraf, Malekula, Vanuatu (1), Ndav-
ru, Malekula, Vanuatu (1), Cikobia, Site 090, Fiji 
(1), Cikobia, Site 087, Fiji (1), Cikobia, Site 047, 
Fiji (1).

EELS IN ARCHAEOLOGICAL SITES IN NEW 
ZEALAND

The most common species of freshwater eel in 
New Zealand and the nearby Chatham Islands is 
the short finned eel, Anguilla australis. The long-
finned eel, Anguilla dieffenbachii, attains a much 
greater length and tends to be further inland. There 
are more than 20 species of seawater eels in New 
Zealand coastal waters, most are deep in northern 
warmer waters, and have yet to be identified from 
archaeological sites. The most common seawater 
eel is Conger verreauxi, and this is found in many 
sites.

Also significant, the following 42 New Zealand 
excavations produced no eel bones at any level of 
taxon. The total NISP of identified fish bones in 
each collection is given in parentheses. The NISP 
grand total = 47,528.

Long Beach (34,035), Kokohuia (2,578), Sand-
hill Point 3 (2,341), Cross Creek (1,980), Fox River 
(695), Sunde Site (610), The Glen (580), Station 
Bay Pa (532), Omihi (508), Midden 8, Matakana 
(485), Port Craig Cave (445), Takahanga Post (417), 
Ross’s Rocks (403), Sandhill Point (286), Harata-
onga Bay (214), Te Kiri Kiri (209), Taiaroa Head 
(170), Peketa Pa (136), Tumbledown Bay (119), 
Panau (113), Port Jackson (108), Hudson’s Site 
(94), Black Rocks Fan (81), Davidson Undefended 
(79), Papatowai (70), Port Craig (54), Makara Ter-
race (44), Lee Island (31), Leahy Undefended (29), 
Milford (19), Parangiaio (17), Southport 8 (13), 
Harataonga Bay Pa (9), Makotukutuku M1 (5), 
Sandhill Point 2 (4), Goose Bay Midden (4), Titi-
rangi Pa (3), Southport 9 (2), Port Craig1 (2), Port 
Craig2 (2), Garden Island (1), Breaksea Sound (1).

EELS IN ARCHAEOLOGICAL SITES IN THE 
CHATHAM ISLANDS

Information on fish catches from nine excava-
tions are in the database at present. The archaeo-
logical sites are Waihora (Sutton, 1989); CHA, 
CHB and CHC (Smith, 1985); Kahiti North, Ka-
hiti South, Te Ngaio, Ohinemamao, and Pokiakio 
(McIlwraith, 1976). The NISP values are given in 
Table 7. Four sites which did not contain any eel 
bones are included in the table.

It is abundantly clear from these tabulated re-
sults that eels were only rarely caught by pre-Eu-
ropean people in the Pacific and New Zealand. The 
total number of freshwater eel bones identified was 
383, which is a mere 0.2% of the total NISP (188, 
351). Marine eels are about twice as abundant with 
a total NISP of 768, or 0.4% of the total. Even so, 
this is a very small number.

Only two archaeological sites stand out as 
having more than average eel bones. These are 
Kapingamarangi, with 4.6% marine eels, and the 
Parewanui site which has 26.1% freshwater eels. 
The alternative measure of abundance of Mini-
mum Number of Individuals (MNI) gives a value 
of 5.4% for Kapingamarangi, and 53.7% for Par-
ewanui (Leach, 2006: 189). Regardless of which 
measure is used, these two sites stand well out from 
others in having far greater relative abundance than 
any other sites. The Parewanui site is close to his-
torically recorded eel channels and was radiocar-
bon dated to <250 years (NZ7354, Cassels et al., 
1988: 120).
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LENGTH AND WEIGHT ESTIMATES OF 
EELS FROM BONES

Measurements were made on as many as possi-
ble of the bones of freshwater eel in the sites listed 
above, and using the allometric equations discussed 
earlier (constants in Table 4), estimates were made 
of the corresponding length and weight of each fish 
represented in these sites. The total number of mea-
surements able to be made was 169 (Washpool 49, 
Parewanui 42, Foxton 37, Kahiti South 32, Kahiti 
North 7, and Wakapatu 2). It may be noticed that 
these numbers are a little lower than the NISP val-
ues given in Tables 6 and 7. This is because some 
bone fragments, although identifiable to genus, did 
not possess the anatomical landmarks necessary 
for measurements to be made. 

The length and weight ranges of these eels is 
given in Figure 11. The most abundant eels are in 
the size range of 430 to 500 mm, which is quite 
small. The largest eel is estimated to have been 
1323 mm, and to have weighed c. 8251 g. The 
weight of this large eel may also be estimated us-
ing Jellyman’s formulae for each of the two spe-
cies, cited earlier. Thus, the specimen with length 
of 1323 mm would have been either circa 5684 or 
7624 g using their two formulae. Our value of 8251 
is either 2.5 kg or 0.6 kg too heavy depending on 
whether the bone belonged to short or long finned 
species. Clearly for large eels, there can be signifi-
cant errors in estimating live body weight from ar-

chaeological bones, largely because of our inability 
to determine which species is present.

SPECIFIC SITES FROM THE TROPICAL 
PACIFIC

The results above from 144 sites scattered through 
the Pacific and New Zealand were all studied in the 
Archaeozoology Laboratory at the Museum of New 
Zealand using strictly comparable methods. 

A few of these stand out for additional com-
ments below (Tikopia, Nukuoro and Kapingama-
rangi), but before doing so there are a few addi-
tional studies in the Pacific that deserve mention, 
even though in some cases the methods of analysis 
are not quite the same as those summarised above. 
The sites in question produced significant numbers 
of eel bones.

Rapanui and Rapaiti

These two islands are well below the tropics12, 
Rapanui (Easter Island) lying at 27°10’S and Rapa-
iti at 27° 35’S. As such, their marine fauna are con-

12 The southern border of the tropics is considered to be 23° 
26’S.

FIGURE 11
Size-frequency distribution of catches of eels present in New Zealand and Chatham Island archaeological sites (N-169). The right hand 
graph is truncated at 3.5 kg (see text).
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siderably different to those of the islands consid-
ered above. Neither island has a fringing reef, so 
there are more limited opportunities for inshore 
fishing than around islands in the tropics.

Ayres documents eels in considerable numbers 
in his excavations on Rapanui. He combines the 
abundance figures for three families of eels to-
gether (Muraenidae, Congridae, and Brotulidae13) 
in his tabulation as 28.6%, 26.2%, and 23.2% of 
the total fish catches by MNI, for sites Runga Va’e 
(12-1), Papa te Kena (34-2) and Anakena (35-7) re-
spectively (Ayres, 1985: 123). The total MNI for 
these three sites was 76, 626, and 194). He also did 
some measurements on dentaries (type of eel not 
specified), and obtained mean values of 24.7, 25.2, 
and 24.5 mm for the same three sites (N=15, 90, 
and 30, ibid.: 112). Without knowing what type of 
eel these measurements refer to, the live fish length 
cannot be estimated. By way of comparison, the 
average dentary length for the New Zealand ling is 
about 70 mm. In spite of the preliminary nature of 
Ayres’ study, these records from Easter Island are 
very significant, and certainly show that the people 
living there in the past targeted marine eels in their 
fishing activities.

