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THE KAYAK

A STUDY IN TYPOLOGY AND CULTURE HISTORY

By Jarmo Kankaanpää
INTRODUCTION
Although ethnologists and archaeologists studying the Eskimo deal with largely similar manifestations of material cul​ture, interdisciplinary studies combining materials from both fields are surprisingly rare among both groups and are usually limited to a fairly low level of sophistication. An ethnologist studying a certain implement type may trace its linear formal evolution through the archaeo​logical record, and an archaeolog​ist describing his finds may point to similarities with historical types, but neither will usually draw any broad conclusions from these data. An ethnologist com​paring different variants of the same basic imple​ment will rarely try to explain the observed structu​ral differ​ences by referring to relationships between archaeologi​cal cultur​es, nor is the archaeologist studying the move​ments of prehistoric cultures particularly interested in the areal grouping of historical imple​ment types; both generally prefer to stick to their own respective disciplines and the material and methods they offer.

This study is an attempt to combine ethnographic and archae​ological data pertaining to a particular implement type and a number of other, closely related cultural features, in order to connect the evolution and spread of regional variants with recognized prehistoric cultures and events, and to throw light on certain typological and histori​cal questions that have proven difficult to answer from the material and analyt​ical premises of one discipline alone.

The study begins with a description and structural analysis of historical kayak types used by the Eskimo, Aleut, Chukchi, and Koryak. Based on the analysis, the types are classified into three main groups accor​ding to certain basic struc​tural qualities. The typological and possible historical relationships between these groups are first assessed purely on the basis of structural criteria, after which each group is traced as far as possible in the archae​o​logical record. The structural patterns characterizing the main groups are connected with recognized archaeological cultur​es or traditions, and the structural and archaeological data are combined to present a hypothetical outline of the evolution of the historic types.

DISTRIBUTION AND STRUCTURAL FEATURES
Distribution
The geographical distribution of native kayak types extends from the Gulf of Penshina (Siberia) in the west to Ammassalik (East Green​land) in the east. The most southerly areas where the kayak has been used during historical times are the southern Labrador coast and the Aleutian Islands; the northern border in the New World coincides with that of human habitation. In many areas, the kayak is only present on a relatively narrow strip adjacent to the coast, but especially in North Alaska and central North Canada it has also been used extensively on inland waterways.

Apart from the Eskimo, the kayak has also been used by the Aleuts and the Tanaina Indians of southern Alaska, and by the Chukchi and Koryak of eastern Siber​ia. In Canada and North Alaska, however, the kayak is exclusively an Eskimo implement and has not been adopted by the neighboring Indian groups. The kayak is still used as a hunting craft in Greenland, Labrador, and southwestern Alaska, but the decline of aboriginal hunting methods has led to its total disap​pearance from many other areas.

To a European, the term "Eskimo kayak" usually brings to mind a Greenland-style low-decked, sharp-ended, single-seat craft propelled with a double-bladed paddle and used mainly for sea mammal hunt​ing. Many kayak types fit this description in a general way, being dedicated sea boats used for hunting seals, walrus, and small whales as well as for fishing and fowling. However, in the central Canadian arctic and parts of North Alaska the kayak has been used above all for hunting swimming caribou at crossing places on inland waterways, and the kayaks of these areas have consequently developed into craft quite different from the pelagic eastern types.

Not even all sea kayaks resemble the Greenlandic models. Especi​ally the West and South Alaskan types with their vertical stern, ridged deck, and curious bow structures are very different from their eastern coun​terparts. Double and triple-hatch kayaks have also been common in Alas​ka, as has the single bladed paddle; the Koryak of Siberia have even used short single paddles in pairs, one for each hand.

Structural Parts
The hull of a kayak consists of two separate assemblies, the wooden frame and the skin covering. Aside from materi​als and methods of manufacture, these assemblies also differ from each other with respect to procuring group, manufacturing timetable, use life, and method of storage.

- The frame
The frame forms the actual stress-bearing structure of the kayak and gives the hull its typical shape. The frame of a kayak is self-supporting, i.e., it is built as a unit that retains its integrity and shape even when the covering is detached. In this sense, it differs from the frame of the birch bark canoe where the ​individ​ual slats and ribs are kept in place only by being compressed between the gunwales and the bark cover (e.g., Adney & Chapelle 1964:14-15, 193; Taylor 1980).

Since wood (as opposed to skin) does not require any special treat​ment and associated critical timing prior to working, most parts of the frame may be manufactured beforehand in free order and without a strict timetable (Arima 1987:16; Zimmerly 1979:71). Building a kayak frame may take several weeks, since it is often not possible to complete the work at a sitting due to other duties.

A hunter usually builds the frame for his kayak himself, either alone or with the help of one or several male companions. A father may build a kayak frame for his adolescent son, but other​wise there are few examples of having the frame – or any other hunting imple​ment for that matter – manufactured to order (one notable exception being kayaks built for museum collections, e.g., Arima 1975 or Zimmerly 1979). This is at least in part due to the fact that all the measurements used are anthropometric and should ideally be those of the user himself. Ergonomy is in fact consid​ered essential, since controlling the kayak in a heavy sea is difficult if the various points of support do not fit the anatomy of the kayaker (Curtis 1930:13; Petersen 1986b:7, 15).

Since most groups using kayaks live far from the tree line, all larger structural members of the frame are generally made from driftwood. The traditional method of manufacture consists of split​ting a drift​wood log with small wedges into beams of suitable size and trim​ming these down with a small adze and crooked knife. In some areas even driftwood is so scarce that large parts such as the gunwales have to be built up from several pieces (e.g., Arima 1964:221-222; 1987:42). This method is still popular because store-bought quality lumber is expensive and hard to get; a beam split along the grain is also more durable than a sawn plank (e.g., Free​man 1964:72; Zimmerly 1979:8-10, 24-28; Peter​sen 1986a:19; Arima 1987:15).

Building a kayak frame from scratch in the traditional manner is a time-consuming enterprise, and the owner thus has a good reason for trying to keep his frame in usable condition as long as possible. Use life may be extended through careful storage on a special wood or stone rack during the winter and annual renewal of the more delicate parts. With good care, the frame has a comparat​ively long use life; on the Belcher Islands of eastern Hudson Bay the thicker members such as the gunwales are estimated to last about 10 years and the thinner ones such as the ribs and stringers about five to six years (Freeman 1964:68).

- The cover
The cover has traditionally been fashioned from the skins of medium-​​​​size sea mammals such as seals or sea lions; some inland groups have also used caribou skin. The use life of the cover is much shorter than that of the frame since even the best sealskin rots and wears out faster than wood. With care, a skin cover may last three years, but under normal circumstances a new cover is fitted every year, usually in the spring before the beginning of the open water season (Freeman 1964:65; Zimmerly 1978:32; Petersen 1986a:31).

Sewing the cover is often a communal enterprise since the cover must be finished before the skins (which have been soaked for stretch​ing) dry out. Covering the kayak, like all chores related to sewing and dressing skins, is traditionally performed by the women. The men lend a hand only towards the end, when the cover is stretched over the frame (Hawkes 1916:72; Birket-Smith 1929/I:186; Rasmussen 1931:172; Freeman 1964:74; Arima 1964:237, 239-240; Guemple 1967:152-157; Petersen 1986a:31).

Building a Kayak
The simplest type of kayak frame consists of a pair of gunwales and a series of deck beams, ribs, and deck and bottom stringers. Assem​bly of the frame starts with morticing the deck beams between the gunwales. The middle beams are put in first, and the ends of the gunwales are gradually pulled together as more beams are added, until they are finally joined when all beams are in place. The deck stringers may now be fast​ened and the frame turned over. With the frame upside down, the ribs are morticed into the lower edge of the gunwales; the join is sometimes locked with a dowel (cf. Arima 1987:19). After the bottom stringers have been fastened to the ribs with lashings, the frame is ready for cover​ing (cf., e.g., Mathiassen 1928a:94; Freeman 1964:73-74; Holtved 1967:78; Arima 1975:114-121).

Besides the parts mentioned above, some kayak types have special joint blocks or form giving members in the bow and stern. At which stage of assembly these are added depends on their method of fastening and their structural function, and consequently varies widely between types. In some kayaks the wooden cockpit rim is also fastened permanently to the frame while in others it is only fastened to the cover after this has been completed.

Covering the frame begins with sewing the skins into a long mat with pockets at the extremes. After these pockets have been fitted over the bow and stern, a thin line is run zigzag fashion back and forth over the deck and through small cuts made only through the underside of the skin close to – but not quite at – the edges. This line is gradually tightened, until the edges of the cover are pulled together (or as close together as they will go) over the deck. The edges are then sewn together and any remaining holes are patched with separate pieces, leaving only the cockpit hole in the middle of the deck. The stretching line disappears under the seams but is not removed. Finally, the cockpit hole is trimmed and the edges fastened to the wooden hoop-like rim (cf. Boas 1901-07:11; Birket-Smith 1924:264; Mathiassen 1928a:95; Holtved 1967:78-81; Arima 1975:127-128; Petersen 1986a:32-33; 1986b:59-60, 65-66).

According to John Heath (1978:23) one of the differences be​tween the West and South Alaskan ridged-decked kayaks and the northern and eastern flat-decked models is that on the former, the skins are not sewn together prior to covering but are joined on the frame itself. Judging by published accounts of covering ridged-decked kayaks, however, the operation seems to commence quite simil​arly to that performed with flat-decked types (e.g., Curtis 1930:15; Birket-Smith 1953:47; Laughlin 1980:37; Robert-Lamblin 1980:10). A double and a single hatched ridged-decked Aleut kayak (belong​ing respectively to the Turku Histor​ical Museum and the National Museum of Finland) which the present writer has had the chance to examine both have​ the same type of zigzag stretch​ing line under their deck seam as the flat-decked types, indicating that at least the final stage of cover fitting was essentially similar in both areas.

PREVIOUS RESEARCH IN KAYAK TYPOLOGY
The structural properties of various regional kayak types have been treated to some extent in the "classical" ethnographies of the late nineteenth and early twentieth centuries (e.g., Boas 1888 and 1901-07, Murdoch 1892, Turner 1894, Nelson 1899, Jochelson 1905, Porsild 1915, Hawkes 1916, Birket-Smith 1924 and 1929, Mathiassen 1928a), but these presentations are mainly descriptive and compari​sons with other types – when present – are fairly superficial. Typological descriptions focus mainly on outward appear​ance; the presentation of the actual structural features is usually quite limited, and exact measured plans or drawings are almost nonexistent.

The first attempt to classify all historical kayak types into morpho​logical groups appeared in James Hornell’s comprehensive study on water​craft from 1946. Hornell listed six main type groups:


I.
Caribou Eskimo


II.
Beaufort Sea


III.
Baffin Land


IV.
Greenland


V.
Alaska


VI.
Siberian Koryak

According to Hornell, the Caribou Eskimo type is found only in the Barren Grounds tundra area west of Hudson Bay, the Beaufort Sea type on the arctic coast from Pt. Barrow to the Keewatin District in northeastern Canada, the Baffin Land type on Baffin Land (Baffin Island) and also on the Labrador coast and at Smith Sound (northwestern Greenland), the Greenland type elsewhere in Greenland, the Alaskan type in West and South Alaska, and the Koryak type in eastern Siberia on the northern coast of the Sea of Okhotsk and on the Bering Sea coast between the Gulf of Anadyr and Kamchatka. Besides these main types, Hornell also mentions the river kayak of the (Reindeer) Chukchi and the sea kayak of the Siberian Eskimo and coastal Chukchi; however, he does not classify these types under any of his typological groups (Hornell 1946:166-174).

