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INTRODUCT TON

Aguaculture refers to the cultivation of aquatic life forms
to serve the food needs of man. In a broad sense, aquaculture
includes the harvest of marine animals, fish and vegetable forms
in the sea, along the shore and in bodies of water in the interior
of land. In a siricter sense, aquaculture entails the holding
and raising of aquatic foods.

Practically every culture in the world has practiced aqua-
culture in some degree. Ancient Egyptians, Mesopotamians and
Assyrians stocked artificial ponds with fish; Greeks and Romans
raised oysters, and Romans raised eels. Early Germans bred
freshwater fish in ponds. Carp culture spread from Asia Minor
and by A.D. 700 was established in Europe. Taiwan, India,
Pakistan and Thailand walled off large tidal and estuarine areas
for fish culture. Javan raised oysters and seaweeds. Large
vields in aquaculture came from the Philippines and Indonesia.
New Guineans travped fish in baskets; Australians in stone weirs.
Travs were prevalent in Melanesia and Micronesia. Polynesians
in the Tuamoto, Society, Austral, Cook, and Samoan Island groups,
in New Zealand and in the Polynesian Outliers entrapped fish by
various methods and a few areas had ponds. It should be noted
that the trapping or catching of fish and marine life forms which
mature under free natural conditions is not true aguaculture.

Hawai'i had intense true aquaculture. As far as is known,

fishponds existed nowhere else in the Pacific in types and



numbers as in prehistoric Hawai'i. Only in the Hawaiian Islands
was there an intensive effort to utilize practically every body
of water, from the seashore to the upland forests, as a source
of food, either agriculturally or aquaculturally. Fish,
crustaceans, shellfish, and seaweed were some of the products of
the totally indigenous aquacultual system. Ancient Hawai'i's
broad aquatic food production system included traps, dams, weirs
and other structures designed to catch mature fish as well as
structures and practices of true agquaculture.

Hawaiian aquacultural structures were found throughout the
islands and included numerous man-made and natural enclosures of
water in which fish and other products were raised and harvested.
By the end of the 18th century, more than 300 fishponds were
conspicuously owned by the high chiefs. Accessibility to these
ponds and their products was limited to the elite minority of
the native population -- the chiefs and priests. Prehistoric
ponds and pond products appear to have been taboo to the vast
majority of Hawaiians and to have yielded them no direct benefit.
However, indirect public benefit came from ownership by the
chiefs of exclusive food sources. Royal fishponds and their
terrestrial equivalents, the royal gardens (gglg;g), insured
less demand on the commoners' food production resources. Every
fish taken from a royal fishpond left its counterpart in natural
habitat available to lesser chiefs and commoners. Ownership of
one or more fishponds was one of the ultimate, high-status

symbols in the status-conscious Hawaiian culture.




Prehistoric fishtraps, on the other hand, avparently were

‘not as important economically since they were less reliable

sources of protein., Fishtrap harvest was dependent on the tides,
and fishtraps appear to have been of less religious and political
significance than fishponds. This is evidenced by the accessi-
bility of fishtraps to commoners as well as to women. While
fishtraps were not included in this study they are artifacts of
the overall aguacultural practices ca., 1800. Several fishtraps,
nonetheless,'are identified in Avppendix B as having retained
high structural integrity. Moloka'i and Lana'i Islands had
massive fishtraps as well as fishponds.

The purpose of this study is to identify for public and
private inter@sts those surviving Hawaiian fishpond remnants
worthy of preservation as part of the cultural heritage of the
State of Hawai'i and the United States of America. Highest value
is given in this study to those surviving remains judged to have
deviated least from their conditions when in operation, i.e.
about 1800.

Criteria for this study were developed and evaluation
conducted without consideration for any other values the pond
remnants might have, such as their biological or landscape
features, their use as refuges for endangered species or in
modern scientific aquacultural programs, and their potential for
research in non-Hawaiian style fish farming. Judgement on these
and other non-archeoclogical, non-historical values should be

made by specialists in the appropriate subject fields.



Numerous studies have been carried out on separate fish-
ponds in the Hawaiian Islands, but it was not until 1964 that the
first attempt was made to synthesize the piecemeal information.

The resultant publication, Hawaiian Fishponds, by Catherine C.

Summers, is a general and useful description of these structures.

In 1973, Hawailan Aguacultural System was completed by William

Kikuchi as his doctoral dissertation at the University of
Arizona; among the problems therein addressed are when and where
the system developed, how it overated, and its function in the
vrehistoric Hawaiian culture. To cover the subject, Kikuchi
included in his study fishtraps, weirs, fish shelters and dams,
as well as fishponds. Among other things, Kikuchi's dissertation
nrovided a long needed inventory of all known aguacultural sites
in Hawai'i. The sites were typed, coded and mapped. It is
Kikuchi's type code and pond numbers that have been followed in
this study. Documentation, discussion, amplification and addi-
tional interpretation of the material in this introduction and in
Chapter I of this study can be found in Kikuchi (1973).

Kikuchi's sources for his inventory included field work on
Kauwa'i, O'ahu and Hawai'li Islands, but were primarily found in
archival and library facilities. ZFarly in 197L, an aerial survey
of the coasts of Ni'ihau, Kawa'i, C'ahu, Moloka'i, Lana'i, Maui
and Hawai'i Islands was made by Apple to locate and photograph
obvious surviving fishponds. This field survey was made by
helicopter through the cooperation of the 1Lth Coast Guard

District, U. S. Coast Guard, U. S. Department of Transportation.



That district's Search and Rescue Branch, Operations Division,
coordinatad the flights with missions of aircraft from the
Barbers Point Coast Guard Air Station.

Fishnonds in the resultant aerial photographs were then
identified from the Kikuchi maps and through reference to the
latest topograrhical quadrangle maps compiled by the U. S.
Geological Survey, U. S. Department of the Interior, and/or tax
mans of the State of Hawai'i. On site insnections were made by
Apple and/or Kikuchi and detailed photograohs were made. Aerial
and ground insvections provided the physical data used in the

evaluation.