Recent research at two moai in Rano Raraku on 
Rapanui also produced bones of marine eels. Mu-
raenidae were 6.9% of a total NISP of 434 Teleostei 
bones in the pre-contact era, and 10.3% of a total 
NISP of 408 bones in the post-contact period. One 
bone of Congridae was also present in both time pe-
riods (Wake, 2021, and Wake, 2021 pers. comm.). 
Although these more recent results are derived from 
much smaller samples than Ayres’ study, and come 
from quite different cultural contexts, they certain-
ly show that marine eels were a significant food 
source for prehistoric people on Rapanui. Freshwa-
ter is strictly limited on the island, so a population 
of freshwater eels would not be sustainable.

Much more information about ancient fishing 
is available from Rapaiti (commonly known as 
Rapa). 

Anderson, in his paper on the ethnohistory of 
Rapa, has several useful observations on eels. In 
a passage referring to Stokes’ unpublished manu-
script (Stokes, n.d.) he states: 

13 Brotulidae is classed as a sub-family of Ophidiidae (cusk 
eels) by Nelson (1994: 225). The New Zealand ling (Genypterus 
blacodes) is an example of a cusk eel and features as a minor 
component in prehistoric fish catches there (Leach, 2006: 62). 

“Freshwater eel occurred commonly but was not 
eaten. In 2002, large freshwater eels were abundant 
in the streams and taro ponds and still were not eaten. 
Local people have a legend about a guardian spirit 
in the form of a blonde-haired woman who changes 
into an eel, which accounts for it not being killed or 
eaten... Marine eels were snared in the coral-reef sha-
llows by women. They used two sticks, one of which 
held a bait, and the other a slip noose” (Anderson, 
2012: 42). 

Moray eels can be quite dangerous, and this 
proposed method of capture would not be without 
risk. Again citing Stokes’ unpublished manuscript: 
“Following snaring, the eel was dashed against the 
rocks to kill it” (Szabo et al., 2012: 153).

We can’t help wondering if this woman who 
changes into an eel is a somewhat distorted ‘folk 
memory’ of the story of Hina and the eel, so 
widespread throughout Polynesia. A version of 
this myth even occurs on Rapanui where, unlike 
Rapaiti, freshwater eels are not present. Métraux 
notes that tuna is considered to be a man on 
Rapanui. 

“Of extreme importance is the mention of Riri-tu-
na-rai as the female being who, with Atua-metua, 
conceives the coconut (niu). Here is a faint sugges-
tion of the wide-spread Polynesian myth of the ori-
gin of the coconut which grew from the head of an 
eel (tuna), the lover of Hina. A version of this myth 
is present in Mangareva, but as fresh-water eels do 
not exist in these islands, Tuna is considered there as 
Man. On Easter Island there are no fresh-water eels 
or coconuts, and the name niu is given to the fruit 
of the Thespesia populnea, but the chant has retained 
the traditional association of the eel with the coconut” 
(Métraux, 1940: 323).

While the archaeological sites on Rapaiti pro-
duced no bones of freshwater eels so far, those of 
marine eels are present in considerable number. As 
Vogel observed:

“The large number of marine eels present in the 
Rapan assemblages, particularly those from Tangaru-
tu, is also somewhat anomalous. This is unlikely to 
be due to methodology, as MNIs for these were based 
on the five paired mouth parts for both Congridae and 
Muraenidae. Rather, it seems likely that the environ-
mental conditions on Rapa resulted in eels being more 
easily accessible, or perhaps more plentiful, than tho-
se families usually more favoured by Polynesians” 
(Vogel, 2005: 93).
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She also notes a significant change in the rela-
tive abundance of Muraenidae eels over time at the 
Tangarutu site. This is clearly seen when either the 
MNI or NISP values are tabulated (Vogel, 2005: 
80-85, and Vogel, 2012: 118-123). From her MNI 
and NISP values, possible changes through time 
can be plotted out with appropriate standard errors 
(discussed earlier) in Figure 13. The Tangarutu site 
has a time depth of c. 500 years (Vogel, 2012: 126). 
Vogel offers a number of hypotheses for these ob-
served changes through time.

Rapaiti is an interesting case, where there is a 
clear differentiation between freshwater and ma-
rine eels – one being avoided (tapu) and the other 
being acceptable as food (noa). 

Aitutaki, Cook Islands

Some very interesting results have been obtained 
from four excavations on this island. The Ureia site 
produced 52 bones of Muraenidae from a total 
NISP of 2930 (1.8%), the Hosea site, 48 from 931 
(5.2%), the Aretai site, 9 from 319 (2.8%), and 1275 
from 11,183 (11.4%) from the Moturakau site (Al-
len, 1992: 546-550). The first three sites are situated 
on open air living spaces, while the latter is a rock 
shelter on an outlying islet. The high proportion of 

moray eels from the rockshelter, contrasting with 
the open sites, raises an issue of site functionality. 
The main source of food energy in the Cook islands 
is carbohydrate from taro. This is not available on 
the islet of Moturakau, so an alternative calorie-rich 
source of food had to be found for anyone living 
on this islet for any length of time. The fat-rich re-
serves in moray eels would help to provide this.

Mangaia, Cook Islands

The Tangatatau rock-shelter on Mangaia was 
studied by Butler (2017). Although Butler’s meth-
ods are not exactly the same as those at the Museum 
of New Zealand, they are close enough for direct 
comparison with the above site data. One small 
point relating to methodology is her comment that 
the eel “premaxilla is extremely reduced in size and 
lacks distinctive features; none were identified from 
the site” (Butler, 2017: 104). As described earlier, 
eels do not develop a separate premaxilla during the 
embryonic stage of development. This is the reason 
none were found at Tangatatau. The Tangatatau site 
consisted of 19 stratigraphic zones. Sixty 14C dates 
establish a chronology from the earliest zone 1 to 
the latest zone 17, from circa 1,000 AD to the his-
toric period (Weisler et al., 2016: 8151). Mangaia 

FIGURE 12
Relative abundance of freshwater eels at the Tangatatau site on Mangaia (NISP) over time. Zone 1 is c. AD 1000, through to Zone 19 in 
the historic period. The standard error is also shown.
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is a volcanic island with an elevated limestone reef 
around it (makatea14). Between the makatea and the 
rocky island there are many swamps; these are very 
suitable habitats for freshwater eels.