Howard I. Chapelle’s study of arctic (mainly American) skin boats from 1964 remains the basic source of kayak typology because it is the only work to date which presents detailed line drawings with measure​ments of representatives of almost all known regional types. Chapelle did not present an actual typological analysis or define typological groups, but he did note structural similari​ties between the kayak types of certain areas (e.g., South and Southwest Alaska, North Alaska and central North Canada, Northeast Canada and Northwest Greenland) (Adney & Chapelle 1964:197, 204).

In a short, unpublished paper on kayak typology from 1970, John Heath divided kayaks into eight groups:

(1.)
Siberian kayaks

(2.)
Pacific kayaks

(3.)
Bering Sea kayaks

(4.)
Arctic Alaskan kayaks

(5.)
Mackenzie Delta kayaks

(6.)
Caribou Eskimo kayaks

(7.)
East Canadian kayaks

(8.)
Greenland kayaks

Heath noted that groups (4.) and (6.)
 were related, and that groups (2.) and (3.) differed in many ways from the other groups. Of the Siberian kayaks, Heath only mentions the Koryak kayak (Horn​ell’s type VI.), which he considers to be genetically related to the Greenland kayaks. Of the others, group (6.) is clearly the same as Hornell’s Caribou Eskimo type, group (7.) is Horn​ell’s Baffin Land type, and number (8.) is Hornell’s Greenland type. Hornell’s Alaskan type is divided by Heath into two groups (num​bers 2. and 3.), and the North Alaskan kayaks (4.) and Mackenzie kayaks (5.) are split off Hornell’s Beaufort type, while the remain​ing Copper Eskimo and Netsilik kayaks are left unclassified, although Heath does mention them in connection with both the North Alaskan and the Caribou Eskimo kayaks.

According to Heath, the objective of his study was to present the “genetical relationships” between kayak types in order to help eskimo​logists unravel their common origin. He did not himself analyze the results from an evolutionary or cultural histori​cal perspective, and was content to present some unrelated comments on the areal distribution of certain structural features.

The latest and most comprehensive general typology of kayaks has been presented by Eugene Y. Arima in his monograph on the Caribou Eskimo kayak from 1975. Arima lists the following groups and variants (pp. 67-86):

1.
Koryak

2.
Reindeer Chukchi

3.
Siberian Eskimo – Coastal Chukchi

4.
Bering Sea

- Bering Strait

- Norton Sound

- Nunivak Island

- Bristol Bay

5.
The Aleutians and South Alaska

- Aleut

- Konyag

- Chugach

6.
North Alaska, Central Arctic Canada

- North Alaska

- Copper Eskimo

- Netsilik

- Iglulik

- Caribou Eskimo

7.
Mackenzie

8.
Eastern Canada

- Atlantic Labrador

- Hudson and Davis Straits

- eastern Hudson Bay

- Foxe Basin

- Polar Eskimo (Northwest Greenland)

9.
Greenland

- Upernavik District

- Disko Bay

- southern central West Greenland

- South Greenland

- East Greenland

In this list, Arima brings the number of Siberian groups up to three by adding the unconnected types men​tioned by Hornell, and combines Heath’s North Alaskan group and Caribou Eskimo group with the Copper Eskimo and Netsilik kayaks to form one group; in other essentials the divis​ion is similar to Heath’s. Unfortunately, Arima’s descriptions of the various subgroups are fairly superficial; in many cases the author merely lists the subgroups without giving any details of their distinctive features. The Greenlandic subgroups may be identified from the two references Arima gives (Birket-Smith 1924 and Porsild 1915); most of the North Alaskan – Central Canadian and Bering Sea subgroups are to be found in Adney & Chapelle, though Arima does not in this case always give references. However, the Bristol Bay subgroup and all East Canadian subgroups remain uncertain as Arima does not describe their appearance or give their exact geographical bounda​ries, nor does he explain his grouping criteria or give any refer​ences.

Arima also mentions a few archaeological finds – mainly kayak models – from which he seeks to draw lines of development to historical types. However, since the focus of the study is the Caribou Eskimo kayak, the archaeological section is mainly con​cerned with finding forbears for this type; connections between other historical types and prehistoric finds are only discussed very briefly.

After Arima’s monograph, only one study on general kayak typology has appeared. This is a short article by Heath dating from 1978, in which the author develops his idea of dividing all kayak types into two primary groups, the first comprising all the ridged-decked Aleut, Pacific Eskimo, and Bering Sea types and the second containing all other (flat-decked) types. Heath connects these two groups with the two main linguistic subgroups of the Eskimo lan​guage, Yupik and Inupik, noting that their boundary coincides closely with that of the kayak types (pp. 22-24). The structural similarities between the Koryak kayak and the Greenland types are also considered, and the conclusion is drawn that these may derive from a common “archetype”, the grandfather of all kayaks (pp. 21-22, 24-25).

TYPES AND SUBTYPES
The following division is based primarily on Arima’s scheme, although the order is reversed and is now from east to west. The reason for this change in orientation is that the gradually growing complex​ity of the frame structure that one encounters when moving from eastern Canada to South Alaska is more easily grasped if the presentation starts with the more simple forms. The subgroups are not all similar to Arima’s subgroups because his criteria and areal distributions are not always clear; especially as concerns Greenland, the change is also partly due to the availability of newer data.

Because the focus of this study is on evolution and history rather than on pure taxonomy, the goal of the following presentation of types is not so much the clarification of minute differences between subtypes as the discussion of the structural features that are typical and common to all types within a group. For this purpose, differen​ces between subgroups are important mainly as criteria for classi​fying the features themselves. By studying the differences and similar​ities between, on the one hand, subtypes of the same main group used in different environments and, on the other hand, subtypes of differ​ent main groups used in a similar environment, we may attempt to define which structural features are envi​ron​mentally deter​mined
 and thus useless as clues of spatial histo​ri​cal events. This analytical perspective could in a sense be called anti-function​alistic, since the successful application of a diachronic, evolution​ary historical approach essentially depends on the ability to assess, which features specifically are not products of their environment but rather reflect historical events and processes.

The Greenland Kayaks
Typical structural features of the true Greenlandic types (Figs. 1a and 3a) are the triangular form blocks attached to the ends of the frame and the use of multiple, short deck stringers. There are only three bottom stringers: a keelson and two side stringers. All three are quite sturdy (c. 20 x 25 mm " 5 mm). The keelson is furnished at both ends with a flat, vertical projection to which the ends of the side stringers are fastened; the upper edge of this projection is itself lashed to the joined ends of the gun​wales and to the front edge to the triangular block which carries the lines of the keelson and the gunwales to the end of the bow and stern. 

The ribs were formerly made from fresh willow or juni​per; during the colonial period wooden barrel hoops obtain​ed from traders became popular (Petersen 1986a:24). The form of the ribs varies; in some kayaks the ribs are evenly curved, in others the middle portion is flattened. Most of the deck beams are straight, only those above the kayaker’s feet curve up slightly higher than the gunwales. The most curved deck beam is the masik, which supports the fore end of the cockpit coaming and also acts as a carrying handle. The fore deck stringers do not come back all the way to the masik itself as they do in other kayak types, instead, they are fastened to another deck beam directly in front of the masik.

The cockpit coaming itself is roundish ‑ usually egg shaped ‑ and only slightly elevated at the front edge. The coaming is made from a thin wood slat by bending; during the sailing ship era ready-made wooden mast rings were also often used (Petersen 1986a:19). The cover is still preferably made from harp seal, bladder​nose, or ringed seal skin, but the decline of the seal population has brought about an increased use of sailcloth impregnated with oil-based paint (Petersen 1986a:30).

There have been changes in the form and distribution of Green​landic kayaks even in the current century, so typological and regional classification is somewhat problematic. The data offered by sources of varying age do not necessarily coincide, and it is difficult to define a point in history when each area was using the “original” local type. The number of discrete types defined by various authori​ties on the basis of differing criteria is large, but the actual descriptions are often so vague that it may be impossi​ble to identify a kayak in an old photograph without knowing, when and where the photograph was taken.

The first to classify Greenlandic kayaks was C.W. Schultz-Lorentzen (1904:310-312), who postulated two structural groups:

a)
South Greenland kayaks, identified by the use of morticed joints, a straight and low general shape, and a cover made from light (scraped) skin.

b)
Central and North Greenland kayaks, identified by the use of lashed joints, a high and curved general shape, and a cover made from dark (unscraped) skin.

A few years later, Morten P. Porsild divided the Greenlandic kayaks into six groups, found in the following areas (names of communities have been added):

1.
East Greenland

(Ammassalik)

2.
West Greenland
60º – 61º N
(Kap Farvel – Arsuk)

3.


"
61º – 67º N
(Fredrikshåb – Itilleq)

4.


"
67º – 71º N
(Holsteinsborg – Uummannaq)

5.


"
71º – 73º N
(Illorsuit – Upernavik)

6.
Smith Sound

(Thule District)

Of these groups, 2. and 3. are identical with Schultz-Lorentzen’s South Greenland and Central-North Greenland types, 4. and 5. are high-sterned types from northern West Greenland, 1. is an extinct type with a high stern, and 6. is actually an East Canadian type introduced by immigrants from Baffin Island. According to Porsild, types 1., 2., and 3. are interrelated, as are also types 4. and 5. (Porsild 1912:618-619; 1915:121-122).

The next classification was introduced by Kaj Birket-Smith, who consid​ered those of Schultz-Lorentzen and Porsild too simple and also criticized their structural criteria. According to Birket-Smith, the use of morticed joints had been adopted from Europeans, the high stern was not originally limited to northern West Green​land, and both light and dark covers were used in some areas (Birket-Smith 1924:268-270). Birket-Smith’s own classificatory system (see Map IIa) ran as follows (op. cit.:271); note that both Danish and Greenlandic names follow the old orthography:

1.
Julianehaab – Frederikshaab. Hardly any sheer [flex of gunwale line]. Long stems. Almost only light skin. Flat [deck] seams. – Introduced by the immigrated [sic!] Eskimos from Frederik VI’s Kyst [the southern part of the east coast]: similar type, though with a nearly flat bottom and vertical sides.

2.
Godthaab. Distinct sheer. Shorter stems. Dark skin with flat seams.

3.
Sukkertoppen – Holsteinsborg. Sheer. Very short stems, the stern formerly curving upwards, as is still done in Kangâ​miut. Dark skin. Flat seams.

4.
Egedesminde – Disko Bay. Sheer; in out-of-the-way places still of the shape of a tall, sharply built stem with a deck inclining strongly backwards. Long stem, shorter stern which until a short time ago was curved upwards. Dark skin. Raised seams [to keep water from collecting at the seams and seeping inside].

5.
Ùmánaq – Søndre Upernivik: Like the preceding type, but with a somewhat shorter stem and stern. The latter still curved upwards.