Russell A. Apple William K. Kikuchi
Pacific Historian Instructor in Anthropology
National Park Service; Kaua'i Community College

Associate in Hawaiian Culture
Bernice P. Bishov Museum

Frontispviece and Plates by Robert D. Chamberland



CHAPTER I

HAWATTI FISHPONDS CA. 1800

In prehistoric times, Hawaiian aquaculture encompassed the
seven major islands -- Ni'ihau, Kaua'i, O'ahu, Moloka'i, Lana'i,
Maui and Hawai'i. In addition to being widespread, Hawaiian
prehistoric aquaculture's distinctive and unique feature was the
sluice grate (makahd) with its associated sluice. Stationary
and with no moveable varts, the sluice grate was the technological
innovation which probably allowed the prehistoric Hawaiians to
progress from tide-dependent fishtraps to artificial fishponds
wnich could be controlled at all times of the tide.

Hawai'i's total food production system was based on water in
any form available from seacoast to upland forests. Water as
rain, as fog, ponded, flowing, extruded in seeps and springs,
fresh, salt and brackish was used by the Hawaiians for agriculture
and aquaculture. Fresh food, available in quantity at call was
the goal of these systems. Only the ravages of war and natural
disasters grossly interfered with ancient Hawai'i's sophisticated
water-intensive production of food.

For the purvose of this background on ancient Hawaiian
littoral zone (and some inland) fishponds, Hawaiian équaculture

is defined as:



- O N EE R BN B B B B B B B B B B B e |

the indigenous, economic, technological

and political control of natural pools,

ponds, and lakes, and of man-made ponds, |
enclosures, traps, and dams for the

culture and harvest of fish, turtles,

crustaceans, shellfish and seaweed for

food production, generally divorced

from the vagaries of weather and season.

(Kikuchi 1973: 7)

The central interest of this study is the larger fishponds, the
most royal part of ancient Hawai'i's total food production system

and the most structurally massive.

Types of Fishponds and Some Fishtraps

Loko is the general Hawaiian term for any type of pond and
refers to a pool, pond, lake or other enclosed body of water.
Hawaiians recognized five main general types of fishponds and

fishtraps. These are: (I) loko kuapd; (II) loko pu'uone

(or loko hakuone); (III) loko wai; (IV) loko i'a kalo (or loko

lo'i kalo); and (V) loko 'ume'iki. The first three general types,

and perhaps some of the larger and more productive of the fourth

and fifth types, were royal, that is, owned by paramount chiefs.

Royal Types

The three royal types, with significant remnants extant in
1975, were owned exclusively by ruling chiefs and managed by their

caretaker, the kia'i loko, and to perhaps some unknown extent by



the overseer of the adjacent land, the konohiki. Sub-
classifications in Western style are found in the three-page

Plate 1 and are schematically illustrated in Plate 2.

Type I: Loko Kuapi. This is a fishpond whose main

characteristic is a seawall (kuapd, often shorted to pd) as its
artificial enclosing feature and which in most cases contains at

least one sluice grate (makahd).

Type II: Loko Pu'uone. Also called loko haku'one, this is

an isolated shore fishpond usually formed by the development of
a barrier beach building a single, elongated sand ridge (pu'uone

or haku'one) parallel to the coast.

Type ITI: Loko Wai. This is a fishpond located inland from

the shore and whose main characteristic is that it is of fresh water.



i

I Loko Xuana

Plate 1 - Pg. 1 of 3.

A fishpond of littoral water whose side
or sides facing the sea consist of a stone
or coral wall usually cotaining one or
more sluice grates

A loko kunana whose wall is built from a
noint along a relatively straight shore to
another point on the same shore, forming
an arg

A loko kuapd tuilt at a natural curvature
of the shoreline utilizing an islet as
part of the arc of the seawall

A loko kuapd which shares part of its wall
with an adjoining pond

A loko kuana built between two existing
ponds utilizing the walls of both adjoin-
ing ponds as parts of its own wall

A loko kuapa whose wall ccmpletely closes
the nouts of a bay

A loko kusna within a type Ib pond formed
through subdivision bty a secondary wall

-

Tvrology of Royal Hawalizn Fishponds




II loko Pu'uone
Haku'one

IIT Loko Wai

Plate 1 - Pg. 2 of 3.

A loko kuapd similar to a Ia or Ia; pond,
but having no discernible sluice grate

An isolated shore fishpond usually formed
by the development of barrier beaches
building a single, elongated sand ridge
parallel to the coast and containing one
or more ditches and sluice grates

A Jloko pu'uone formed by a lava flow
surrounding it and isolating it from the
sea and having no ditches or sluice grates

A lcko pu'uone formed by a limestone or
beachrock sink and having no ditches or
sluice grates

A loko pu'uone which was entirely exca-
vated by man, which is connected to the
sea by a ditch, and which contains a
sluice grate

An inland fresh water fishpond which is
usually either a natural lake or swamp,
which can contain ditches connected to
a river, stream, or the sea, and which
can contain sluice grates

Typology of Royal Hawaiian Fishponds

10
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Plate 1 - Pg. 3 of 3.

A loko wai whose shape has been altered

by man

A man-altered loko wai which has a dirt
and stone embankment-wall separating it
from a river or stream and which has a
sluice grate(s)

A loko wai which is a voleanic crater

A loko wai which is formed by walling off

a section of a river or stream and which
has sluice grates at both ends

Typology of Royal Hawaiian Fishponds

11
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PLATE no.2 SCHEMATIC DIAGRAM OF

TYPES OF ROYAL HAWAIIAN FISHPONDS




Commoner or Commoner/Royal Types

Commoner aquacultural structures, while owned by ruling
chiefs, can be considered to have been in the domain of the

families, but always under the influence and in the shadow of the

landlord chief and his resident manager, the konohiki. Commoners'

rights to the harvest were never indevendent of the chief's.

Type IV: Loko i'a kalo. Also called loko lo'i kalo, this

is a fishpond which utilized an irrigated taro plot. Fish were
grown in the waters which flowed among earth mounds planted with
taro corms. The pond could be owned exclusively by a high chief

with products exclusively his.