Butler identified 92 bones of freshwater eel. The 
total NISP of all fish species was 1649, so eels rep-
resent 5.6% overall. The most common bones were 
dentaries (47). The frequency through the history 
of the site is illustrated in Figure 12, using data 
from Butler (2017: 118-199). The error bars are 
68 and 95% confidence limits of a proportion (also 
known as the standard error of a proportion), and 
follows Snedecor & Cochran (1967: 210–211; also 
see Leach & de Souza, 1979: 32).

Butler observed no appreciable change in size 
throughout the 1,000 year long sequence (Butler, 
2017: 132, figure 7.12 upper), and she did not pay 
much attention to the possibility of change through 
time of eel capture, but our graph (Figure 12) does 
suggest the possibility that eels were more fa-
voured than other fish earlier in the sequence and 
declined towards the historic period [see also But-
ler (2017: 127, figure 7.9 upper)]. Bones from sea-
eels (Muraenidae) number 59 NISP (c. 3.6%), and 
were clearly less important.

14 The makatea is attributed to a fall in sea level in the late 
Holocene, circa 3400 yres BP (Yonekura, et al., 1988).

Of interest is Butler’s observation that the eels 
caught by the prehistoric people on Mangaia were 
very small specimens. She notes that a modern 
specimen almost 500 mm long had a dentary height 
measurement of 3.1 mm. The mean dentary height 
of the archaeological specimens was less than half 
of this modern specimen at 1.37 mm, and the largest 
dentary height was 2.01 mm. Butler notes that on 
the nearby makatea island of Mitiaro the modern 
eels are of comparable size to those on Mangaia. 
According to Jellyman the species on Mitiaro is An-
guilla obscura. He caught 264 eels from the inland 
lake there. The smallest was 337 mm and the largest 
780 mm, average 538 mm (Jellyman, 1991: 366). 
In our own comparative collection of 99 specimens, 
described above, the smallest dentary height mea-
surement was 3.87 mm, corresponding to a live eel 
measuring 430 mm long. So, the Tangatatau archae-
ological eels are certainly very small indeed.

Butler suggests two possibilities for their small 
size – that the eel population had been depleted by 
earlier occupants on Mangaia, resulting in smaller 
size. Alternatively, that hillside erosion resulting 
from intensive horticulture had reduced the aquat-
ic habitat, preventing eels from reaching their full 
potential size (Butler, 2017: 131, see also Kirch et 
al., 1995: 56). To these can be added another pos-
sibility, that small eels were considered food, but 
large ones were treated as atua by the prehistoric 
Mangaian people.

FIGURE 13
The relative abundance (with standard error bars) of Muraenidae through the stratigraphic sequence at the Tangarutu site, followed by 
the Akatanui site. 
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Tikopia in the Solomon Islands

Another important archaeological find of eels in 
the Pacific was on the island of Tikopia. In this case 
of sea-eels, not freshwater eels. It will be recalled 
from the discussion of myths and oral traditions on 
Tikopia that the idea of eating both kinds of eel was 
considered disgusting, because of a strong associ-
ation of eel with a deity representing the penis. Ar-
chaeological excavations, however, revealed bones 
of marine eels in the early part of the archaeolog-
ical sequence, but not later. Kirch and Yen docu-
ment 133 Muraenidae identifications from of a to-
tal NISP for marine fish bones of 5,788, or 2.3% 
overall (Kirch & Yen, 1982: 286). The provenance 
of these bones is confined to the Sinapu and Tuaka-
mali phases, between 900 BC and before about AD 
1700 (ibid.: 286, 292), and they are certainly not 
present in the more recent provenances. The same 
pattern occurs with the porcupine fish, Diodon 
hystrix, which, like marine eels, modern Tokipians 
refuse to eat. Kirch and Yen provide a compelling 
argument that the strong tapu against eels which 
Firth describes in detail during the historic period 
was not in place in earlier times on Tikopia. Kirch 
and Yen speculate that the tapu may have been 
imposed because of an outbreak of ciguatera poi-
soning on the island, something that can effect a 
number of fish types including morays and porcu-
pine fishes. It is important to note that Kirch and 
Yen consider that the cultural facies they attribute 
as ‘Polynesian’ begins during the Tuakamali phase, 
at a time when eels and porcupine fishes were still 
considered food. The prohibition appears late in 
the Tuakamali phase.

We should note in passing that these archaeo-
logical findings are confined to marine creatures 
(moray eels and porcupine fish), and not fresh-
water eels. There are plenty of freshwater eels on 
Tikopia, but they were not found archaeologically. 
Raymond Firth’s comments about the Tikopian’s 
horror of eels was directed at both freshwater and 
marine eels. The absence of freshwater eels in the 
archaeological sites on Tikopia suggests that the 
people differentiated between marine and freshwa-
ter eels in the past – one was food and the other 
was not.

What is singularly important in this example 
from Tikopia, covering a period of 3,000 years, 
is that food prohibitions and taboos are cultural 
norms that can abruptly change, and, with careful 
analysis, can be documented archaeologically.

Nukuoro and Kapingamarangi in the Caroline 
Islands

The eel remains on these two Polynesian out-
liers deserve additional attention. Kapingamarangi 
is one of the most isolated islands in the Pacific, 
just north of the equator, and Nukuoro is its nearest 
neighbor, 215 km distant.

Although the languages on both islands are 
Polynesian they are rather dissimilar (Leach & 
Ward, 1981: 86). Both have similar time depth of 
human occupation, around 700-1,000 years. Both 
being atolls, there is very limited habitat for fresh-
water eels, although both have significant areas 
devoted to swamp taro, so it is possible Anguilla 
spp. could take up residence in these. The marine 
lagoon on Nukuoro is considerably deeper than on 
Kapingamarangi, but other than that the marine 
environments and fishing opportunities are very 
similar. Archaeological excavations on Nukuoro 
reached a maximum depth of 2.9m, and 4.1m on 
Kapingamarangi. Only one Anguilliforme15 bone 
was found in the excavations on Nukuoro in a total 
fishbone NISP of 1,599 (0.06%). On Kapingama-
rangi, however, 196 Anguilliforme bones from a 
total fishbone NISP of 4,260 (4.6%) were recov-
ered (Table 5). The sites on both islands are very 
similar, coral gravel house floors built up over cen-
turies, as people refurbished their floors with clean 
gravel brought in baskets from surrounding islets 
at low tide.

During historic times, the people on Kapin-
gamarangi specifically targeted marine eels, and 
made elaborate traps for catching them. During his 
research on the island, Peter Buck commented of 
fishing in general “The best for eating is said to be 
the sea eel, and to judge by the number of sea-eel 
traps seen in the canoe sheds, this must be true” 
(Hiroa, 1950: 48). He describes the manufacture 
of these eel traps in considerable detail (ibid.: 255-
256, 265). No such behavior has been observed on 
Nukuoro in the historic period.