6.
Upernivik District, north of Søndre Upernivik: No sheer. Short stem and quite a short stern, the former slightly, the latter very strongly curved. Dark skin. Raised seams. The two straps immediately in front of the manhole as a rule oblique.

Besides these West Greenlandic types, Birket-Smith also mentions the “King Frederik VI’s Kyst” (King Frederick VI Coast) type, the Ammassalik type, and the Thule District type, but gives no description of the latter two.

There are several differences between the regional distributions of Birket-Smith’s and Porsild’s types. Birket-Smith divides Porsild’s 3. and 5. groups in two, and his King Frederik VI’s Kyst type does not appear on Porsild’s list although it may actually form a part of Porsild’s group 1. since Porsild does not specify whether the degrees he gives apply only to the coast west of Kap Farvel or whether they also refer to the southern part of the east coast. The borders between the groups are also slightly different; for instance, Birket-Smith seemingly assigns the commu​nities of Frederikshåb and Hol​steinsborg to a more southerly and Uumman​naq to a more northerly group than Porsild, although (again) this appar​ent discrepancy may actually be due to the inexact​ness of the rounded-off degrees used by the latter.

The regional groups defined by Arima are almost exactly similar to those suggested by Porsild. Why Arima nevertheless also mentions Birket-Smith as a reference is unclear, since he does not choose to adopt Birket-Smith’s division of the 3. and 5. groups, nor does he mention the King Frederik VI’s Kyst group at all.

The latest typological classification of Greenlandic kayaks has been presented by a Greenlandic authority, H.C. Petersen (1986a:48-49). According to Petersen, Greenland kayaks may be divided into four groups distributed as follows (Map IIb):

1.
The flat type: Narssaq, Julianehåb, Nanortalik, East Greenland.

2.
The curved type: Fredrikshåb – Holsteinsborg.

3.
The avasisaartoq type: fell out of use around the turn of the century, features still found in the northwestern part of Uum​mannaq Fiord and Illorsuit.

4.
The North Greenland type: Kangaatsiak – Upernavik, lately also the Thule District.

The flat type (Fig. 5a) is clearly equivalent to Birket-Smith’s type 1. According to Petersen, kayaks of the flat type are very long, narrow, and low-sided. The gunwales are almost vertical, and the sheer line is straight or only slightly negatively curved in the middle. The stem and stern are very long, and since the keel line is straight and the bottom flat, the craft has a very shallow draught.

The longest and narrowest kayaks of this group are found on the central east coast at Ammassalik, where the flat type replaced the former curved type toward the end of the 19th century (cf. Petersen 1986a:52). The old curved-stern model was still the dominant type when Gustav Holm’s expedition visited Ammassalik in 1884, but had been completely replaced by the southern type by 1894 (Thalbitzer 1912:384). A flat type with vertical gunwales (Birket-Smith’s “King Frederik VI’s Kyst” type) seems to have been formerly used on the southern east coast, but this model was discontinued after the population of that area moved to the Nanortalik District in the early 1900’s (Petersen 1986a:48).

Petersen’s curved type (Fig. 5b) appears to be similar to Birket-Smith’s type 2 and is also found in part of the area which Birket-Smith defines for type 3; the distribution is in fact the same as that of Porsild’s and Arima’s group 3. In the curved type, the middle part of the sheer line is almost straight, but the gunwales curve up slightly toward the ends. The upper edges of the gunwales also lean slightly outward, so there is no chine in the cover at the lower edge. The stem and stern are shorter than in the flat type and rise at a sharper angle; the curved kayaks also have higher sides than the flat types. The keel line is curved; in the Holsteinsborg and Sukkertoppen areas some kayaks also have a concave curve toward the rear, forming a rudder-like projection at the junction of the keel and the stern. The hull profile varies according to regional and personal preference, but the V-angle of the bottom appears to be generally sharper than in the flat types.

The avasisaartoq type (Fig. 5c) seems to be similar to Birket-Smith’s description of the old kayak types found in his 3. and 4. group areas. According to Petersen, the avasisaartoq type has a high stern and is more strongly curved – though with lower sides – than the curved type.

Petersen’s North Greenland type is the shortest of the Greenlan​dic kayaks. The stem and stern are very short and the gunwales have a slight negative (concave) sheer. A variant from Vajgat has a rising stern which Petersen considers a carryover from the avasi​saar​toq type (Petersen 1986a:49). In outward appearance and distri​bution, this type comes closest to Birket-Smith’s 5. and 6. groups, although the latter is defined as having a straight sheer line. Since neither author provides a line drawing of his type, the actual degree of similitude is difficult to assess.

Birket-Smith’s description of the 6. group is in fact fairly close to a line drawing published by Chapelle of an eastern kayak of unknown provenance in the Smithsonian collection (cf. Adney & Chapelle 1964 Fig. 191); however, the construction of the frame, particu​larly the stem and stern, is not apparent from Chapelle’s drawing. Chapelle also presents a drawing of a kayak purportedly from North​west Green​land (Adney & Chapelle 1964 Fig. 205), but this probably refers to the Thule District (North Greenland) since the kayak in question is clearly of the East Canadian type.

The Baffin Island-derived kayak type formerly used in the Thule District was replaced by the 1940’s by a type originating from northern West Greenland, so Petersen considers the current Thule kayak to represent the North Greenland type (Petersen 1986a:49, 56). However, judging by a drawing published by Holtved (Fig. 5d), the new type is not purely Greenlandic. Greenlandic features in the new Thule type are, e.g., the narrow and high stern with concave lines, the double foredeck stringers, and the absence of rear deck stringers. On the other hand, the tripartite, angular ribs are similar to those used on the old Baffin Island model. This may of course be an environmen​tally determined feature since green wood suitable for making curved ribs is not found in the Thule District (cf. Petersen 1986a:54); it might be noted that according to Holtved, there is cur​rently a prefer​ence for imported green willow stems, which can be bent into shape (Holtved 1967:75).

Another feature that distinguishes the new type from both the other Greenlandic kayaks and the East Canadian types is the con​struction of the stem and stern. The new Thule kayak does not have the widening keelson and triangular end blocks typical of other Green​lan​dic types, instead, it has straight stem and stern posts which connect the ends of the keelson to the ends of the gunwales. There is no mention in the literature of this construction being found in the kayaks of the northern West Coast, and it is clearly exceptio​nal in the eastern Eskimo area.

Besides these main types, Petersen also introduces three spe​cialized types: a transportable lightweight kayak, a storm kayak with very wide gunwales but no side stringers, and a "cult kayak" with small stem and stern "horns" reminiscent of those found on Macken​zie Delta kayaks (Petersen 1986a:50-51). These types are not described in detail. Toward the end, Petersen also men​tions three "local types": a type from Ikerasaarsuk with a long rear "horn" to facilitate lifting the kayak on the ice, the old Thule model derived from Baffin Island mentioned above, and a type from Ammassalik similar to the East Greenland type of Porsild and Birket-Smith (Petersen 1986a:52-56).

According to a drawing published by Holm, the old Ammassalik kayak had an upcurved stern which, however, did not rise as steeply and was longer than that of the avasisaartoq type (cf. Holm 1911 Fig. 33). The keel line was straight in the middle and curved up evenly at the ends with no noticeable break; Holm’s drawing also shows a straight gunwale although informants stated that the deck curved upwards toward the stem as well (cf. Thalbitzer 1912:384; Fig. 90). The gunwales in the drawing lean outward and the ribs are evenly curved, but tradition has it that the ribs used to be made in the same manner as in the old Thule kayaks, i.e., by joining three straight pieces (cf. Thalbitzer 1912:384). The kayak thus had a flat bottom and, according to Thalbitzer, was consequently classified by the natives as an umiak (loc. cit.). Holm’s drawing shows three fore deck stringers but no aft deck stringers. Some kayaks of the flat type also have three fore deck stringers (cf. Petersen 1986a Fig. 44), others are similar to the curved types and have only two.

The East Canadian Kayaks
The East Canadian kayaks (Figs. 1b & 3b) are recognizable by their long and very narrow bow and wide, flat stern. The deepest part of the hull is at the foot of the bow and the widest part is behind the cockpit. Because the volume and thus also the buoyancy is greater toward the stern, the cockpit is situated clearly abaft the mid​point. The sheer line has a moderately negative curve. These kayaks do not have the Greenland-style triangular blocks at the ends of the frame, but the joint of the gunwales and keelson is sometimes strengthened with an internal support and the stern may have a protruding end block.

The thick driftwood ribs are straight in the middle and usually either bent very acutely toward the ends or partially broken to produce an angle. The bottom is consequently quite flat, though in some models the high keelson gives the hull profile a shallow V shape. As in Greenland, there are usually three wide, board​like bottom stringers which, however, are laid on the flat; some models have a pair of additional short filler string​ers between the side stringers and the gunwales and rarely also between the side stringers and the keelson (e.g., Arima 1987:114-115). The fore edge of the cockpit is raised somewhat higher than in the Greenland kayaks, and the coaming is often D-shaped and furnished at the fore end with a flat plate acting as a paddle rest.

Like all other American kayaks, the East Canadian models have only one central deck stringer fore and aft; these stretch all the way from the cockpit to the end of the prow and stern. The masik deck beam, which supports the fore edge of the cockpit coaming, is higher and also sturdier than those found on Greenland kayaks because it must support not only the coaming itself but also the long paddle which is rested on the coaming or the rest plate. The deck beams ahead of the masik are slightly curved (as in Greenland models), but the rise of the deck in front of the cockpit is nevertheless sharper than on the Greenland types.

It is difficult to divide the East Canadian kayaks into distinct regional groups because diagnostic features in the structure and form often merge without clear-cut areal boundaries. The outside measurements may change according to use (Arima 1987:98); historical accounts show that there have been changes even in this century due to, e.g., the introduction of firearms (Arima 1987:97 105, 110). The most diagnostic regional differences relate to the form of the prow, the stern, and the ribs, and to the angle of the gunwales. On the basis of these features the following region​al groups may be distinguished (Map III):

1.
Northwest Hudson Bay, Melville Peninsula, Baffin Island (cf. Arima’s Foxe Basin group) (Fig. 6a): Short and high prow with a fairly steeply rising keel line forming a concave curve at the upper end (the so-called "clipper prow"). Gunwales vertical, ribs curved at the ends. (Cf. Boas 1888:487, Fig. 415; Boas 1901-07:10, Fig. 1e; 77, Fig. 106b; Mathiassen 1928a:92, Fig. 52a; Adney & Chapelle 1964 Fig. 196; Arima 1987 Figs. 30-32). At least the following types of bow and stern supporting struc​tures are found:

a) Pond Inlet (northern Baffin Island): Triangular inter​ior support block in the bow; short, protruding block in the stern (Mathiassen 1928a Fig. 55).

b) Cumberland Sound (southern Baffin Island): Flat con​necting piece between the upper edges of the gunwales in the bow; no separate support block in the stern (Boas 1901-07:10, Figs. 1d, 1f).