Type V: Loko 'ume'iki., Similar in shape and construction

to Type I loko kuapa, the loko 'ume'iki is a fishtrap character-~

ized by the presence of numerous stone-flanked lanes which led
fish into netting areas with the ebb and flow of the tide. 1In

those loko 'ume'iki assigned to commoners, women were sometimes

permitted to net. Several loko 'ume'iki with high structural

integrity remaining in 1975 are identified in Appendix B.

13



Construction

Materials

All materials used in the fabrication of prehistoric fish-
ponds came from local sources on each island. Not until the
1800's did foreign metal, cement, timber and cordage become
accessible to supplement native materials.

Native materials used in the assembly of fishpond structures
included stone, coral, lithified sand, alluvium, timber and
vegetable materials. Shore and inland areas provided the non-
organic materials, concentrated as a cooled lava flow, or
dispersed as an eroded alluvial plain strewn with rocks and boulders.
Timber and vegetable materials were generally obtained in the
uplands, where rainfall and elevational coolness provided an ideal
environment for the pristine forest.

Culture and political factors dictated the gathering and use
of materials. All materials within any land division (moku,

ahupua'a, or 'ili) /see glossary for definitions/ belonged to a

high chief and were protected and managed by his on-site personal
representative, in the case of the ahupua'a, the konohiki.
Generally, construction in a land division utilized materials from
that land unit. An exception might be when the chief also owned a
nearby land area with more suitable or more abundant materials.
Tapping df natural resources was culturally fixed and tied to the

all-pervasive Hawaiian political-family etiquette patterns.

M

y



Rock. The Hawaiian word pohaku refers to all rocks regard-
less of genesis and applies to any rock, from very large multi-ton
boulders, to tiny waterworn pebbles and detached pieces of coral.
Decomposed rock, or earth (}ggg) can be included in the continuum
of rock types. Hawaiians distinguished in nomenclature among
rocks of recent volcanism (1515: clinker-type flow; pahoehoe:
ropy, molasses-like lava) and the more predominate amorphous
rocks of older geological areas, such as sedimentary, metamorphic
and eroded igneous rocks (pohaku). Rocks of the 'a'g and
pahoehoe types are common on Hawai'i and Maui Islands, and fish-
pond walls on these islands commonly utilized such rocks. Slabs
of pahoehoe were sometimes used as wall facing. Preferred
materials on other islands for general construction of fishponds

appears to have been eroded rocks without sharp angular shapes.

Calcareous Materials. Both living and dead reefs provided
calcareous materials for fishpond wall construction. Dead
branches and lumps of coral were collected from the shoals, beaches
and shore for use as wall fill and to surface wall tops., Walls
of three ponds in the Pearl Harbor area of G'ahu Island were
constructed mainly of slabs of lithified beachrock, which forms
the basic landform of that region. In the Kahuku area of O'ahu,
three ponds utilized large sinkholes in lithified sand. One kind
of living lime-secreting coralline alga (Porites Spp.) may have
been used intentionally by the Hawaiians in some ponds on Moloka'i

Island as cementing agent in the walls,
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Alluvium. Organic mud and muck dredged by hand or calabash
from fishoond bottoms may have been dumped on top of some walls
as part of the intermittant or periodic cleaning process. In
some cases the accumulated mud/muck on top of 'a'd walls formed
a walking surface which protected bare feet from the sharp
project ions which are characteristic of that type of lava rock.
Wall tops were also a convenient place to dispose of unwanted material.
One pond with mudded 'a'd walls is H28, a nameless pond at
Ka'upulehu, in Kona, Hawai'i. A pond with Egggé of rounded boulders
where dried mud/muck forms a walkway is B2, Alekoko, at

Nawiliwili, Kaua'i.

Timber. Listed for use in the construction of sluice grates
in royal fishponds are poles, posts and sticks of the types of
wood that had strong connections with royalty, that is, they were
considered to be sacred and were reserved for use in temple
ceremonies and in the construction of temples and houses of
high chiefs. Timber listed included the hard woods 'ohi'a lehua

(Metrosideros macropus) and lama ( Diospyros), and one soft wood,

'Shi'a 'ai (Eugenia malaccensis).

Vegetable Materials. Known cordage materials used for bind-

ing parts of sluice grates (makahd) include 'ie (Freycinetia

arborea) and specially prepared stems of the hala (Pandanus

odoratissimus). Likely materials for cordage used in sluice grate

assembly include 'aha (coconut sennit) and hau (Hibiscus tiliaceus).
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Features

Seawalls. Construction of fishpond sea (or river) walls,
called kuapd and sometimes pa, appears to be similar to the
mortarless walls found on land. KXuapa divide the sea (or river)
from the inner pond waters and appear to be always massive and
well built in contrast to secondary and tertiary walls found
within the confines of a few ponds, especially some of those
along the Kona coast of Hawai'i Island. Such secondary and
tertiary walls appear to have been for segregation of fish,
probably fry, to protect them from predators within the main
area of the pond.

The widest and most massive (but not the longest) kuapa
known is that of H2l, Kaloko, in Kona, Hawai'i. This 750 foot
(229 meters) long long wall rests directly on an ancient sub-
merged pahoehoe flow. Kaloko's wall measures from 35 to LO feet
(about 11 meters) wide at its base, is 6.5 feet (less than 2
meters) high, and contains an estimated 150,000 cubic feet
(4,248 cubic meters) of stacked rocks. Kikuchi (1973) studied
the lengths of 90 fishpond walls and noted that lengths ran from

150 feet (L6 meters) to 6,300 feet (1,920 meters), with the

highest frequency of lengths being between 1,200 feet (366 meters)

and 2,000 feet (610 meters). Kikuchi calculated that the average
fishpond wall contained 33, 719 cubic feet (955 cubic meters) of
stacked rocks and lithic and coralline fill. Where kuapa are in

good condition, they are not submerged during high tides.
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Water may approach the top of a fishpond wall, but it never passes
over it under normal conditions. This would not apply to high
seas or to tsunamis.

There are certain attributes of fishpond seawalls worthy of

note. They are interstices, flanks and batter.

The basic exterior building blocks of Hawaiian mortarless
masonry, on dry land or partly submerged, were unworked basalt or
coral boulders or rocks. Smaller rocks and coral fragments, in
any combination handy to the stonemason, filled the interior.