Such an enormous difference between two such 
similar islands, so close together, both occupied by 

15 The reason why this high level taxon is used here is that 
identifications of fish remains on these two islands involved dif-
ferent taxonomic levels. The one bone on Nukuro was Anguilla 
sp.; whereas on Kapingamarangi, most bones were from Mu-
raenidae, while two bones belonged to two different unidentified 
Anguilliforme families. 
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Polynesians for a similar length of time, can only 
have one explanation – that the cultural attitude to-
wards eels was totally different between the two is-
lands. It must surely put to rest once and for all that 
the absence of eel bones in archaeological sites in 
areas where they are locally available reflects one 
and only one reason – that the people did not con-
sider eels as food.

The fish remains from Kapingamarangi were 
recovered from four sites, and the stratigraphy in 
each was divided into four periods: Level I 1000–
700 BP, Level II 700–300 BP, Level III 300–100 
BP, and Level IV 100–present (Leach & Ward, 
1981: 52, figure 35). The proportion of eels in each 
period are graphed in Figure 14. In Level I the total 
MNI is only 39, so the standard error is huge and 
not graphed. The average percent of MNI for the 
other three periods is 10.0%. No obvious change 
through time is indicated. Note that in Table 5 
NISP figures are given, and the overall percent of 
eels by this method is 4.6%.

SPECIFIC NEW ZEALAND SITES

Turning now to a final few New Zealand archae-
ological examples relating to eels – Fox and Cas-
sels reported an MNI of one freshwater eel from 
their excavation at the Aotea site, Waikato, along-

side 10 snapper (Fox & Cassels 1983: 102). The 
site dates to about 400 B.P.

Pricket comments about his excavation at Raupa 
in the Firth of Thames: “In the midst of a very large 
area of swamp and waterways eel was almost cer-
tainly of importance, as would have been snapper 
and other fish of the Hauraki Gulf (Prickett, 1990: 
145). Unfortunately, the excavation produced rath-
er few remains of fish, but there was one possible 
identification of eel in Area V (ibid.). This site is 
late pre-European in age, and it is a great pity that 
more fish remains were not recovered to shed light 
on the relative abundance of eel remains.

One archaeological site where eel bones could 
be expected to have been abundant is the swamp pa 
called Kohika, in the Bay of Plenty, occupied be-
tween AD 1610 and 1810 [95% confidence limits, 
see Irwin & Jones (2004: 80)]. As Irwin points out:

“Though finds of eel bones in New Zealand sites 
are rare, it might have been expected that Kohika, su-
rrounded by streams and lakes, would produce some. 
This has proved not to be the case, however, and close 
examination of the material reveals no trace of their 
very distinctive bones. Clearly, eels were available lo-
cally and survival conditions for their bones were ex-
cellent had they been eaten and their bones disposed 
of in the same way as other fish” (Irwin, 2004: 206).

Like Kohika, another site where eel bones 
would be expected to be present in large number 

FIGURE 14
Relative abundance of marine eels on Kapingamarangi (MNI) arranged in chronological periods. Level I is c. 1000 BP, and Level IV is 
historic period. The standard errors are also shown.
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considering its location on a sandy knoll amongst 
a series of swamps and lagoons is the site of Fox-
ton. The site contained considerable evidence of 
moa-hunting, and was occupied for a long period. 
Of the 5,504 fish bones identified only 66 were of 
freshwater eel, occurring in both early and late con-
texts (Davidson et al., 2000: 79, 81). Clearly, eels 
contributed only a tiny fraction of fish caught and 
eaten by the people at Foxton (1.2%), and therefore 
cannot be considered a major target species as was 
observed among a number of 19th century Māori 
communities nearby (Curtis, 1964).

One archaeological site which seemed likely 
to contain abundant eel remains was a midden in 
the close vicinity of a fortified Pā site at Parewanui 
where there are artificial eel channels in the sur-
rounding swampy lands. The Pā is known to have 
been occupied in the early 19th century. The eel 
channels are similar to those seen on the Horow-
henua flood plane and Manawatu river, described 
in the early 1900s (Cassels et al., 1988: 110). His-
torical records in the 1940s of Māori communi-
ties living at Parewanui attest to dried eels being 
prominent (ibid.: 111). The midden was therefore 
expected to have eel bones in it, and indeed it did. 
It was radiocarbon dated to <250 years (ibid.: 120). 
Although only a small sample with a total MNI of 
54 across 5 taxa, eel contributed 29 individuals, 
representing 53.7% of the catch (NB: eel NISP = 
55, of total NISP of 211 = 26.1%). The authors of 
the publication reported that the eel bones were:

“all from small specimens. This contrasts with what 
might be expected from nineteenth century Maori 
eeling practice as it is generally understood. This in-
volves the mass seaward migration of adult eels for 
spawning and suggests that there is no functional re-
lationship between the midden and the eel-trapping 
channels” (Cassells et al., 1988: 123).

They further comment as follows:

“the remains are probably those of young elvers 
migrating into the lakes and swamps rather than 
mature eels taken during their migration to the sea. 
The latter were the focus of eel fishing according to 
historical records. The possibility that large scale eel 
fishing was a development of the contact period is not 
ruled out by the results of this excavation” (ibid. 125).

There is a minor confusion here. The juvenile 
transparent forms, known as glass eels, return from 
breeding grounds in the sea. When they migrate 
into freshwater they turn black, and are then known 

as elvers (5-7 cm long), and travel upstream. It is 
adults that are found in swamps. Moreover, no de-
tails are provided by the authors as to what they 
mean by ‘small specimens’. As will be seen below 
the eels in this site, while not enormous, were not 
very small at all.

TIME-TREND ANALYSIS OF EELS IN NEW 
ZEALAND

In an earlier study of fish remains in New Zea-
land and the Chatham Islands, an attempt was made 
to pool data on fish remains into three periods, to 
see if time-trends could be observed in fish catches 
(Leach, 2006: 189-191). This earlier study strongly 
confirmed the conclusions which have been arrived 
at in this present paper – that pre-European Māori 
caught very few eels until after Europeans arrived 
(see Table 8). In a short chronology of only c.1,000 
years, this time-trend study is not without prob-
lems, and details can be disputed. In addition, such 
a study ignores the fact that far more sites have no 
eel bones, in spite of the fact that eels are close 
at hand in almost all environments. The absence 
of eel bones is also evidence that they were being 
ignored by people.

EEL LIVE LENGTH ESTIMATES FROM 
SPECIFIC SITES

Measurements were taken from as many bones 
as possible from archaeological collections from 
New Zealand sites known as Foxton, Parewanui, 
Waihora, Wakapatu, and Washpool; and from Cha-
tham Islands sites known as Kahiti north, Kahiti 
south, and Waihora. Rather than illustrate these 
catches as simple histograms it was decided to pres-
ent the length data cumulative graphs, or sigmoid 
curves. This makes it possible to see at a glance 
the cumulative contribution of different sized fish 
to the overall catch (Figure 15). For example, At 
Parewanui, 75% of the eel catch were less than 540 
mm long. Such curves provide a simple snapshot 
of the catch composition.