2.
The northern coast of the Labrador Peninsula opposite Hudson Strait (cf. Arima’s Hudson and Davis Straits group) (Fig. 6b): Very long hull and very long and low prow; angle of keel line rise at the bow fairly low. Vertical gunwales, acutely bent or cracked ribs, flat bottom. (Turner 1894:237-238; Arima 1964; Adney & Chapelle 1964:205-206, 207 Fig. 197; Arima 1987 Figs. 27-28, 38).

3.
Northeast coast of Labrador (cf. Arima’s Atlantic Labrador group) (Fig. 6c): Very close to the previous type, but higher prow and somewhat more curved keel line toward the stern. Vertical gunwales, acutely bent ribs, low V-angle in bottom profile. (Adney & Chapelle 1964:206, Fig. 198; Arima 1987:98-99, Figs. 34 & 35[?]).

4.
East coast of Hudson Bay (cf. Arima’s Eastern Hudson Bay group) (Fig. 6d): Very short and wide hull, full and steeply rising prow, short, protruding projection in the stern. Gunwales lean markedly outward, ribs are bent at the ends in a roundish curve. (Cf. Arima 1987 Figs. 40-41).

5.
Belcher Islands (eastern Hudson Bay) (Fig. 7a): Short, straight, and steeply angled prow. Vertical gunwales, flat angular bottom, strait keel line. Prow may have interior supporting block; ends of gunwales and keelson form a short projection in the stern. Also found in double-hatch form (the kayakpaakalik or pacalik), which is otherwise unknown in the East. This group is not mentioned separately by Arima and seems to be included in the previous group. The general form, the angle of the gunwales, and the structure of the bottom, however, are so different that treating these kayaks as a separate group is warranted. (Cf. Freeman 1964:68 & plates; Guemple 1967).

6.
Thule District, North Greenland (Fig. 7b): Flat bottom, flat sides due to outward leaning gunwales; profile trapezoidal. Prow short and steep, often similar in shape to group 1. Old exam​ples often have three-part angular ribs, newer kayaks also have curved ribs. The cockpit coaming, which is frequently furnished with a paddle rest plate, is often four sided with the front board shorter than the back board. Younger versions may have a rounded coaming and a separate paddle rest on the foredeck (cf. Holtved 1967:76, Fig. 53). At least the protruding stern block is used (cf. Petersen 1986a:55, Fig. 55a). This is the type that came to the district with immigrants from northern Baffin Island during the 1860’s (the Polar Eskimo did not use kayaks in the early 1800’s) and was replaced by a West Green​land type in the 1940’s. (Cf. Steensby 1910 Fig. 38; Holtved 1967:74-82; Adney & Chapelle 1964:206, 207, Figs. 199-200; Petersen 1986a:53-56).

In addition to these types, there are also specialized versions for ice edge and inland hunting which may differ substantial​ly in construction and measurements from the typical sea kayaks (cf. Arima 1987 Figs. 33 & 37). 

The Arctic Kayaks
The kayak types found in the central Canadian Arctic and North Alaska are long, narrow, and lightly constructed and have a strongly tilted cockpit and straight or positive (convex) sheer (Figs. 2a and 4a-b). The gunwales are fairly broad in the middle but narrow toward the ends. The thin, evenly curved or slightly flattened ribs are made from fresh wood. There are usually five or seven thin bottom stringers. The keelson is generally no thicker than the rest of the stringers, so the bottom profile is roundish and no actual keel is discernable. Both the single deck stringers and all the bottom stringers reach all the way to the bow and stern.

Viewed from above, the line of the gunwales is convex both at the bow and the stern, and the keel line also curves smoothly up to the ends of the frame. The bow and stern are actually often so similar in shape that only the position of the cockpit coaming shows which end is which. Some types have hornlike projections on the bow and stern; the size and shape of these differs according to the region. The cover is usually made from ringed seal skin, but inland groups also use caribou skin which is lighter though not as impermeable as sealskin.

The arctic kayaks are found in two geographically separate areas, an eastern province consisting of the coastal area between Hudson Bay and Coronation Gulf and the inland tundra of the Barren Grounds in northern Canada, and a western province comprising the area between the Canadian border and Kotzebue Sound in North Alaska. These two areas are not connected, for between them lies the Mackenzie Delta which has its own kayak type.

The structure of the actual weight-bearing frame is very similar in all arctic kayaks; however, in the Alaskan types the foredeck rises in a convex curve starting in front of the paddler’s feet while in the Canadian types it rises in a sharp concave curve directly in front of the cockpit. Many Canadian types also have a bow and stern “horn”.

The Arctic kayaks may be divided into the following groups (Map IV):

1.
The Barren Grounds and the west coast of Hudson Bay (the Caribou and Aivilik Eskimo) (Fig. 9a): Seven rectangular-profile bottom stringers, fastened on edge to give rigidity. Two-piece V-shaped masik. Long and thin bow and stern “horn”, the former horizontal and the latter angled upward. Small step at the root of the bow horn. Cover often caribou skin. (Boas 1901-07:76-78, Figs. 105, 106a & 106c; Birket-Smith 1929/I:185-189; Adney & Chapelle 1964:204, Fig. 193; Heath 1970:16-17; Arima 1975:99-130; Arima 1987:60-67, Figs. 13-21).

2.
Boothia Peninsula, King William Island, and the Back River area (the Netsilik Eskimo) (Fig. 9b): Five or seven bottom stringers grouped closely around the keelson. Short horizontal bow “horn”, almost nonexistent stern horn. Small connecting block between keelson and gunwales in the bow. Besides the usual oval cockpit coaming also a D-shaped coaming is known, and although Arima considers this an intrusive feature only adopted in the present century (Arima 1975:76) the D-coaming is already present in the Netsilik kayaks collected by Amundsen during his navigation of the Northwest Passage in 1903-05 (cf. Taylor 1974:116). The masik is in two parts and shaped like a sharp or rounded V (cf. Adney & Chapelle 1964 Fig. 194; Arima 1987 Fig. 12); the cockpit coaming is sometimes fastened to the frame, which is exceptional east of Alaska (Arima 1987:42-48, Fig. 12). Differences in the lines of the frame allow the definition of two separate subgroups:

a) Clearly positive sheer, outward-leaning gunwales, ribs almost straight at sides and bottom. Very short, “stepped” end horns. Cockpit noticeably aft. Stringers flat, fasten​ed on their side. Hull profile straight-sided, bottom almost flat.

b) No sheer, vertical gunwales. Roundly curved ribs which meet the gunwales at an angle. “Horns” longer than on the preceding type; as in the Caribou Eskimo model, the fore horn is horizontal and the aft horn rises at an angle. Thin, cylindrical bottom stringers, hull profile rounded. (Cf. Adney & Chapelle 1964 Fig. 194). Arima considers the example presented by Chapelle to be a hybrid of the original Netsilik type (subtype a) and the Caribou Eskimo type (1987:42).

3.
Coronation Gulf (the Copper Eskimo) (Fig. 9c): Three or five bottom stringers, very small or nonexistent end horns. Weakly positive sheer. High and curved but slender masik, cockpit coaming often notably high. Vertical gunwales, bottom profile flattish curve. (Jenness 1946:139-141; Adney & Chapelle 1964:204, Fig. 192; Arima 1987:28-31, Fig. 11).

4.
North Alaska (the “tareumiut” and “nunamiut” Eskimo) (Fig. 9d): Seven slatlike bottom stringers, hull lines very similar to Copper Eskimo kayak except for the convex foredeck and also the upturned ends of the Nunamiut kayaks of the inland tundra (cf. Ingstad 1954:80-81; Binford 1978:348 Fig. 7.5). The masik is curved on the northern coast and V-shaped in Kotzebue Sound and inland; according to Chapelle’s plan drawings also the foredeck bulge itself would seem to be higher and longer in Kotzebue Sound than on the North Coast (cf. Murdoch 1892:329; Adney & Chapelle 1964:200, 201 Figs. 186 & 187). In North Alaskan kayaks the cockpit coaming is often furnished with short supports connecting the sides of the coaming with the gunwales as in the ridged-decked Bering Sea types. (Cf. Murdoch 1892:330).

The Mackenzie Kayaks
The kayaks used in the Mackenzie Delta of northern Canada are short and high-sided when compared with the arctic types (Figs. 1c & 8). The cockpit is round or egg-shaped; the coaming often sags and consequently the front part curves up while the aft part is horizon​tal. The “horns” of Mackenzie kayaks are symmetrical, either short and “plug-like” or longer and sharply pointed; the latter are usually somewhat curved and almost vertical. The sheer is straight or slightly negative, the keel line likewise. The keel line rises in a sharp curve at both ends. Out of the water, the Mackenzie kayak seems to have high sides, but due to the narrow hull the actual freeboard is quite small when the kayak is afloat. (Cf. Adney & Chapelle 1964 Fig. 188; Arima 1975 Figs. 14a & 14b, Figs. 1-8).

The deck beams are often slightly curved and the deck stringers are fairly high – particularly so close to the cockpit – so the deck has a noticeable median ridge similar to that found on West and South Alaskan kayaks. There are usually three, sometimes five, bottom stringers; both the keelson and the side stringers are very thin and wide in the middle but grow narrower toward the ends. The keelson is not continuous but furnished fore and aft with separate extensions which form the “horns”. The thin willow ribs have a round or elliptical curve which is sharpest in the middle though there may be a short flat portion in the centre. (Adney & Chapelle 1964:200-202; Heath 1970:13-14; Arima 1975:80-82; Arima 1987:15-21). According to some sources, the cover was made from beluga skin (e.g., Petitot 1887:179; Whittaker 1937:173-177; cf. Arima 1975:82; 1987:13-14); however, kayaks in museum collections seem to be covered with sealskin (Arima 1987:147).

The Mackenzie Delta is inhabited by several Eskimo groups whose kayaks probably differed somewhat from each other at least as to the shape of the “horns”; however, the published ethnographic material is not sufficient for a more comprehensive description of variants (cf. Arima 1987:14).

The Koryak Kayak
The kayak used by the Koryak of the Gulf of Penshina on the northeastern coast of the Sea of Okhotsk represents an extreme example among kayak types at least as concerns measurements (Figs. 3c & 13). The Koryak kayak is not over 3 m long and only 20-25 cm high but over 60 cm wide (Adney & Chapelle 1964:195). The width/length ratio of a Koryak kayak illustrated in Jochelson’s monograph (1905-08 Fig. 83) is actually no more than 1:3.6. The hull has a very shallow draught and a slight V-profile. There is a carrying handle at the bow and stern. The weakly curved flat ribs support three similarly flat bottom stringers; of these, however, only the keelson is full-length. There are three deck stringers fore and aft, but only two deck beams.

A Koryak kayak in the American Museum of Natural History appar​​ent​ly originally had vertical supports connecting the outer deck stringers to the ribs (Adney & Chapelle 1964:195); a kayak in the Museum of Ethnography in Leningrad has a similar support between the central deck stringer and the keelson (Birket-Smith 1929:II,78). The deck beams are slightly curved, so the deck is somewhat arched both fore and aft (cf. Arima 1975:69). The cockpit is oval and very large, being quite as wide as the frame itself. It is also placed forward of the centre, which is a unique feature; how​ever, since the occupant sits at the rear of the opening (as shown by the flat “seat”) his torso is actually behind the centre line (Arima 1975:67). The example illustrated in Jochelson’s study has the aft part of the cover made from hairy skin, but no explanation or mention of the frequency of this trait is given.