An arbitrary distinction between exterior building blocks and
£i11 material is size. A stone larger than one-half human head
size might, if it had a proper facet, be used in the visible
exterior surface, while smaller ones would be used, and hidded,
as £fi1l. Accurulation of interstitial gaps results in a
structure greater in size than the sum of its apparent solid
parts. A surface or cross-section of Hawaiian mortarless masonry
contains much open space {frontispiece, Plate 3). The interstices
make the wall permeable to permit the circulation of tidal water
and currents into and out of pond interiors. Kikuchi's study

of Kaloko's ggggé (H2l) indicates that the interstices serve to
reduce wave energy. Part of the tons of seawater is percolated
into the pond and part is absorbed quickly and passed back into

the sea.
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Well-constructed wall flanks, or sides, last; poorly built
ones deteriorate quickly. This is especially true of mortarless
walls which are mostly submerged and subject to stress and
assault from tidal, wave and curremt energy. While fills could
be made by throwing rocks more or less hit-or-miss into the
void formed by the growing flanks during initial construction or
subsequent repair, and tops could be dressed and concealed by
pebbles or mud, the flanks required journeyman skill in their
assembly or repair, Well built flanks incorporate boulders and
smaller rocks, interlocked to bond the mortarless structure into
a free-standing unit. Prehistoric flanks are believed to have
been one-stone thick. Doubled, or two-stone thick flanks, are
believed to represent a masonry technique introduced by Western

or Asian stonemasons.

One attribute of well-built flanks is that they lean in
against the fill. The inward slopes of the two flanks of a
free-standing wall make the base of the wall broader than its
top. Even a well-built retaining wall, i.e., a wall built
against a bank, has batter on its outer face, and a very good
retaining wall also has it on its inner face. In independent
studies both Apple and Kikuchi have noted that inclination
differences exist between the pond and open-water flanks of
fishpond walls. The seaward face appears to have more slope
than the pond face. The function of the more inclined slope, or

batter, of the seaward face appears to be to permit the seawall

19




to efficiently withstand wave energy and to absorb, per square
foot, more energy than a more vertical batter (such as usually
exists on the opposite face of the same wall where calmer pond
waters 1lap). The combination of interstitial openings and batter

of the seaward face of fishpond walls was a Hawaiian engineering

device of merit.

Sluice grates. Sluice grates (makaha), with their associated

sluices ('auwai o ka mggggé), are the most distinctive and unique
feature of the Hawaiian aquacultural system. The only other known
sluice grate in Oceania existed in the Gilbert Islands of
Micronesia.

In Hawai'i, the sluice grate was stationmary, with no
moveable parts (Plate 3). It should be noted that post-Euopean
sluices have slots on the sides which allow the grates or gates
to be raised or lowered. Also a more recent innovation is a
sluice with double moveable grates which permit the trapping of
fish between the grates for netting at convenience.

As a technological innovation, the prehistoric Hawaiian
fixed grate in the man-made sluice made its fishpond highly
efficient. Tt allowed water to flow in and out, but retained the
fish. The Hawaiian fixed grate provided a filter which aided
controlled circulation. The makahd is the innovation which
probably allowed the prehistoric Hawaiian to proceed from fish-
traps (in which all lanes were open to the sea) and from enclosed

ponds (with no controlled access to the sea or river) to
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artificial estuaries which could be controlled at all times of
the tide. The original concept of the makahd may have been
developed in the agricultural irrigated taro plots, where
rudimentary sluice grates, of smaller scale were used to control
the water flow.

Most makahi have sluices of various lengths which form
runways as wide as the grates themselves. The sluices are
called 'auwai o ka makahd, which can be translated as "ditch of
the sluice grate." Masonry sluices in a kuapd can extend on
either or both sides of a grate.

Sluices were simple excavated canals or ditches with a
base and two walls. In some cases the sluices (lggggi or
tauwai-kai) were partly or completely lined with stone to fore-
stall erosion of the bottom or side walls by water energy. Any
makaha were installed in such stone walls, but they could also be
fixed in place in earthen walls. The 'auwai carried water into
a fishpopd from an agricultural irrigational system, or directly
from a river or spring, and some ‘'auwai could at times drain water.
In lengths, ‘'auwai ranged from a few tens of feet to several miles.
'Auwai-kai were ditches which connected fishponds with the sea.
Fach sluice of whatever kind probably carried an individual
name, but these have been lost.

Mature fish, ready for the harvest, congregate on the pond
side of the sluice grate during incoming tide. Likewise, mature
fish tend to congregate on the sea side of the sluice grate

during outgoing tide. During harvest, there was an;?pparent

22



sorting of fish by size, and a modern operator {Uyemura,
July 6, 197L) reports that fish do not come to the makahd until
mature. The most common method of harvesting fish was the use
of scoop nets on the pond side of makahd on the incoming tide.
For 69 ponds with makaha information, the number of makaha
ranged from one to seven, with one and two the m;st frequent
numbers. There have been ponds reported to be without sluices
or grates, but it is also possible that in some of these cases
prehistoric makahd may have been sealed by later construction
or destroyed. There are no traditional standard locations for
sluices or grates, but they were probably placed in each pond
according to prevailing water-related energy patterns so as to
provide flow into and draining out of the pond to effectively
reduce silting and inhibit stagnation. Nutrients also entered

ponds through the 'auwai o ka makaha.

Guard Houses. Guard houses (hale kia'i) are known to have

been associated with seven fishponds, but they probably were

associated with all Ty?e I Loko Kuapa, Type II Loko Pu'uone,

and Type III Loko Wai. Among the documented guard houses were
those at C15 He'eia'uli, at He'eia, O'ahu; F3 Haneo'o, in Hana,
Maui; and H2kL Kaloko, in Kona, Hawai'i. A platform on which

one may have stood is at H2 'Aiopi'o in Kona, Hawai'i. Hawaiian

historian Samuel Kamakau wrote in 1869:
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On the nights when the tide was high every
kia'i (keeper) slept by the makahd of which
he had charge, and it was the kia'i loko
(keeper of the pond) custom to build small
hale kia'i from which to guard the fish
from being stolen or from being killed by
pigs and dogs . . . (Ke Au 'oko'a, Dec. 9,
1869; translated Hawaiian to English by
Bernice Pauahi Bishop Museum)

Among the features which have not withstood the erosion of
time and water are platforms which supported the guard houses.
A conjectural plan and placement of such is shown in the fron-
tispiece and Plate 3. It should be noted that guard houses
were not the residence but the shelter of the keeper while he
was on poaching patrol, and that women through 1819, and for
probably decades later, were not permitted near a fishpond
kuapd. An empty shelter by itself would deter poachers from a
makahi. (Is a guard hidden within?)