The sigmoid curves for these sites are quite 
similar in the case of Parewanui, Kahiti South, and 
Waihora, but the catches at the Washpool and Fox-
ton stand out from these three (Figure 15). Most 
of the catch at the Washpool were very small eels, 
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while at Foxton they were much larger eels. The 
Foxton curve has a long tail to the right; with the 
largest eel estimated as 1320 mm in length. Only 
Foxton has eels greater than 677 mm live length 
(eight specimens). As will be seen from Figure 15, 
75% of the eel catch was less than 450 mm long 
at the Washpool site, 540 mm long at both Pare-
wanui and Waihora, 570 mm at Kahiti south, and 
590 mm at Foxton. These are considerably dif-
ferent catch compositions and presumably reflect 
local availability and whether catches were during 

eel migration behaviour. There are no swamps in 
the vicinity of the Washpool, so larger eels may not 
be so abundant. The opposite is the case at Foxton, 
where there are large areas of swampy ground. Par-
ewanui has a similar environment to Foxton so it is 
surprising that so few large eels were caught. The 
two sites at Kahiti are both on sand dunes which 
are backed by swampy land, so larger eels would 
be present there. Waihora is somewhat unusual, 
displaying similar catch characteristics to Kahi-
ti South, but the Waihora site is close to a rocky 

Eel MNI Total MNI % ± SE% Archaeological Site

Protohistoric Period (eels present in 1 of 8 sites)

29 54 53.7 ± 14.5 Parewanui Midden, Bulls, Manawatu

Simple Mean 53.7 ± 14.5

Late Prehistoric (eels present in 10 of 63 sites)

1 5 20.0 ± 53.8 Northland Harbour Board, Whangarei

24 159 15.1 ± 5.9 Kahiti South, Hansons Bay, Chatham Is

6 95 6.3 ± 5.5 Kahiti North, Hansons Bay, Chatham Is

1 17 5.9 ± 14.9 Ohinemamao, Petre Bay, Chatham Is

1 25 4.0 ± 10.1 Raupa N53/37, T13/13, Hauraki Plains

1 35 2.9 ± 7.1 Aotea N64/25, North Island west coast

14 4197 0.33 ± 0.19 Waihora, Chatham Islands

2 1206 0.17 ± 0.27 Mana Island North Settlement R26/141

1 884 0.11 ± 0.28 CHA, Chatham Islands

4 4978 0.08 ± 0.09 CHB, Chatham Islands

Simple Mean 5.5

Weighted Mean 0.47 ± 0.13

Early Prehistoric (eels present in 9 or 55 sites)

1 14 7.1 ± 18.2 Riverton, Southland

37 771 4.8 ± 1.6 Washpool Site, Palliser Bay

3 278 1.1 ± 1.4 Hot Water Beach, Coromandel

1 94 1.1 ± 2.6 Wakapatu, Western Southland

1 401 0.25 ± 0.61 Sunde Site soft shore midden, Motutapu

1 585 0.17 ± 0.42 Rotokura, Tasman Bay

1 584 0.17 ± 0.42 Sunde Site Oyster lens, Motutapu

1 2134 0.05 ± 0.12 Shag River Mouth, Otago

1 2425 0.04 ± 0.10 Houhora, Northland

Simple Mean 1.6

Weighted Mean 0.65 ± 0.19

TABLE 8
Time Trends in the presence of eel bones in New Zealand and Chatham Islands archaeological sites, after Leach (2006: 189). The wei-
ghted mean takes into account different sample sizes (Snedecor & Cochran, 1967: 521), and the standard error of proportion is described 
by Snedecor & Cochran (ibid.: 210). 
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shore environment with no swamplands in the 
near vicinity, although there are streams running 
into the interior of the island. A few measurements 
are available on eel bones from two more sites: 
Wakapatu (N=2) and Kahiti North (N=7). These 
yield live length ranges of 527-684 mm, and 447-
542 mm respectively. There is no sign of large eels 
in these sites.

These eel catches for which we have been able 
to make estimates of live length are pitifully small 
samples. With the possible exception of Pare-
wanui, none could be considered as representative 
of the massive eel harvests so vividly described in 
19th century ethnographic literature of Māori com-
munities. We have no doubt that excavations in the 
future of 19th century villages in areas where these 
mass harvests were made will reveal substantial 
deposits of eel bones, including of large females. 
However, the foregoing has shown that eels were 
only rarely caught by pre-European Māori. Of the 
80 archaeological sites reviewed from New Zea-
land and nearby Chatham Islands, only 226 eel 
bones were identified of a total NISP of 143,306 
(0.19%).

A single site at Parewanui stand out above all 
others as having enough eel bones to suggest that 

eels were an important food for the people who 
lived there. The site was close to landscape fea-
tures interpreted as eel channels, precisely for har-
vesting eels, described in the historic period. It is 
very difficult to come to any other conclusion than 
that mass eel harvests in New Zealand only began 
either very late in the prehistoric period or after Eu-
ropean contact. 

SUMMARY OBSERVATIONS ON EELS IN 
ARCHAEOLOGICAL SITES FROM THE 
PACIFIC AND NEW ZEALAND

The foregoing analyses have shown that with 
very few (but notable) exceptions, eel bones are in-
frequently found in archaeological sites in the Pa-
cific and New Zealand. The numerical abundance 
data are summarised in Table 9. The total number 
of fish bones identified in this review is 188,351 
from 144 sites. Only 1,151 eel bones were identi-
fied in these sites, 0.61% overall.

In the tropical Pacific, eels, mainly marine spe-
cies, account for about 1.1% of fish catches, com-
pared with only 0.5% in New Zealand. However, 

FIGURE 15
Sigmoid curve of eel catches for four New Zealand sites, to illustrate the size of eels that form 75% of the fish caught. Washpool green, 
Parewanui red, Katiti South cyan, Waihora brown, and Foxton blue.
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such overall averages can be very misleading. In 
the Pacific 89% of all eel bones come from only 
nine of the 64 sites. This variation does not reflect 
variable natural local abundance, but deep rooted 
cultural beliefs about what is and what is not ac-
ceptable as food.

Two atolls in the Caroline islands with basically 
the same climate and soil conditions and length of 
human occupation present contrasting fish catch-
es in the archaeological sites. The sites on Kap-
ingamarangi have abundant marine eel remains 
throughout the time sequence; whereas those on 
Nukuoro have none. Surprisingly, sites on both is-
lands have one or two freshwater eels in them (Ta-
ble 5). Ethnographic records in the historic period 
confirm the importance of eels to the people on 
Kapingamarangi. The idea that eel bones are rare 
in archaeological sites because they decay easily 
from the high fat content is therefore rejected by 
the analysis presented here.