Two published descriptions of the specimen in the American Museum are in conflict as regards the structure of the ribs. According to Adney & Chapelle the ribs are made from one piece (1964:195); according to Heath they are bipartite, the two halves being connected under the keelson (1970:3). Bipartite ribs are not found in any other kayak type, however, and it should be noted that Jochelson (who collected this particular example while employed by the Jesup North Pacific Expedition) makes no remark as to the structure of the ribs in his description (cf. 1905-08:540).

The Reindeer Chukchi Kayak
A drawing of a Siberian Rein​deer Chukchi kayak published by Bogoras shows a fairly short, wide, and high craft characterized by a teardrop-shaped cockpit and very steeply rising prow and stern which meet the keelson at an acute angle (Fig. 14). The gunwales seem quite stout, the ribs and string​ers fairly thin. The number of bottom stringers is not evident from the drawing but the chines on the cover suggest that three were used.

The deck is flat and there seems to be almost no sheer; the shape of the keel line is not discernable, nor is the number of deck stringers. According to the text, the cover is of reindeer skin. The stem and stern are oddly flattened; however, the drawing is not based on a full-size kayak but on a model, so the structural details and propor​tions may be faulty. (Bogoras 1904-09:135; Arima 1975:69).

The Bering Sea Kayaks
Typical features of the kayaks used in the Bering Sea area are the short, dumpy form, the high deck ridge, and the fastening of the cockpit coaming to the gunwales with slablike vertical supporters (Figs. 2b & 4c). The prow is constructed using a large separate former block which anchors the deck (ridge) stringer, the gunwales, and the keelson together; the upper part of the stern is often also a separate block. Many Bering Sea types have a carrying handle or hole in the bow and stern and a noticeably large cockpit which can, when necessary, accommodate two occupants sitting back to back. The keelson, deck stringers, and gunwales are stout and almost square in profile while the side stringers are quite thin and often round. There are usually seven, nine, or eleven bottom stringers, keelson included. The stern is flattened and rudder-like, and some models have a very pronounced positive sheer. The cover was formerly made from bearded seal skin; cur​rently sail​cloth is popular.

The kayak types used in the Bering Sea area do not differ very much in frame structure, but the differences in outward appearance – especially the form of the bow and stern – are notable. The geographical distribution and distinctive features of the five main types may be summed up as follows (Map V):

1.
The Seward type (Arima’s Bering Strait subgroup, cf. 1975:73) (Fig. 10a): Seward Peninsula and King Island. Straight or slightly positive sheer, with the sheer line curving up in the bow follow​ing the keel line. Sharp, upcurved prow. The ridge of the aft deck curves slightly down toward the stern. The cockpit is oval and fairly small. The thin ribs are bent elliptically, so the bottom profile is quite narrow. There are nine flat bottom stringers, the keelson being somewhat thicker than the rest. The King Island variant has a small hole above the prow and sometimes a thin, recessed handle above the stern. (Nelson 1899:220, Pl. LXXIX:4-5; Adney & Chapelle 1964:199-200, 198 Fig. 181). Kayaks were not used in historical times on St. Lawrence Island in the Bering Sea, but a kayak model collected there by Nelson (1899:346 Fig. 134) may indicate that the former kayak type resemb​led the Seward type. The model has a small transverse hole in the bow and stern, but it is difficult to say if these were also found on the full-size version or if they were only meant for hanging the model inside a real kayak as an amulet.

2.
The Norton type (Arima’s Norton Sound subgroup, cf. 1975:73) (Fig. 10b): Norton Bay and the south coast of Norton Sound to the Yukon Delta. Deck ridge, sheer, and keel line nearly straight, making the kayak look rectangular when viewed from the side. The prow curves up quite sharply and ends in a hooklike beak surmounted by a thin lifting handle. The stern is ​flattened and almost perpendicular; the aft end of the deck ridge forms a recessed lifting handle above the stern similar to that found on King Island kayaks. The cockpit is slightly oval and somewhat wider than the hull. There are seven bottom stringers. The sides of Norton kayaks lean outward like those of the Seward type, but the bottom of the hull is flat​ter. (Nelson 1899:220, Pl. LXXIX:3; Adney & Chapelle 1964:200, Fig. 182).

3.
The Nunivak type (Fig. 10c): Nunivak Island and the mainland coast opposite to it. Large, round cockpit, clearly "humped" gunwale line (positive sheer). Flattened stern furnished with a wide, protruding lifting handle. Mainland variants usually have a rounded, paddle-like stem with a large hole; Nunivak Island variants may also have a stem with one or two hornlike projections or a straight stem with one or two sharp "bumps" on top of the deck ridge (cf. Curtis 1930:14). In the straight-stemmed variants the stem block is not a flat board but a curved square beam with a wider portion at the bottom to support the hull stringers (cf. Adney & Chapelle 1964, Fig. 174). The stern lifting handle on some Nunivak Island types droops downward and may have a fist-size hole at the root. There are seven or nine bottom stringers, and the hull is very wide and flat. (Nelson 1899:219-220, Pl. LXXIX:1-2; Adney & Chapelle 1964:197-199, Fig. 180; Zimmerly 1978).

4.
The Bristol type (Arima’s Bristol Bay subgroup) (Fig. 10d): Bristol Bay. According to Arima, Bristol Bay kayaks have eleven bottom stringers and are heavily built (Arima 1975:73; cf. Adney & Chapelle 1964:196-197, 199). Unfortunately, he does not present a more detailed description, drawing, or photograph of the type he is referring to, for it does not appear in any other source under this name. The Alaskan collec​tion of the Finnish rear admiral Adolf Arvid Etholén
 (1799-1876, Chief Manager of the Russian American Company 1840-45) in the Finnish Natio​nal Museum contains several walrus ivory kayak models from South​west Alaska, some of which clearly represent the Nunivak type with its large stem hole; however, there are also a number of models that closely resemble a kayak illustrated by Chapel​le, which has been dubiously desig​nated as obtaining from Kodiak Island (Adney & Chapelle 1964:196, Fig. 177). Features common both to the models and Chapelle’s illustration are a flat bottom, a sharply rising hornlike prow separated from the hull by a very narrow curved slit or seam (portrayed on the models by a scored line), and a sector-shaped cutout at the base of the stern lifting handle which gives the kayaks a semblance of the Norton type. Both the models and the illustrated kayak also exhibit a very clear down​ward slope of the deck ridge from the cockpit toward both ends. The kayak illustrated by Chapelle has eleven bottom stringers. Since the models actually seem to originate from Bristol Bay
, there is a fair probability that the type in question is in fact identical to Arima’s Bristol Bay group.

5.
The Siberian type (Fig. 12): The coast of the easternmost part of Siberia. According to Chapelle the kayak used by the Siber​ian Eskimo and the Coastal Chukchi resembles the Norton Sound type but has no lifting handles in the bow or stern (1964:195). Judging from an illustration published by Bogoras (1904-09:135 Fig. 47c), the Siberian sea kayaks had a nearly perpendicular bow and stern and a large, round cockpit which was situated uncom​monly far astern. Details of frame construc​tion are not discern​ible in the drawing, but the deck ridge seems to be lower than on other Bering Sea types (cf. Arima 1975:71, 93). For some reason or other, Arima does not include this type in the Bering Sea group but sets it apart as a separate group (cf. 1975:71).

The South Alaskan Kayaks
Compared with the Bering Sea kayaks, the South Alaskan kayaks or baidarkas (a name adopted from the Russians during the colonial period) are long and graceful (Figs. 2c and 4d). These types also come in two and three-hatch versions, which are similar in basic construction to the single-hatch models. Representative features are a bifid bow, slightly concave (negative) sheer, and a shallow​ly ridged deck; the gunwales do not curve down toward the ends as in many Bering Sea types but, instead, coalesce level with the ends of the deck stringers. The keelson is much thicker and wider than the side stringers and forms a clear keel ridge in the bottom profile. The height of the keelson in a double-hatch Aleut baidarka belong​ing to the Turku Historical Museum, as measured by the author, was 42 mm., only 2 mm. less than that of the gunwales.

A two-piece stem block connects the keelson to the deck stringer and gives the stem its typical form; the block consists of a paddle-like lower fork and a flattened upper fork and has been assumed to have prevented the bow from "digging in" into the bottom of a wave (cf., e.g., Heath 1970:5). Two horizontal trian​gular supports are fastened to the sides of the stem block at the level of the deck; these serve as fastening plates for the gunwales and give the stem block lateral rigidity.

At the stern the keelson, deck stringer, and gunwales are connected to a vertical plank-like block. Depending on the shape of the gunwales, the stern is either laterally flattened or (when viewed from astern) T-shaped; in the latter case the aft deck remains wide all the way to the fore edge of the stern block. The keelson is in two or three parts; this has been thought to improve the flexibility of the hull and allow it to bend with the waves (cf. Laughlin 1980:34-36; Robert-Lamblin 1980:9). The sides of the cockpit coaming are connected either with longitudi​nal supports to the deck beams or with vertical supports to the gunwales.

The common covering material is the skin of the Steller sea lion; single-hatch models could also be covered with harbor seal skin (Robert-Lamblin 1980:8). There is a fair amount of variation in the bottom lashing. The two-hatch Aleut model in the Turku Histor​ical Museum has each rib fastened to the keelson with a separate lashing and also a separate continuous lashing on each side to attach the rib to the stringers; the lashings are made not with rawhide line but with pleated sinew and baleen strands. On the other hand, many of the wooden models in the Etholén collection have a continuous longitudinal lashing fastening the keelson to the ribs and a zigzag transverse lashing (going up one rib and down the next) on both sides fastening the side stringers to the ribs. There are also models with transverse lashings going all the way from gunwale to gunwale on one rib as they do in the Bering Sea types, as well as models with longitudinal lashings following the stringers instead of the ribs as in the flat-decked types; how​ever, this last system is atypical in ridge-decked kayaks.

The original builders of South Alaskan kayaks were the Aleuts, the Koniag and Chugach Eskimo, and later the Tanaina and Yakutat Indians. During Russian colonial times, however, multiple-hatch South Alaskan types could be found as far as Kotzebue Sound, California, and Siberia, for the triple-hatch version was the prefer​red convey​ance of colonial officials. Aleuts, with their double-hatch hunting baidarkas, were also transferred by force to other areas, including the formerly unin​habited Pribilof and Commander Islands, to hunt fur seals and sea otters which were so important to the Russian fur trade.

The original subtypes were distributed as follows (Map V):

1.
The Aleut type (Fig. 11a): The Aleutian Islands and the south​ern part of the Alaska Peninsula up to Port Möller; during the colonial period also in the Pribilof and Commander Islands. Low and narrow hull, T-shaped stern formed by L-shaped gunwales which turned sharply inward at the fore edge of the stern block. Very thin (c. 8 x 12 mm). oval-profile ribs and side stringers, keelson almost as thick as the gunwales (in the example illustra​ted by Chapelle c. 29 x 19 mm., in a single-hatch model belong​ing to the Etholén collection no less than 44 x 25 mm). Oval cockpit coaming fastened to the gunwales with short and narrow vertical supports. Several regionally diver​ging prow styles; both “horns” usually low and blunt-ended. An old model which evident​ly disappeared already during the Russian period had nearly horizontal bow horns. (Ljapunova 1964:223-242; Adney & Chapelle 1964:196-197; Laughlin 1980:34-37; Robert-Lamblin 1980:5-20).