Kikuchi noted an apparent but loose correlation between the
number of guard houses and the number of gggggé_of a pond:

there was one less house than sluice grates when sluice grate

numbers exceeded two.

Assembly of Fishponds

Only 23 fishponds in the entire Hawaiian Island chain are
documented as have been made by man. These include on Moloka'i:
L, Keawanui, at Kalaeloa; on Maui: F3, Haneo'o, in Hana; and

on Hawai'i: H16, a nameless pond at Honu'apo, and H52, Ninole,
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both in Ka'u, and H5L, 'Opae'ula, at Makalawena in Kona. Of

the other 312 or so ponds, many have their assemblies attributed
in literature to the menehune, mythical, supernaturally endowed
dwarfs. These builders were also credited with many other civil
projects of antiquity. Menehune always completed their tasks in
the course of one single night and always worked with rock as
building material.

Whether built by man or menehune, the method attributed to
the builders was similar. Builders stood in a line from the
source of rock to the construction site and passed rocks of
huge size along the human (or superhuman) chain. Rocks were
said to be as light as feathers to the workers. Movement of
the material was said to be swift and the rocks were accurately
assembled at their destinations. Distances over which rocks
were said to have been transported to fishpond sites often were
more than a mile and sometimes over mountain ranges.

The massiveness of some of the ponds suggests that assembly
was actually intensive and lengthy, as well as costly in terms
of material, manpower, and any subsidy in feeding and housing.
There is no documentation of the knowledge of, or use of, pulleys,
rollers, or sleds to 1lift or transport heavy objects. Known
means used were the rope, litter, digging stick and manhandling

by male workers.
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Size

The size, in acres, of any aquacultural site, as recorded
on tax maps, aerial photographs, and in published sources, varies
according to several factors: the year of the survey; the
accuracy of the survey, the time of day the survey or photograph
was made, the amount of silting since the last cleaning (which
may have been up to a century or more); and the coastal changes
that had occured since the pond was first built. Therefore,
figures for acreage of fishponds vary considerably.

Unreliable data on 112 Type I Loko Kuapd were plotted on the
same graph to determine an indication of the size range and
distribution (Kikuchi 1973). The range was ffom less than an
acre to almost 90 acres. Sixty-two of the Loko Kuapd were below
ten acres; L2 were between ten and LO acres; and seven between
4O and 90 acres. This does not indicate range and size
distribution of Hawaiian Type I fishponds ca. 1800.

Likewise unreliable (as to ca. 1800 conditions) data on

Type II Loko Pu'uone and Type III Loko Wai fishponds indicated

that their sizes ranged almost continuously from 0.5 to more

than 500 acres. This suggests that fishpond sizes were random.

Invironmental Considerations

Compared to other Pacific Island groups, Hawaiian Island

waters are poor in mutrients (plankton) on which larger forms feed.
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The comparatively unproductive island waters did not affect the
prehistoric Hawaiian aquaculture system. Each fishpond was an
enclosed body of water, unique in its physical, chemical and
biological attributes. Studies in recent historic times of
various aspects of the physical and biological make up of
fishponds, such as those by Hiatt (1947), MacKay (1947),
Bennett (1962), Van Heukelem (1968), Malone (1968), and Kikuchi
and Belshe (1971), cannot be presumed to reflect the conditions
which existed in prehistoric times.

One cause of difficulty in attempts to study the prehistoric
fishpond environment is the comparatively small number of ponds
still in existence. Aﬁa@her cause centers around the vast
physical changes that haﬁ%‘taken place in the surviving ponds
since prehistoric times. These changes were brought about by
such causes as siltation; overgrowth; introduced marsh plants,
grasses and trees; general disrepair; and extensive pollution.
Prehistoric fishponds were constructed on a relatively mudless
shoal and if possible on a sand base. The mud silt found along
the windward coast of O'ahu Island, in the Pearl Harbor area of
O'ahu and along the entire southern shore of Moloka'i Island is
the result of post - 1900 erosion. This erosion was first
initiated by extensive clearing of forests and grasses, and later
by construction. Studies by Hiatt, MacKay, Van Heukelem and
Malone were all conducted on ponds in these silted areas. Any
information in these, and other modern studies, must not be viewed

as representative of the pristine model of pre-European times.

27




4

Such information can be used, however, to hypothesize about

the prehistoric pond environment. This hypothesis follows.

Physical Environment

Productivity potential of each royal fishpond is "a function
of the nutrient materials (organic and inorganic salts) dissolved
in it and available from other sources" and is not directly
related to the size of the site (Bennett 1962: 38, L0O). Each
pond is an artificial habitat for aquatic life and forms a
balanced ecosystem. While the data is incomplete, the knowm

rhysical parameters are discussed below.

p. Measured as a range from 1 to 10, the pH indicates the
mineral composition of water. 1 to 6.5 is acid in salt ccntent,
8 to 10 is alkali, and 7 is rated as neutral. The omnipresence
of calcium carbonate in Hawaiian waters produces a generally
alkaline reading in fishponds, with a predominance of 8.0 to

9.0 readings.

Temperature. Water temperature plays a critical role in the
appetite, digestion, growth, movement and reproduction of fish
and other aquatic life forms. Fluctations of water temperature
occur both monthly throughout the year and hourly, being low in
the morning and attaining a maximum during the afternoon hours.

Fluctations are related to air and ground temperature, radiation
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from the sun, and the circulation of water from outside sources
into and out of the ponds. Measurements must be correlated to
the month, day, hour, and location where the reading was taken.
Hawaiian fishpond temperatures range from a low of 18°C (6L .L°F)

to a high of 31°C (87.8°F) with a mean of 24.7°C (76 * °F).