Another Polynesian outlier, Tikopia, in the Sol-
omon Islands, presents an intriguing possibility 
that eels were once considered food, but that in the 
course of time a prohibition emerged. Moray eel 
bones are common from 900 BC to AD 1700, but 
are absent in later layers in the historic period. His-
toric ethnographic records show that both freshwa-
ter and marine eels are considered disgusting to eat. 
Although freshwater eels occur on the island, none 
were found in the archaeological sites.

At the Tangatatau site on Mangaia in the Cook 
Islands the opposite picture emerges – marine eels 
are rare, and freshwater eels are common. There is 
a hint from the abundance figures through time that 
eels were much more common in the earliest part 
of the sequence and declined to low levels there-
after, following a similar pattern to Tikopia. Eth-
nographic records on this island, once again, show 
that eating eels was considered disgusting. Obser-
vations of the bone size of the archaeological eels 
suggest that only tiny eels were caught and eaten in 
the past, even though much larger eels are present 

on more than one island in the Cook Islands. The 
absence of large eels in the site raises the possibil-
ity that they were considered different in the folk 
taxonomy relating to eels.

Analysis of a sample of 169 eel bones from ar-
chaeological sites in New Zealand and the Chatham 
Islands revealed that almost all fish were less than 
600 mm live fish size. This suggests that the bulk of 
fish caught were probably Anguilla australis. The 
larger species, A. dieffenbachii, is the last to migrate 
from the upper waterways in New Zealand to the 
sea, when they then travel to the south Fiji basin 
for breeding. The mass harvesting of eels that was 
observed among many Māori communities living 
close to the sea would certainly have these large fish 
in their catch. The dearth of them in the archaeolog-
ical record suggests that none of the 80 sites inves-
tigated were involved in such mass harvesting. The 
low numbers of eel bones in all these sites supports 
the same conclusion. Smaller numbers of A. dief-
fenbachii are certainly found in lakes and swampy 
areas close to the sea, and could have been caught at 
times other than during mass migrations. The rarity 
of large eels in New Zealand sites is in concert with 
the finds at Tangatatau on Mangaia.

Three archaeological sites that are situated in 
environments which have abundant eels available 
year-round, all had careful attention paid to fish 
remains, and produced contrasting results. At the 
Foxton site, eels contributed only 1.2% ± 0.3 of the 
fish catch. Most of them are from the early part of 
the site, circa 700 years BP. For the people living 
at this site, eels were a trivial component of diet. 
Parewanui is an early historic period site, and eels 
contributed 26.1% ± 6.2 of the fish catch. The site 
is close to artificial water channels thought to be 
for harvesting eels. This site is consistent with eth-
nographic reports of mass harvesting of eels. Final-
ly, the Kohika site, occupied between AD 1610 and 
1810, has no eel bones at all, and could well be an 
example of food avoidance behaviour, eels being 
prohibited. These three sites display characteris-

No Sites
Without

Sub-Total
NISP

No Sites
With

Sub-Total
NISP

Eel
NISP

Total
NISP

Eel
Percent

Pacific 37 6,630 27 38,415 509 45,045 1.13%

New Zealand 42 47,528 29 37,190 381 84,718 0.45%

Chatham Is 4 3,837 5 54,751 261 58,588 0.45%

Totals 83 57,995 61 130,356 1,151 188,351 0.61%

TABLE 9
Summary presence and absence of eel bones in Pacific and New Zealand archaeological sites.
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tics which are in concert with historic observations 
about the variable role of eels in Māori culture, 
cited earlier. On one hand we have Polach’s obser-
vation that eels were tapu and could not be eaten 
by people living in the vicinity of Tauranga in the 
1830s, and Brunner’s observation of a cleansing 
ceremony to lift the tapu on eels so they could be 
eaten by Māori along the West Coast of the South 
Island during an episode of starvation. On the other 
hand, we have many records of mass harvesting of 
eels for food among Māori resident in three ma-
jor river systems in the North Island: Wanganui, 
Manawatu and Ruamahanga. 

CONCLUSIONS

Marine eels are ubiquitous throughout the Pacif-
ic region, and freshwater eels are found in islands 
large enough to have abundant sources of freshwa-
ter. Contrary to expectation, both marine and fresh-
water eels are surprisingly rare in archaeological 
sites in the Pacific and New Zealand, considering 
their natural abundance and ease of capture, al-
though there are some notable exceptions. This is 
something that has also been observed in European 
archaeology, and has commonly been attributed to 
taphonomic effects, or that the bones are small and 
difficult to identify, or that they break down in soil 
by autolysis because they are rich in oil. In this pa-
per we show that each of these reasons is false. The 
mere fact that in some modern societies, where eels 
are considered desirable as food and abundant eel 
bones are found in their ancestral archaeological 
sites, repudiates most of these suggestions.

Eels are very easy to catch and provide a rich 
source of protein and fat. The amount of fat in-
creases with age of animal and typically an eel can 
provide 74, 105, and 179 kcal/100g for protein, 
oil, and total respectively. This represents nearly 
59% caloric energy from fat. Humans require more 
than 70% of their caloric energy from non protein 
sources, either from carbohydrate or fat. For societ-
ies where carbohydrate foods are in limited supply, 
eels can provide the difference between survival 
and starvation. Finding this nutritional balance is 
not a problem in tropical and sub-tropical Pacific 
communities, because carbohydrate rich foods are 
easily cultivated.

New Zealand ranges from subtropical in the 
north to subantarctic in the south. Tropical tubers 

introduced from the Pacific in prehistoric times 
formed the basis of a secure carbohydrate econ-
omy in the north, but was progressively less fa-
vourable for successful gardening southwards. In 
the far south, the economy was firmly hunter-gath-
erer in character, with sources of fat assuming far 
greater importance in the diet than in the north. 
Maintaining a horticultural economy in the inter-
mediate area, between 40°-43°S was very difficult, 
and major river valleys in the central area, where 
tubers could not be grown and stored, prohibited 
permanent settlements being established. During 
the 19th century, following colonisation by Europe-
ans, there are many records of Māori in this central 
region taking part in mass harvesting of freshwater 
eels with their abundant fat reserves. Prehistoric 
archaeological sites in the same region have very 
few eel bones. 

We review aspects of the cranial osteology of 
eels, and the most commonly found bones in ar-
chaeological sites. Allometric analysis was carried 
out to establish equations for estimating live length 
and weight from bone measurements. A total of 
1,151 eel bones have been found among 188,351 
fish bones from 144 archaeological sites in the 
Pacific (64), New Zealand (71), and the Chatham 
Islands (9), representing an overall abundance of 
just 0.61%. Of these, only 383 bones were from 
freshwater eels (0.2%). We were able to take mea-
surements on 169 of these 383 bones and use the 
allometric equations to estimate live length and 
weight. The analysis showed that the most abun-
dant eels were in the range of 430 to 500 mm 
length, with only 5 greater than 800 mm. There are 
vivid ethnographic descriptions of mass harvesting 
by 19th century Māori, describing the migration of 
eels to the sea. The second variety to arrive, called 
riko, were from 900-1200 mm long, followed by 
the kokopu tuna, about 1800 mm long. Only two 
archaeological eel bones belong to eels over 900 
mm. 