2.
The Pacific Eskimo type (Fig. 11b): The Kodiak Islands and the south coast of Alaska from Chignik to Yakutat Bay. Laterally flattened stern similar to the Bering Sea types. Hull clearly higher and wider than in the Aleut type (Jacobi 1937:129), for both the Koniag and Chugach Eskimo and the Indians paddled on their knees (Laughlin 1962:121; Jacobi 1937:129). Cockpit usually round. Due to the width of the frame, the central cockpit in a three-hatch model (and at least in the Chugach type also the other two) was supported at the sides by longitudinal bars running from the deck beam behind the opening to the one in front. As opposed to the Aleut type, the upper bow “horn” of the Pacific Eskimo kayak ended in a sharp verti​cal projection which rose higher than the wide, paddle-like and blunt lower horn. The Chugach often used harbor seal skin also for multi​ple-hatch baidarka covers (cf. Birket-Smith 1953:45-49; de Laguna 1956, Pl. 57:6). Tanaina and Yakutat baidarkas are poorly documented, but they probably resembled the Chugach type (cf. Osgood 1937:67-69).

STRUCTURAL ANALYSIS
Theoretical Considerations
As mentioned in the section on research history, several authors have noted the existence of structural similarities between kayak types and have used these to propose “genetic” relationships. How​ever, not one of these writers has explained why the proposed similar​ities should relate specifically to ethnocultural tradi​tions instead of, for example, the effects of the physical environment. Quite often the selec​tion of features used in formulating “geneti​c” groupings does not seem to have been based on a systema​tic analysis of kayak structur​al design itself, but rather on intuition or on the chosen features’ compliance with the previously known distribu​tion of various unrela​ted phenom​ena, such as linguis​tic groups or geogra​phi​cal boundaries.

The formulation of the evolutionary theory used in this study is based on the assump​tion that the structural features found in kayaks may be divided into three functional groups – demonstra​tive, adap​tive, and configurative – on the basis of their primary “raison d’être”. The definition is purposely in the present tense, for it is usually impossible to deduce with any degree of certain​ty the actual mechanism through which a feature originally came into being. However, from an evolutionary historical point of view it is more important to be able to evaluate its relative perma​nence and typological representativeness, and to this end it is important to know, which class of phenomena it is dependent upon.

Demonstrative features are mainly social signaling systems which function through displayable symbols denoting, e.g., tribal identi​ty, social ranking, or clan affinity. Because the function of these features is informative, they are usually prominently displayed and easily read by any person familiar with the particu​lar symbolic system. However, to retain their informative value demonstrative features must be adaptable to variation and cannot therefore be functionally related to the environment, nor can they be expected to remain unchanged for any greater length of time. Although demon​strative features thus are clearly culturally specific, they usually reflect phenomena of chronologically and spatially limited scope which have little effect on the main course of developmental history.

Adaptive features are connected with cultural ecological phenome​na such as the availability of raw materials, the demands of the phys​ical use environ​ment, and exploitative specialization. Many adaptive features are answers to specific practical problems relating to factors such as the immediate use environment – the waves, the ice, the wind – and various other phenomena affecting use, such as the behaviour of important prey species.

It is fairly common for the kayak builder/user to be conscious of the functional value of a problem-specific adaptive feature and to be able to explain why the feature appears in a specific form. Because adaptive features are products of their histori​cal users and areas of distribution, they reflect the adaptation of the users to their present environment but reveal very little about the prehistory of the kayak types or their users, i.e., about events preceding the develop​ment of the historical situation.

Configurative features are usually not connected with recognized problems but rather form an a priori basis – a configurative mental image (a "template", if you will) of the kayak as a "thing" – to which the demonstra​tive and adaptive features are applied; in other words, the function of configurative features is to form a basic blueprint from which various specialized types may be developed.

Such features can often be connected with long-term ethnocul​tural traditions, i.e., their distribution reflects macro-level ethnocul​tural events such as the spread of peoples, cultures, and techno​complexes. Consequently, they may have originated in areas far removed from where they were found in historical times. To be able to cross environmental borders and to remain unchanged through local environmental fluctuations such as climatical shifts, these features must be relative​ly independent of natural phenomena, so their distribution in principle cannot directly reflect either current or former adap​tive processes.

The most widespread configurative features of kayaks are those which are universal and thus form the basic definition of a kayak: the covered deck, the self-supporting frame, one pair of gunwale strakes, etc.. However, the configurative features more interes​ting from an analytical point of view are those which represent alterna​tive solutions to structural problems which are common to all kayaks, such as giving rigidity to the frame and supporting the bottom cover. It is these features which make it possible to trace lines of historical development by tying together types (which may have diverged under the influence of environmental and other external factors) into configurational groups in the same way one can use primary physical features to tie together diver​gent species of specialized animals into genera deriving from a common ancestor.

The spatial behaviour of the phenomena affecting the occurrence of the different classes of features varies notably, and because it is also probable that the distribution of the affecting phenomena is reflected in the distribution of the features them​selves, the func​tional classification of features may be presumab​ly deter​mined by analyzing their distribution and especially the coincidence of struc​tural borders with changes in various environ​mental and social phenomena. Considering the spatial behaviour of the effec​ting phenomena, we may expect the features belonging to the main functional groups to occur as follows:

· Demonstrative features act as emblems of units with fairly limited areal ranges, such as social or political groups. They may thus be expected to vary within culturally and environment​ally homogene​ous areas, i.e., they may be termed regionally heterogeneous. On the other hand, the features are usually also limited to that area, i.e., they are regionally unique.

· Adaptive features represent adaptations to specific surround​ings and tasks, and may consequently be expected to react to changes in the environment, subsistence technology, or subsis​tence econo​my, but not necessarily to ethnic, social, or politi​cal boundaries. Adaptive features can be regionally heterogene​ous like demonstra​tive features because they may relate, e.g., to different types of specialized use within the same area. On the other hand, they may also appear in similar form in geographi​cally separate areas due to similar environmental conditions and use needs. Thus, they are not regionally unique.

· Configurative features are not dependent on social or environ​mental factors and thus usually have distributional areas which are large and continuous but may display a wide range of envi​ronmental variation. The distributional limits may be connected with present or former cultural or ethnic boundaries. Occurrence is usually regionally homogeneous and exclusive, i.e., mutually exclusive alternatives do not occur contemporane​ous​ly in the same area. Like adaptive features, configurative features are not region​ally unique; however, their appearance in two separate areas is not tied to environmental or other external similarities.

These formulae are hypothetical and derive – as stated – from the assumed spatial behaviour of the influencing factors, i.e., from the contexts of occurrence of the features themselves. Whether or not they actually work may be best ascertained by looking at a few features which fulfill the conditions set forth in the formu​lae but whose context may also be determined through ethno​graphi​cal and historical data.

- Demonstrative features
One group of demonstrative features that is fairly well docu​men​ted ethnographically comprises the various types of bow forms of the Bering Sea and South Alaskan kayaks. On politically unified Nunivak Island the different bow forms serve to denote, for example, the owner’s age and matrimonial status (cf. Lantis 1946:168, 249), while on the mainland, where tribal boundaries are pronounced, they function as regional emblems. That the outward shape of the bow in this case is clearly independent of external physical factors is evident from the fact that the different models are all used for identical purposes in identical circumstances; also, the range and scale of variation is so large that it is impossible to define an “original” type.

Similar regional variation may be noted in the “horns” of the Arctic types, which are also found in an area where the environ​ment, language, and culture are all very homogeneous but where the regional “tribal” groups are nevertheless clearly defined. On the other hand, the variation in the bow profiles of the East Canadian kayaks is not necessarily purely demonstrative, for this area also exhibits a fairly large amount of variation in environmental and use contexts.

- Adaptive features
Next to the range of raw materials and the thickness of the struc​tural parts, one of the most important complexes of adaptive features compris​es the exterior measurements of the kayak hull. As mentioned in the typological section, hull width in, e.g., Green​land and East Canada is consciously modified according to the proposed use context, and it is thus quite probable that also the differences between main regional groups in hull proportions are at least partially due to practical considerations related to use and environ​ment.

The effect of use conditions and hunting techniques on hull propor​tions can be seen in the length and width measurements of the regional groups which dis​play several envir​onment and use related tendencies (cf. scatter diagrams a & b and appendix):

· Kayaks used in scattered floe ice (e.g., eastern Hudson Bay, Bering Sea, Koryak) are usually short.

· Kayaks used mainly in open water (e.g., Labrador, Baffin Island, South Greenland, South Alaska) are often long.

· Kayaks used in seal and walrus hunting where the hunter waits for the quarry to approach or tries to sneak up on it unobserved (e.g., Greenland, East Canada, Bering Sea, Koryak) tend to be fairly wide.

· Kayaks used in caribou, beluga, and sea otter hunting where the quarry is pursued before being struck (e.g., the arctic caribou kayaks, Mackenzie, Aleut) are usually quite narrow.

The reasons for variation in hull length are clear: the long hull is faster and easier to hold on course and is thus better in open waters, while the short hull is structurally sturdier and more maneuverable and thus more useful in the ice leads, especially as it is also easier to lift over the floes when necessary. Hull width, on the other hand, does not seem to depend on the environ​ment but rather on the hunting method. Open water sealing often means waiting or approaching by stealth, because a quickly swimming and diving seal is very difficult to chase; the catch must also frequently be trans​ported a long distance either on deck or in tow (Birket-Smith 1924:318-320; Gad 1984:110-111). The stabil​ity provided by a wide hull is useful when the hunter must try to stay immobile for long periods of time, and both the stability and the greater buoyancy are assets in transporting the catch. The success of a chase, on the other hand, depends on speed, and as there is furthermore no need to transport the catch on deck in either the reindeer hunt or the beluga hunt, no excep​tional stabil​ity or buoy​ancy is required and the hull may conse​quently be made as narrow as possible to cut down drag and weight (cf. Arima 1975:99-100; 1987:60).

- Configurative features
A good example of a configurative feature – or rather a complex of features – is the occurrence of a kayak type belonging to the East Canadian group in North Greenland. In this case, the reason for the occurrence is an historically known case of culture contact, i.e., the migration of a group of Baffin Island Eskimos to Green​land in the 1860’s. It should be noted that the old Canadian-type North Green​land kayaks were on average clearly shorter than the actual Baffin Island kayaks because the ice conditions were differ​ent; also, the structure of the ribs was different, owing at least in part to a dearth of suitable raw material. In spite of these adaptive modifications, however, the North Greenland kayak retained all the typical features of the East Canadian kayaks – the single deck stringer, the flat bottom structure, the simple end construction, the D-shaped cockpit coaming, and the wedge-like hull form – up to the time when a new contact phase with West Greenland introduced a new type of basic frame structure.