Turbidity. Turbidity is defined as the grades of water
transparency due to the lack, or presence, of foreign mineral or
organic particles suspended in the water. It is measured by
means of a photoelectric cell, and registered as the number
of particles per million volume (ppm). High turbidity in fish-
ponds may scale down the growth rates of fish. Turbidity is
a factor in the growth rates of the plankton, phytoplarnkton

and microbenthic life forms on which fish are dependent for food.

Oxygen. The dissolved oxygen content of water is "a complex
result of photosynthetic and respiratory activities plus the
influence of temperature and pressure! (Kikuchi and Belshe
1971: B18). Like water temperature, the oxygen content shows
variations which reflect diurnal changes in light, air temperature
and cloud cover. A total of 28 measurements in 18 fishponds
showed a range of dissolved oxygen content is from 6 to 13 ppm,
for a mean of 7.9 ppm and a mode of 7 ppm. The mean value
indicated a high level of photosynthetic processes occuring

within the fishponds.
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Salinity. Salinity is defined as the amount of mineral salts

dissolved in a given body of water. Variations were observed in

fishponds; depending on the location, time of day, depths at which

samples were taken, and on tidal fluctuations. Some of the levels

of salinity of fishponds on Hawai'i Island were low enough to
yield potable water. The salinity range was 2.0 to 32.4 percent.
Differences were noted within individual ponds along land edges
as compared with along seawalls. In many of the larger ponds,
such as Hl, 'Ainakapa'a, Honokohau II, in Kona, Hawai'i, and
H41, Lahuipua‘'a, at Kalahuipua'a, in Kohala, Hawai'i, two layers
of water were found: a top shallow layer of fresher water; and
a bottom level of more saline water. Obviously, mechanical

mixing of pond water is an on-going process.

Bottom Sediments. Found at the bottom of most fishponds is

a layer of sediments. Organic muck and salt are its predominate
materials. The layer is partly digested algal material that
has been cycled at least once through the gut of fish or shrimp.
The layer continues to decompose and change in color from dark
green to dark grey or black. Intermixed in this layer of muck
are particles of silt and calcareous sand delivered by wind and
water action. It is this layer which, when too thick, was
removed from royal fishponds (to accumulate again) by commoners
and lesser chiefs as a public works project in prehi?toric
times. (Dredging is a modern method). This layer méy repose on

bedrock or on other deposited materials (which may also sometimes

need removal).
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The layer of sediments depletes the dissolved oxygen and
produces hydrogen sulfide (HZS)‘ At H2), Kaloko fishpond, in
Kona (Hawai'i), the oxygen of this level measured 25-33 percent
(lower than at higher levels), with the H,S measured from a low
of 0.2 ppm to a high of 5.0 ppm. An excess of 3 ppm is considered

injurious to young fish.

Note. Modern research aquaculturalists attempt to control,
or selectively enhance or depress, the above physical elements.
To do so, a completely enclosed container must be used, with
control of all or selected elements which enter or leave, In
Hawaiian fishponds operated Hawaiian style, these elements were

largely uncontrolled and varied naturally.
Biological Environment

Tﬁe food supply within the Hawaiian fishpond is almost
solely dependent upon the physical features of the pond itself
(see Hiatt 1947: 279). Fishponds can almost be cansidered
estuarys. Estuarys are productive because of shallow water
depth, the maximum radiation which reaches these depths, the
circulation brought on by tidal flow, and the nutrients carried
into the estuary by each tide. Estuarys are said to be 20 times
as productive as an alfalfa field and twice as productive as a
corn field (Marx 1967: 99-100). The generally shallow nature

of most Hawaiian fishponds and the deposits of nutrients into
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them by tide (and/or stream) permit their comparison to

estuarys.

Food Chain. The chain begins with microbenthos that
transform organic and inorganic detrius and nutrients into a
form which can be used by phytoplankton, the next higher step.
Phytoplankton is plant plankton and depends on sunlight for growth.
The numerous benthic and floculent mats of green (or blue and
green) filamentous algae found in Hawaiian fishponds in 1975
represents this layer, which thickens naturally over a period
of time. Apparently, there is a range of optimum thickness, and
if the algae became too thick when the ponds were in operation,
it was thinned or eliminated by hand labor. Such disturbances
may have resulted in a period of less yield of products.

The amount of sunlight which reaches various depths depends
on turbidity, the translucency of the water. The proper amount
of light promotes the growth of lower animal and plant life on
which fish are dependent. Zooplankton (animal plankton) feed on
phytoplankton (plant planktcn). Zooplankton in turn is eaten by
larger fish and crustaceans. The pond's food chain progresses
upward until man consumes the fish, shellfish, crustaceans, and
seaweed.

A food pyramid, with a base consisting of phytoplankton
and a second layer of zooplankton, can be envisioned. Man is at
the apex of the pyramid. In each process of transfer of energy

upward, there is an energy loss of approximately 90 percent from
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one level to the next higher level. That is, it takes 1,000
pounds of phytoplankton to produce 100 pounds of zooplankton,
which in turn produces ten pounds of fish. A fishpond required
a large nutrient supply of inorganic and organic nutrients to

produce fish for the king's table. Plate L.
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Products. A wide range of foods were provided by the
Hawaiian aguacultural system. In the case of royal fishponds,
cultural preference controlled the harvest. The porous nature
of makaha and seawalls allowed any type of aguatic life forms to
venetrate a pond. Control of the kinds of products within a
vond was almost impossible. Certain items were chosen as food
over other items. One indication of cultural preference for
some fish over others was the practice of seeking the fry of
selected fish and transporting them into fishponds. Seaweed was
also intentionally sought and transplanted in certain areas to
provide beds for selective harvest. A listing of some of the
principle food items harvested in royal fishponds follows.

The first two fish listed were extremely sacred in Hawaiian
culture (Pukui and Elbert 1957: 7, 341); numbers 2 through 8
were common iq royal fishponds; numbers 1 and from 9 on were less
common. the\that Hawaiian and modern scientific nomenclature

do not always mesh.