Three of the 144 tropical Pacific sites are of 
special interest: The people on Kapingamarangi 
atoll in the historic period made special traps to 
catch marine eels, and during the prehistoric period 
marine eels were about 10% of all fish caught. A 
site known as Tangatatau, on the island of Manga-
ia, had significant freshwater eels in the deposits, 
averaging 5-10% of the catch. Finally, on Tikopia 
marine eel bones are about 2.3% of fish caught, but 
are only found from about 900 BC to AD 1700. 
In the historic period, both marine and freshwater 
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eels were considered disgusting to eat. This one ex-
ample shows that social attitudes towards eels can 
change over time in any one society.

In the tropical Pacific, eels represented the in-
carnation of a male deity, symbolising the penis, 
and the personified eel tempts and defiles a woman 
sexually. A male, often an heroic ancestral figure, 
punishes the eel by cutting him up into pieces. We 
found that there is often a strong association of eels 
with danger, and that the eel is either venerated 
or feared, and is certainly not considered food. In 
some Pacific societies, the arrival of Europeans re-
sulted in the lifting of the tapu of eels as food.

We argue that the Polynesians who settled New 
Zealand from the tropical Pacific brought with 
them a fear and loathing of eels embedded in their 
mythology and oral history, and this is the reason 
for the dearth of eel bones in archaeological sites – 
that is, the people who settled New Zealand came 
from a part of the Pacific where eels were consid-
ered tapu, and not eaten. We document two exam-
ples in 19th century ethnographic records where 
Māori considered eels to be tapu, and in one case 
of starvation, could only be eaten after an elaborate 
tapu removal ceremony. In short, the transition of 
eels from sacred to profane, from tapu to noa, took 
place during the tumult of the clash of cultures in 
the post-European era. Such a dramatic change had 
several unanticipated advantages – the fat reserves 
that eels possess made it possible for major river 
valleys in the central area to be populated with per-
manent settlements for the first time. These proto-
historic communities also benefited from the intro-
duction of potato and feral pigs.
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APPENDIX 1: ADDITIONAL 
ETHNOGRAPHIC RECORDS RELATING TO 
EELS

The following extracts are listed in alphabetical 
order by island name.

Hawaii: Titcomb (1982) has many useful ob-
servations about the role of eels (puhi) in Hawaiian 
society. “Salt water eels were eaten, but freshwater 
eels were used ceremonially only. Of details of this 
use there is no available record” (Titcomb, 1982: 
124). 

Kapingamarangi and Nukuoro: The Samoan 
story about Sina and the eel is not present on Ka-
pingamarangi or Nukuoro. However, Sina or Hina 
is a common female name in many parts of Poly-
nesia, celebrated in myths and stories, including 
Kapingamarangi (Elbert, 1949: 243). As Fischer 
has shown, Hina is also cognate with the Nukuoro 
story of Sinonukataha (Fischer, 1958: 12). Since 
freshwater eels are not present on atolls, it is not 
surprising that the Samoan eel myth is absent on 
these two atolls. The myth could not be applied to 
seawater eels, because, unlike freshwater eels, they 
are dangerous to humans, and not personified as a 
penis. It is interesting that the common Polynesian 
names of pusi for saltwater eels and tuna for fresh-
water eels, are not found on either of these atolls. 
Carroll provides the word labodo, meaning snake, 
also eel, water snake, etc. for Nukuoro (Carroll, 
1965: 470). This cognates with labodu for ma-
rine eels on Kapingamarangi, and perhaps laboto 
among the Raluana people (Tolai or Kuanua lan-
guage) of New Britain (Brown, 1981: 98). On this 
issue Ross Clark reports as follows: “the labodo/u 
word came up in my 1994 paper on language con-
tact at the Polynesian Outliers [Clark, 1994: 122]. 
I found Woleaian labut(o) ‘snake, worm, eel’ and 
Ponapean lapwed ‘salt water eel (generic)’. Bender 
et al. give a Proto Central Micronesian *lapw(ou)
so ‘moray eel’, with several more cognates [Bend-



 FRESHWATER AND MARINE EELS IN THE PACIFIC AND NEW ZEALAND 49

Archaeofauna 31 (2022): 11-56

er et al., 2003]. Going back further, Ross, Pawley 
& Osmond have Proto-Oceanic *[la]bwa(s,j)i ‘mo-
ray eel’ [Ross et al., 2011: 44]. This means that the 
NKO word, though clearly borrowed from a Mi-
cronesian source, may be a distant cognate of Poly-
nesian *pusi. In that paper I found that NKO and 
KAP were among those Outliers least linguistical-
ly influenced by their non-Polynesian neighbours” 
(Clark to BFL pers. comm. 2020).

Kosrae: Rochers (citing Sarfert, 1919) com-
ments: “Although eel [semis is the Kosrae name 
referring to salt water eel] is presently a fairly 
common food in Kosrae, it was once considered 
tabu and not eaten. Formerly, it was believed that 
if one killed an eel it would come and sleep with 
the person and cause illness and eventually death” 
(Rochers, 1992: 16). 

Mangaia: “When Te-aio was killed, his blood 
flowed into a stream and was drunk by an eel. The 
spirit of Te-aio entered the eel, which after Te-aio 
was deified, became his incarnation. The eel went 
out to sea, came in contact with a shark, and the 
spirit of Ta-aio passed over the shark. The shark 
also became an incarnation. This is the mechanism 
followed in New Zealand, where any fish, bird, or 
animal which touches or drinks the blood of an an-
cestor may become the incarnation of that deified 
ancestor” (Hiroa, 1934: 171).

New Zealand: Discussed in the main text.

Ponape: “There is one species of fish univer-
sally held sacred by the islanders, a species of eel, 
inhabiting the fresh water… to our enquiries why 
this fish enjoyed such a peculiar and universal ex-
emption, the only answer had been Majorhowi!” 
(O’Connell, 1972: 137). In a footnote there is refer-
ence to the logbook of a Sydney vessel, The Gypsy, 
at Ponape in 1841, which states “the river eels are 
worshipped by the natives, and in such veneration 
are they held, that should they be caught and cooked 
on board ship and the natives got knowledge of it, 
every soul would directly abandon her with the 
greatest abhorrence. The taboo against consuming 
the fresh water eel persists today.” (ibid.: 138).

Taumako: This is a Polynesian outlier in the 
outer eastern Solomon Islands, close to Tikopia. 