The Configurative Groups
As may be concluded from the above, many of the diagnostic feat​ures of the various regional kayak type groups – such as special structural details and measurements – have demonstrative or adaptive functions and consequently do not reflect the developmental history of the type as a cultural trait but rather the adaptation of the kayak to changes in various social and environmental phenomena. The definition of a permanent configurative feature is, in fact, best met by certain compound structural features of the frame, such as the deck and bottom structure, which due to their primary nature most easily become unconscious “idées fixes”, established configura​tive assumptions which can only be changed through strong intrusive impulses.

If it is possible to divide the different kayak types into “genetic” groups which reflect their true historical evolutionary relationships and the ethnocultural events which caused the spread and develop​ment of the types, this is best done specifically on the basis of the configurative compound structural features. We must, however, take into account the fact that each kayak type contains several such compound features and that not all of these are equally old. It would thus be a mistake to assume that the whole history of develop​ment could be reflected by the complex of features found in any existing individual type.

John Heath has divided all kayak types into two families according to the following criteria:

- Kayaks of the ridged-decked family (the Bering Sea and South Alaska types) have the cockpit coaming permanently attached to the frame, V-shaped deck beams, narrow gunwales, transverse bottom lashings, and a cover which is sewn together on the frame and goes over the cockpit coaming.

- Kayaks of the flat-decked family (all other types) have a separate “floating” cockpit coaming, straight deck beams, wide gunwales, longitudinal bottom lashings, and a cover which is sewn together beforehand and fastened to the cockpit coaming from underneath. (Heath 1978:22-24).

Unfortunately, Heath does not explain in his paper why specifi​cal​ly these features and these alone are crucial, and why, e.g., several structural features which are found in all ridged-decked types and in many but not all flat-decked types are not. The systematic weak​ness with Heath’s families lies in the fact that the division is not based on an impartial analysis of all features but rather on a kind of in-group/out-group classification dominated by one specific feature complex.

Heath appears to have begun his classification by forming one exclusive family (the ridged-decked kayaks) and defining as its features all those which separate the ridged-decked types from all other kayaks; most of these features are naturally connected specifi​cally with the deck structure. The other family, the flat-decked kayaks, remains in effect an out-group, the inner varia​tions of which Heath does not consider. This is demonstrated, e.g., by the fact that while Heath notices differences in bottom lashing direction, he does not consider the differences in bottom stringer construction. This does not vary between the ridged-decked kayaks and their closest flat-decked neighbors, but does present substan​tial variation within the flat-decked family.

In ridged-decked kayaks, the structural function of the deck struc​ture is totally different from that of the flat-decked kayaks. In the flat-decked types, the deck beams give transverse support to the gunwales, but the deck stringers which run over them only support the deck cover while the weight of the hull rests mainly on the wide gunwales. Because of their thinness and geomet​rical position, the actual load-bearing function of the deck stringers is very limited, a fact amply demonstrated by the Greenlandic custom of deleting the aft deck stringers completely. As structural concerns thus do not limit variation in the deck structure, several different patterns are to be found in the flat-decked types.

In the ridged-decked types, on the other hand, the deck or ridge stringer, which is supported by the V-shaped deck beams, forms a structural bridge which supports the ends of the frame and pre​vents the hull from sagging. Because the rigidity of the hull is thus achieved through structural geometry, the gunwales are stressed less than in the flat-decked types and may conse​quently be made thinner and lighter without affecting the structu​ral strength of the frame.

The use of this bridge construction on the kayak has, however, one drawback: in order to be rigid, the bridge should form a con​tinu​ous span from bow to stern, but since the occupant sits on the center​line the deck stringer must be cut at the cockpit. This problem has been solved by using a very sturdy cockpit coaming which is fastened permanently to the frame between the ends of the fore and aft deck stringers and thus forms a structural part of the span.

The fastening of the coaming to the deck stringers unfortunately also has the effect of lifting the coaming above the gunwales and rendering it prone to wobbling; this is countered by adding supports to the sides of the cockpit. Since the coaming is now permanently lashed to the frame at four points, it is obviously more practical to draw the cover over the coaming since drawing it under the coaming would require cutting holes at the connec​tion points.

From the above it is evident that four of the six features used by Heath for classifying kayak families actually form – specifically in the ridged-decked in-group – a functional complex where the various sub-features are all dependent on one another and which should thus in fact be considered only as one feature. The mechan​ical integrity of the ridge-type structure is also reflected by the limited amount of variation: the steepness of the ridge changes somewhat from type to type, but the structural form itself is almost identical in all ridged-decked models.

The two other features used to define the ridged-decked family are much more suspect. As mentioned in the introductory notes on structure, Heath’s assertion that the cover was sewn together on the frame is not supported by published accounts, and the presence of the hidden tightening lashing in the Aleut kayaks proves that the cover was sewn together first and only then stretched onto the frame. The question of the transverse bottom lashings is also not all that straightforward in South-Alaskan types: both models and full-size examples exhibit longitu​dinal keel lashings and the trans​verse side lashings are either separate for each end of every rib or form a continuous zigzag pattern, running up one rib and down the next but stopping short of the keelson. It seems that Heath formed his view of the bottom lashing of ridged-decked kayaks solely on the basis of Bering Sea types and assumed that South Alaskan kayaks are similar because they also have a similar deck. Thus, the "ridged-decked family" is actually based on a single structural feature, i.e., the ridged deck structure; the other proposed diagnostic features are either direct corollar​ies of the first, false general​izations, or unfounded asser​tions.

The exclusive nature of Heath’s family division is also evident from a more thorough analysis of the flat-decked out-group. This family is in fact not at all as uniform in structure as the ridged-decked in-group, and the definition of, e.g., the diagnostic features of the deck structure solely with a mind to demonstrating the exclusivity of the ridged pattern leaves unconsidered several features which distinguish flat-decked types from each other but either are not unique to the ridged-decked types or do not appear in them at all.

Heath has also proposed that the Koryak and Greenland kayaks might be “genetic” relatives because both have multiple deck string​ers and three bottom stringers. In addition, the peripheral distribu​tion of these types has prompted Heath to assume that these features are especially old and represent an “archetype” of the kayak. This hypothesis also has various problems which derive on the one hand from the unnecessarily vague classification of deck structure types and on the other from the definition of the “arche​type” specifically as a combination of two structural pat​terns.

The proposition that Greenland and Koryak kayaks are genetically similar because both have multiple deck stringers does not seem convincing because the actual deck structure in these types is very different. In Greenland kayaks the deck stringers – be there two or three – are equally long; they are also truncated and fastened only to the deck beams, not to the gunwales. In the Koryak kayak the long central deck stringer extends all the way to the bow and stern respectively, while the shorter side deck stringers are fastened at one end to a deck beam, at the other to the gunwale.

The essential configurational difference between these two pat​terns is that the Greenland kayak retains no trace of the full-length median deck stringer typical of all other types while the Koryak kayak is basically a median-stringer kayak with additional side deck stringers. Both types also present possible external reasons for using a multiple-stringer pattern: the Greenland kayak complex includes an exceptionally large selection of complimentary equipment (weap​ons, line rack, ice scrapers, etc.) most of which is carried within easy reach of the hunter on the portion of the deck supported by the stringers. The Koryak kayak, on the other hand, is exceptionally wide and the deck cover also needs more support from the stringers because there are only two deck beams.

Heath’s other “archaic” feature, the triple-stringer hull, is not found only in Koryak and Greenland kayaks but also in all East Canadian types, and its distribution in the east is thus actually quite wide and homogeneous. This fact, however, is not mentioned by Heath, apparently because the East Canadian types have a single deck stringer and do not thus conform to his idea of the “archaic” type. The three-stringer construction, at least in the eastern area, is clearly not a demonstrative or adaptive feature since it is regionally homogeneous and appears in both sea and river kayaks, in open water and among the floes, in both seal and caribou kayaks, and even in a double-hatch traveling kayak. Judging by its distribution as well as its basic structural nature, the three-stringer con​struction clearly answers to the description of a configurative feature.

Another feature connected with hull construction that Heath does not consider at all is the multiple-stringer construction found in the Bering Sea, South Alaska, and Arctic types. This feature is also clearly independent of external factors as it is found both in inland caribou kayaks and open sea kayaks; however, it is of no importance to Heath’s preconceived division since its distributional borders do not coincide with those of the ridged and the flat deck.

The hull structure is clearly not affected by the deck structure, for the three-stringer hull is found with both single and multiple stringer decks and the multiple stringer hull with both the ridged and the flat deck. The three-stringer hull is not found combined with the ridged deck nor the multiple-stringer hull with a multi​ple-stringer deck, but this is probably due rather to the separateness of their respective distribution areas than to any structural reason.

 Just as there is no change in the hull struc​ture at the distributional border between the ridged and the flat deck, there is also no substantial change in the deck structure at the border between the hull structure types. The Arctic types do exhibit a clearly less robust masik and a steeper cockpit angle than do the East Canadian types, but these are clearly adaptive features: the tilted coaming allows a necessarily quick entrance into the cockpit of the fairly cramped caribou kayak, and the use of a heavy paddle supported on the coaming is not necessary or even advantageous in inland waters. Considering the fact that neither type of hull structure seems to be of itself connected with external factors, the distributional border between them is all the more interesting because it coincides with a clear environmen​tal bound​ary.

As mentioned above, the multiple-stringer hull is found in Alaska both in sea kayaks and in caribou kayaks. In Canada, however, it is only found in caribou kayaks while all Canadian sea kayaks are of the three-stringer pattern. It is difficult to offer any functional explanation for this phenomenon since the three-stringer structure is not necessarily mechanically superior to the multi​ple-stringer hull but rather quite the opposite. Being structurally more simple, the three-stringer pattern also gives the impression of being older. Therefore, it would seem that the “division of labour” bet​ween the three-stringer and the multiple-stringer hull in the Canadian Arctic is more likely the consequence of – rather than the reason for – the patterns’ geograph​ical distribu​tion.

Since the supplanting of an existing multiple-stringer sea kayak with a struc​turally inferior three-stringer design seems improbable, it would seem more logical to assume that the multiple-stringer type was the later to arrive, probably from the west (judging by its historical distribution), and specifically in the guise of a caribou kayak. This new type may have supplanted any previous three-stringer caribou kayak types west of Hudson Bay, if any such types indeed existed, but the three-stringer construction nevertheless remained in use in sea kayaks in areas east of the eastern limit of the multiple-stringer type. This hypothesis, however, does not yet explain why the spread of the multiple-stringer pattern should have stopped specifically at an ecological border, nor why the feature was not incorporated into the eastern sea kayak types al​though there should have been no cultur​al or technical restraints.

The Relative Ages of the Deck and Hull Patterns
In flat-decked kayaks there is no structural difference between fastening the cover to the cockpit coaming from below or above, for the coaming is not an integral part of the frame and the fastening methods themselves do not differ in complexity to any significant extent. On the other hand, the internal method (bring​ing the cover over the coaming) is connected specifically with the integral coaming found on ridged-deck kayaks. Since flat-decked kayaks almost univer​sally employ the external method (bringing the cover up inside the coaming), the ridged deck would seem to be a later development; otherwise we would expect the internal fasten​ing to be commonly found also in flat-decked kayaks from areas not adjacent to the deck pattern border.