1. Ulua: Also called jack, crevalle,
crevally. Used ceremonially as substitute
for human sacrifice when latter was not
available. Adult is about five feet (152 cm)
in length, weighs 100 pounds (45 kg) or more.
Growth stages, from young to mature were

termed by Hawaiians as papio or papiopio;

pa'u'u; and ulua. Hawaiians gave further
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qualifications to ulua. A whitish fish,

probably Caranx ignobilis, was termed

uwlua-aukea. Dark or blackish ulua were

termed ulua-'ele'ele (Caranx melampygus)

and ulua-nuku-momi, if it had a vearly

mouth. Ulua-pa'opa'o, Caranx speciosus,

was green and yellow with vertical green
bands and was considered best for eating
raw. Other Hawaiian terms for this sacred
fish included, with meanings if evident:

nlua-kaha-uli (resembles an ahi fish in

some manner); kihi, kihi-kihi, and huli-pu

(resembles a small, brilliantly colored
fish); ulua-13-uli (probably a dark fin

variety); ulua-mahai; ulua-uli.

2. Ahole: (Xuhlia sp. and/or Taeniure

sandwichensis, etc.) Used by priests to

disperse evil spirits and used ceremoni-
ally as substitute for pig sacrifice when
latter not available. Termed aholehole

when immature.

3. 'Ama'ama: Also called mullet, Mugil
cephalus. A choice eating fish. Growth

stages, from young to adult are: 'ama or
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pua'ama, pua'ama'ama, pua po'ola and/or

'ola (up to finger length -- at some of
these stages fry transported into pond to
grow); kahala (hand length); 'ama'ama

(about 8 inches ~- 20 cm -- and harvestable);

and 'anae (about one foot -- 30 cm -- long).

., Awa: Also called milkfish, tenpounder,

Chanos chanos. A choice eating fish. Not

to be confused with 'awa, or kava (Piper
methysticum), a shrub from which a ceremonial
drink was made. Growth stages, from young
to adult, are: puaawa and/or puawa (young);
awa'aua (medium size); awa (harvest size);

and awa-kalamoho (very large).

5. Kaku: Also called barracuda, Sphyraena
barracuda. Other names are kipala; and on

Moloka'i Island: kua-pala.

6. Nehu: Also called anchovy, Anchoviella
purpirea. Hawaiian qualifying terms included
nehu-kiilani (of chiefly nature); nehu-maoli;

nehu-oaki'is; and nehu-pala.
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7. 'O'opu: Hawaiian generic name for fishes
of the Eleotrudae and Gobiidae families.
Some are in salt water near shore; others in

fresh water; some may live in both.

8. Puhi: Hawaiian generic name for eel.

9. Kamanu: Also called amberfish, rain-

bow runner and sea salmon, Elagatis bipinnulatus.

10. Kahala: Also called amberjack, Seriola
spp. Obsolete Hawaiian names include Mokule'ia

and moku-lei. Kahala-'opioc is name for young

stage; kahala-maloli and k3hala-amuka varient

names for adult stage.

11. Kumid: Also called goatfish, Upeneus
norphyreus. Growth stages, from young to
adult, are: kolokolopa (fingerling);

ahuluhulu (hand length); kumu a'e (medium

size); kumu (harvest size).

12. Xala: Also called surgeonfish,‘Teuthidae

sp., Naso lituratus, Naso unicornis, Naso

brevirostris. Hawaiian qualifiers are
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kala-holo-ihu-loa (long nose running);

kala-lemu (buttocks); and kala-1i'ili'i

(small).

13. Manini: The common adult reef surgeon-

fish, Acanthurus sandvicensis. Growth stages,

from young to adult, are: Jhua-liko (earliest
stage, transparent); Shua kani'o (next stage,
striped); pala-pohdku (third stage, feed on

alga of same name); ka-kala or maninini

(half grown); manini (harvest size).

1L. Palani: A surgeonfish with tough skin

and strong odor, Acanthurus dussumieri.

15. Pualu or puwalu: A surgeonfish about

8 inches (20 cm) in length; similar to palani
in skin and odor but having a blue line across

soft part of its fin.

16. Uhu: The parrot fishes, especially

Scarus persﬁicillatus. Hawaiian modifiers

added as suffixes include a'a, ahiuhiu,

'shu'ula, ?ﬁla, ‘ele'ele, halahala, kuwala-kai

or palukakuka, 13-uli, panoa, piko-'ula and

ulivuli. Growth stages, from young to adult, are:
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'ohua (very young); pdnuhu or ponuhunuhu

(medium stage); and uhu (harvest stage).

17. 'O'io: Also called bonefish, ladyfish,

Albula vulpes. Growth stages, from young

to adult, are: pua 'o'io (finger length);
1amo'omo'o (forearm length); 'o'io (adult,
2 to 3 feet -- 61 to 91 cm -- long); and

kuahauli (extra large).

18. !Opae-huna: Any transparent shrimp,

including Palaemonidea, Leander or Palaemonella

families.

19. 'Opae-kakala: A spiked shrimp.

20, 'Alamihi: A common black crab,

Metropograpsus messor.

21, Papa'i: Hawaiian generic name for crab.
D ——

22, Limu: Hawaiian generic term for edible

seaweeds; especially limu-kala-wai (Spirogyra

spp.); limu-ilio (Stigeoclonium amoenum); and

hulu—ilio.

Lo
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23. Miscellaneous:

Honu: Turtle. Often caught and kept in ponds.
Lepo-'ai-i'a: Edible mud; confined to fish-
pond C67, Kawainui, Kailua, O'ahu Island;
Shellfish, bivalves, mollusks; especially

Kupekala {Chama sp. ?)

Mahamoe (?)

Nahawele (Isognomonidae family)

'Owa'owaka (Isognomonidae family?) 'owaka

Papaua (Isognomonidae family)

Pipi (Pinctada galtsoffi or radiata)

Kupe'e (Nerita polita)

Pipipi (Nerita picea and Nerita neglecta) picea

'0pihi (Helcioniscus sp.)

Yield

The actual prehistoric fishpond yield will probably never be
known, as there are no records or indications of the number of the
catch or of its weight. According to Kamakau (1869) "Fishponds
were another means of prosperity to a land. A land was called
rich according to the number of fishponds it contained.”