Freshwater eels are found in the inland swampy 
areas of river valleys. They are referred to as te 
atu, which is an abbreviation of te atua (Leach & 
Davidson, 1978: 47). Atua is a Polynesian word re-
ferring to a deity or supernatural being. In spite of 
this, the Taumako people today consider both mo-
ray eels and freshwater eels to be good food (ibid.: 
65, 67).

Tikopia: “Most marked among taxa in this 
field [totemism] were eels. All kinds of eels have 
been looked upon by Tikopia both traditionally 
and in modern times as very unpleasant creatures, 
and normally no Tikopian would eat an eel. Tra-
ditionally such an attitude could be related to the 
mythical origin of eels from the phallus of a primal 
deity, but whether this is now current or not, even 
the sight of an eel may bring a strong demonstra-
tion of repugnance. Two types, the eel of the lake 
(Anguilla sp.), and the grey-brown reef eel (Gym-
nothorax sp.) continue to be regarded as especially 
repulsive creatures in themselves, and as atua, to 
be symbolic of spirit powers embodying a great 
deal of evil, representing male lust and responsible 
for bodily affliction of the digestive organs” (Firth, 
1981: 222). 

Firth provides further details on this notion “in-
cluding an origin myth in which the various types 
of eels were created by successive truncations of 
the elongated phallus of a generative deity. Linked 
with this was the notion that eels in their spirit form 
were essentially concupiscent; conceived as always 
male, they were therefore very dangerous to wom-
en. More generally, the eel gods were conceived as 
suspicious, jealous, personifications of punishment 
for offenders” (Firth, 1967: 556).

“In 1973 I was told (rather unwillingly) that 
a few Tikopia in the new colonies had even eat-
en eels, putting them in soup, in a new food style 
and in breach of custom. This was strongly disap-
proved by many Tikopia, who were still afraid of 
eels. I have now learned from Judith Macdonald, 
recently returned (1980) from a very fruitful re-
search expedition to Tikopia, that she found in the 
island community the same expressions of disgust 
and fear about eels, and saw the same behaviour, as 
I recorded” (Firth, 1967: 219, footnote).

Trobriand Islands: Malinowski describes 
the legend of Inuvayla’u thus: “In the village of 
Kwabulo there lived Inuvayla’u the head of his 
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clan, the Lukuba clan; the head of his village. He 
copulated with the wives of his younger brothers, 
of his maternal nephews.

When the men went out fishing, he would stand 
outside a house, and make a hole in the thatch; he 
then thrust his penis through the thatch and forni-
cated. His penis was very long; his penis was like a 
long snake. He would go into the garden when the 
women made koumwala (clearing the ground from 
debris preparatory to planting); or when they pwa-
kova (weeded the ground). He would stand right 
away behind the fence, he stood in the uncut bush 
and his penis wriggled on the ground like a snake. 
The penis crept along all the way. The penis would 
approach a woman from behind as she was bending 
down to her task. It would strike her hard till she 
fell, and on all fours she would be fornicated with 
as the penis entered the vulva.

Or when women went to bathe in the lagoon, the 
penis would go under the water like an eel and en-
ter the vulva. Or when they went to collect shells, 
as women do on the western shore (pl. 80), wading 
and feeling for them with the toes in the mud of 
the lagoon, Inuvayla’u would fornicate with them. 
When the women went to the water-hole, he would 
smash their coco-nut shell bottles and fornicate 
with them. The men were then very angry for they 
had no water to drink. They would abuse the wom-
en. The women would be too ashamed to speak, 
for their bottles had been broken. One day the men 
ordered, telling their wives: ‘Cook fish, cook taytu, 
make pudding of taro, so that our revered old man 
eats his fill.’ ‘No’, answered the women, ‘we shall 
not do it; this man does wrong by us; when you go 
to fish, and we remain in the village, when we work 
in the garden, by the water-hole, in the lagoon, he 
does violence to us’.

Then the men watched him. They said they were 
going to fish. They hid in the weyka (the thick scrub 
surrounding the village), they saw: Inuvayla’u 
stood outside a hut, he made a hole in the thatch; his 
penis sneaked on the ground, it crept through the 
hole, it came in: he wronged the wife of his young-
er brother. The men went to the garden… (here the 
various conditions under which the hero plays his 
foul pranks on the women are again enumerated, in 
almost exactly the same words as before).

When his younger brothers, his maternal neph-
ews, saw this, they grew very angry. Next morning 
they ducked him; they ducked him in the head pool 
of the tidal creek, which comes up to the village of 
Kwabulo (pl. 81).

He came out of the water. He returned to his 
house, his mind was full of shame and of sorrow. 
He spoke to his mother Lidoya: ‘Bake some taytu 
and fish. Bake it in the ground. Pack all our belong-
ings and the food in your big basket; lift it and put 
it on your head; we shall go, we shall leave this 
place’.

When all was ready, he came out of his house, 
which stood on the baku (central place of the vil-
lage). He wailed aloud, facing the baku. He took 
his kema (axe), he cut at his penis. First he wailed 
and wailed over it, holding it in his hands. Then he 
cut off the point of his penis ; it came off on the 
baku in front of his house ; it was turned into stone. 
The stone is still there, on the baku of Kwabulo in 
front of the headman’s house. He cried and wailed 
and went on. He stood outside the outer ring of 
houses, he looked back, he took his penis and wept 
over it. He struck again with his axe. The second 
bit fell off and was turned into stone. It can be seen 
still outside the village in Kwabulo. He cried and 
wailed and went on. Half-way between the vil-
lage and the tidal pool of the creek he stopped. He 
looked back towards the houses. He took his penis 
into the palms of his hands, he wept over it and cut 
off another bit. It turned into stone, and can be seen 
there not far from Kwabulo. He came to the ca-
noes ; he looked back towards the village, he wept 
over his genitals. He took the axe and cut off the 
remaining stump of his penis. It was turned into 
stone, and it lies now near where the Kwabulo men 
moor their canoes. He entered his canoe and punt-
ed along. Half-way down the creek he wept once 
more. He gripped his axe and cut off his testicles. 
Large white coral boulders (vatu) lie in the creek. 
They are the token : they show where Inuvayla’u 
cut off his testicles” (Malinowski, 1932: 348-350.

Tubuai: “Eels (puhi) although abundant in fresh 
water, are not eaten, and the salt-water eel, which 
attains considerable size, is regarded as poisonous” 
(Aitken, 1971: 37).

Tuamotu Islands: “The moray eel harvest was 
quite important on ‘Anaa because in addition to the 
food it supplied, congers’ jaws (niho kamia) were 
used as the part of warriors’ attire designed to shred 
the skin of their adversaries during combat... or as 
a kind of saw called kamia or oreore” (Torrente, 
2015: 19). Emory provided illustrations of these 
unusual toothed knives (Emory, 1975: 133).
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