Richness in native ideology did not imply monetary wealth, but
rather that the land was productive, and therefore, beneficial

to the chiefs.
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To compute a reasonable yield for the approximate 350 royal
fishponds of Hawai'i ca. A.D. 1800, the average fishpond size was

considered to be 15 acres, and the average annual yield per acre

per annum was considered to be 350 pounds. With these basic figures,

it appears that there might have been 5,025 acres of royal fishponds

in 1800, with an annual yield of 1,758,750 pounds of edible fish.

For each of the 365 days of the year, the average daily yield was

computed to be 1,818 pounds per day. In round numbers, an estimated

5,000 people had available a pound of fish per person per day on
the average. This computation ignors distribution of ponds and
population. The estimated population of the Hawaiian Islands

ca. 1800 was 266,000 (Schmitt 1968: L41). If the fishponds fed
the entire population, each person would have averaged less than

seven pounds of fish per year.

Owners and Managers

By at least the sixteenth century, the Hawaiian Islands
had numerous families of high status individuvals who ruled their
separate domains by birthright, by geneological affinity to the
major gods, and by the right of conquest. Everything on the land
and in the sea in their domains belonged to these high chiefs.
Since the high chiefs were the closest living relatives of the
major gods, the right to conspicuous ownership was never challenged

or denied them.
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Since the chiefs were too sacred, too occupied with
religious duties and political affairs, they did not have the
time to personally supervise the affairs of state and the complex
operations of the society. A bureaucracy developed. Among the

managers were:

Konohiki. The konohiki was the resident and personal
representative of the high chief, who was usually absent from
his land in the company of the ruling chief. The landlord chief
had temporary, perhaps lifetime, possession, use and control of
the major land/water unit, the ahupua'a. The ahupua'a was
ideally a pie-shaped section of land which extended from an apex
inland out into the sea. Always a male, the konohiki was resident
manager of the land/water unit and controlled its day to day
operations as well as the distribution of its agricultural,
aquacultural and hand crafted products. He managed and controlled
all the land and water of his ahupua'a except for inholdings under
the direct control of another high chief. The inholdings included
royal fishponds and any 'ili kiipono, small land divisions within

the ahupua'a boundaries, and which also might be ko'ele. A konohiki

could be dismissed by his landlord chief, or he could be replaced
with a new konohiki when and if his landlord chief died or lost

his land through conquest or dispossession.

Haku-'ohana. This senior male was head and representative

of a large, extended family of commoners. Each extended family
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consisted of a community of homesteads, with all members related
within a hierarchy of lineages. The haku-'ohana reported to and
was responsible to the konohiki in charge of the ahupua'a in which
he and his family resided. In contrast to the high chiefs in their
landlordships and konohiki in their managerships, the haku-'ohana
and his family identified with the land/water of an ahupua'a and
remained there as part of the natural resources. Unlike contem-
porary European peasants, the family was free to leave if it felt
unduly oppressed or overtaxed by a konohiki or his absentee

landlord-chief.

Kia'i loko. The kia'i loko was the resident male keeper of
a royal fishpond. The method of his appointment and his status
in the Hawaijan society are not known. Evidently the kia'i loko
was responsible directly to the high chief owner, but messages
between him and his chief may have been relayed at times through
the konohiki and distribution of fishpond harvest may at times
have been coordinated also through the konohiki. Coordination
between a kia'i loko and the konohiki would have been necessary
for such operations as construction, repair and cleaning, since
the konohiki controlled the laborers. Kia'i loko could eat
openly of those kinds of fish harvested from the pond that were
not reserved for his chief. Normal bureaucratic practices would
indicate a head keeper and one or more assistants, perhaps one
for each sluice grate. Part of the duties of the kja'i loko

was to guard against poaching.

Lk
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The larger, more productive loko kuapd (Type I), loko
pu'uone (Type II) and loko wai (Type III) and perhaps some of the

sizeable loko 'ume'iki, Type V fishtraps were under conspicuous

ownership of a high chief and each pond was directly overseen by

a resident kia'i loko. Since such pond types produced consistantly
and in sufficient (to the Hawaiians) quantity throughout the year,
they were highly prized and controlled for official use only
Smaller fishtraps and small irrigated taro plot-vonds, were managed

by the konohiki and haku-'ohana. These devices provided yields

too small and erratic to be of great value economically and
politically. Their main function was to provide variety in the
local diet, especially to add protein. Thus, the smaller
aquacultural devices were usually relegated to tenants for their
primary benefit, but always under the stipulation (1) that a
portion of the catch be ritually offered to the appropriate gods
and (2) that a quantity be supplied to the konohiki. The konohiki
used his portion to help maintain his own family and staff and,

if feasible, passed a large part of it on to his chief on a

gift-tax basis.

OEerations

Stocking

Sieve-like sluice grates (makah3) and permeable seawalls

(kuapZ or pd) allow a wide range of sealife to enter fishponds, a
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situation over which the prehistoric Hawaiians had no control.
To increase and insure a supply of preferred fish, fingerlings of
the desired kinds of fish were captured outside fishponds and
transported over the walls into them.

Stocking was seasonal., Taboos prohibited the catching of
fish during spawning. Netting was the method used to catch fry
at specific locations where the desired kinds of fish congregated.
Captured fish were probably transported in calabashes and perhaps
bottle gourds and done in a swift manner to insure maximum survival.

'Ama‘'ama and awa were most frequently stocked. The lessee of

fishpond C112 Moli'i, Kualoa, Ko'olaupoko, O'ahu, netted finger-
lings in 197k in Kane'ohe Bay from January through May.

Two types of nets were described as employed for the capture
of fry for stocking. One was the simple, small scoop net, and
the other the seine. Sinkers along the bases of seines, and floats
along their tops kept the seines vertical. One seine type described
had % inch (1.3 cm) mesh; another type had mesh of from one to
two inches (2.5 to 5.0 cm). Seines were more than 300 feet
(91 meters) long and nine feet (3 meters) wide. Seines of this
size required canoes to assist in laying and in moving the nets

to surround fish.
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