Another feature pointing to the relative lateness of the ridged structure is the pattern’s complexity. The ridged structure itself, the corollary thin gunwales, integral coaming, and sepa​rate bow and stern blocks form an integrated feature complex whose structural parts are dependent on each other; nothing like this construction is found on any other type of vessel. On the other hand, the only essential parts in the flat deck structure are the straight deck beams which function as spreaders of the gunwales and are also found in many open boat types; the deck string​ers fastened on top of the deck beams are basically nonessential. Their sole function is to support the deck cover in situations of exceptional stress. The frame structure of the flat deck pattern with its wide gunwales is thus probably a carryover from a preced​ing undecked boat type while the ridged deck structure must clearly have come into use only after the invention of the fully covered deck as it is improba​ble that the essential integral coaming should have been used in an open boat.

The ridged deck pattern may also be younger than the multiple-stringer hull, for its area of distribution is much more limited. Since – with the possible exception of the bottom lashings – there are no differences between the Arctic types and the ridged-decked types that cannot be attributed to the ridged deck complex itself, it is conceivable that the ridged deck originated and spread as an inde​pendent feature complex within the formerly homogeneous flat-decked, multiple-stringered group. The Arctic types would thus represent a pattern which was formerly common also in West and South Alaska and which formed the basis from which the ridged-decked pattern was later developed.

The hull structure would thus belong at least in ridged-decked kayaks to a stratum of structural features older than the deck pattern, and as the three-stringer hull pattern seems older than the multiple-stringer pattern we might discern at least three basic structural types of different age. The oldest stratum would be represented by the flat-decked, three-stringered pattern which is found in the East Canadian and Green​landic types and the Koryak kayak, possibly also in the Reindeer Chukchi kayak. The next oldest pattern would be the flat-decked, multiple-stringered type repre​sented by the Arctic types. The youngest structural type would be the ridged-decked, multiple-stringered pattern found in the Bering Sea and South Alaskan kayaks.

KAYAK TYPES AND ARCHAEOLOGY
The Multiple-stringered Types
- The Arctic group
The round-bottomed, flat-decked structure of the historical Arctic types has a long history in the Bering Sea area and in North Alaska. The oldest currently known kayak models are from the Miyowagh site on St. Lawrence Island (Collins 1937:159, Pl.59:1) and the Ekven cemetery on the Chukchi Peninsula (Arutyunov et al. 1964:344 Fig.7), both sites belonging to the Old Bering Sea culture which dominated the Bering Strait area c. 0-800A.D.. These models are round-bottomed and flat-decked, as are also models both from the Punuk culture which developed from Old Bering Sea c. 800 A.D. and from the Birnirk culture which arose in North Alaska c. 500 A.D. (Figs. 17a & b; cf. also Collins 1937:245, Pl.83:5). The humped foredeck typical of historical North Alaskan kayaks (any more than the actual ridged deck) does not yet seem to have been in use in the area at this time.

The historical Eskimo cultures of North Alaska, Canada, and Green​land are currently considered descendants of the Thule culture, which developed in the 10th century in North Alaska from Birnirk through Punuk influ​ence and spread east through a rapid migra​tion. Like Punuk, the Thule culture specialized in hunting large baleen whales with the umiak, a large open skin boat which, due to its large cargo capacity, could also func​tion as an effi​cient means of transportation and speed the spread of the culture. On the north coast of Alaska the whaling-based Western Thule culture contin​ued until the early 1900’s, but on the arctic coast of Canada con​tacts started to decline soon after the expansion as whaling lost import and the umiak went out of use. After settling down, the ancestors of the present Copper, Netsilik, and Iglulik Eskimos gradually formed distinct cultural groups; however, their common heritage was still evident from many implement types which still followed the Thule patterns common to all Eskimo groups in North Alaska and Canada.

The kayak type used by the Thule people seems to have been closely related to the earlier types of the Birnirk and Old Bering Sea – Punuk cultures. Drawings on a Thule drill bow found in Arctic Bay, Baffin Island, portray several flat-decked kayaks with bow and stern "horns" apparently pursuing a swimming caribou (Fig. 16a); a similar kayak type is represented by a model found in North Green​land (Holtved 1944:230-232, Pl.49:25), possibly also a drawing on a bone implement from Cape Krusenstern, Alaska (Giddings 1968:91 Fig.24d). “Horns” may already have been used on Birnirk kayaks as their wooden formers have been found at the Birnirk type site in North Alaska (Fig. 15a).

Arima has traced the form and structure of the Caribou Eskimo kayak back through Thule to Birnirk and Old Bering Sea (Arima 1975:53, 87-90), and it is quite evident that in fact the whole Arctic group with its multiple stringer hull structure and symmetri​cal form derives from the Thule type as the group is structurally so homogeneous that the various types must have a common origin. The geographical distribution of the group also points toward a Thule origin as it comprises both the “original Thule homeland” in North Alaska and Central Arctic Canada, where the Thule culture spread into a practically empty land and where outside influences were thus at a minimum.

- The ridged-decked group
It is not possible to follow the South and West Alaskan ridged-decked types very far back in time, for there is a dearth of archae​ological material. The oldest currently known kayak find of the ridged-decked type is from continental Alaska south of Seward Peninsula, more specifically from the Nukleet site in Norton Bay. A portion of the dwelling site dated to the 1400’s produced, among other things, a bifurcate bow piece and two V-shaped deck beams (Fig. 15b). The kayak from which these parts derived was very close to the histor​ical Norton type, although the shape of the stern is unknown as no stern parts were found (cf. Giddings 1964:83).

The oldest kayak finds from South Alaska are somewhat younger. The pre-contact site Kar-716 on Kodiak Island has produced two gunwale fragments. These are fairly narrow and thin, and both have a series of elongate holes placed c. 4" apart on one side, apparent​ly for morticing in the ribs (Clark 1974:93-94, Pl.18:C-D).

A prehistoric kayak find from Palutat Cave in the northern part of Prince William Sound comprises a gunwale broken into three pieces, a wooden bar thought to be a ridge stringer, 11 possible ribs, a single-bladed paddle, and several paddle fragments. The gunwale is somewhat thinner than those from Kar-716 but the distance between the rib mortices is similar. The find also contained a thin, triangular wooden beam c. 8’ 9" long, which was thought to be part of the keelson of a two-hatch baidarka (de Laguna 1956:245-249). The Palutat find presumably dates to the later prehistoric or protohistoric period (de Laguna 1956:65), i.e., to the 17th or 18th century.

The length of these two kayaks cannot be determined because the gunwales were fragmentary, but the relative thinness of the members indicates that both boats were fairly small and probably single-hatch. The thinness and fragility of the gunwales also suggests that the boats had ridged decks since such flimsy gunwales would not have given a flat-decked kayak sufficient rigidity; however, we have no decisive proof of this feature since no deck beams were found. Unfortunately, neither find con​tained bow or stern parts, making comparisons with historical South Alaskan types impossible.

Although the Nukleet find shows that the ridged deck and the associated bow block reached the northern limit of their distribu​tion already by the 15th century, the ridged deck has been assumed to have spread into western Alaska at a fairly late date (Arima 1975:93). There is no direct evi​dence of kayak use in the Norton culture (c. 500 B.C. – 1000 A.D.) nor in the preceding Choris culture (c. 1000 B.C. – 500 B.C., beginning possibly as early as 1500 B.C.) but judging from dwelling site finds, the Norton people seem to have practiced open-water sea mammal hunting quite actively. The Norton populace could thus be assumed to have used at least some type of seawor​thy hunting boat, most likely of the kayak type since the umiak was not used for hunting in West Alaska even in the historic period (cf., e.g., Lantis 1972:45) and other sea boat types are not known from the area – in fact, even in North Alaska, the use of the umiak as a hunting boat does not seem to have begun before the Punuk culture started to use it for whaling in the 9th century A.D..

Old Bering Sea, as a coastal and insular culture, was totally dependent on sea mammal hunting, and the kayak must consequently have figured in its repertoire of hunting gear right from the start. The origin of the Old Bering Sea culture is still unclear, but it has been seen as developing from Norton (W. Workman 1982:115-116). If this is true, we may assume that Norton used a flat-decked kayak type at least up to the beginning of the Chris​tian era (the divergence of OBS), since Old Bering Sea would probably have used the ridged-decked pattern if it had been previ​ously present in Norton.

Certain younger kayak models seem to suggest that the ridged deck was adopted on St. Lawrence before the use of the kayak ceased on the island during the late Punuk phase (cf. Geist & Rainey 1936:123, Pl.32 Fig.4; E.W. Nelson 1899:346 Fig. 134). However, if it actually did get to St. Lawrence, the ridged deck must first have spread over the Bering Strait to Siberia since the permeability of skin boat covers probably made sailing direct​ly from St. Lawrence to the West Alaskan coast impossible (cf. Rainey 1941:463) and there were consequently no direct con​tacts between these two areas before the historical period. It might be noted in this connection that though the kayak shown in Nelson’s drawing is, according to the text, “from St. Lawrence Island, and is representative of the boats used at that place” (Nelson 1899:347), according to Geist and Rainey (1936:121, 123) the St. Lawrence Eskimo in the 1920’s and 30’s no longer used kayaks, nor did they even remember them having been used, which seems odd if they still were using them when Nelson visited the island some 40 years earlier. Nelson seems to have stayed on St. Lawrence only for a short time collecting specimens and did not study the living culture to any notable extent (cf. Nelson 1899:21), so the absence of the kayak may have escaped him. Nelson’s model kayak represents a typical Seward kayak with the sharp, upturned bow and the kinked, sloping stern ridge, and the model seems to be new and in good condi​tion. It is not impossible to think that the St. Lawrence Eskimo, who derived an important part of their trade income from selling walrus ivory carvings to passing ships, could have borrowed the pattern for their “tourist carvings” of kayaks from the Seward Peninsula Eskimo if they did not have a type of their own. The use of foreign patterns in carvings meant for the tourist trade is well documented especially from the Seward Peninsula area (cf. Ray 1980), and judging from their large number in the Etholén collec​tion, kayak carvings seem to have been popular items already in Russian America in the mid-1800’s.

Judging from its historical distribution, the ridged deck probably spread to West Alaska from the south, i.e., from the Aleutian Islands or the Kodiak – Alaska Peninsula area. Since the structural function of the ridged deck is to prevent the frame from sagging in a swell, it may be assumed to have developed specifically in the sea kayak, in which it is still solely found. Sea mammal hunting held a central position in South Alaskan coastal cultures very early on – in the Ocean Bay I culture of Kodiak and the east coast of Alaska Penin​sula c. 4000 B.C. and in the Paleo-Aleut culture as early as 6700 B.C. – while the younger West Alaskan paleoeskimoid cultures such as Denbigh (from c. 2200 B.C.) and Choris still represented a dualistic coastal-inland foraging strate​gy. Norton is the first culture in this line to be considered a developed maritime hunting culture, and the Norton expansion to, e.g., Nunivak Island and North Alaska has been seen as a consequence of the adoption of efficient maritime hunting techniques and technology, possibly from the contemporaneous South Alaskan cultures (cf. Dumond 1972:41).

Although there is no archaeological kayak material older than the previously mentioned finds from Kar-716 and Palutat, ethnographic information suggests that sea kayaks have been used in South Alaska for a very long time. Especially in the Aleutians, institutions such as open sea navigation, kayak hunting techniques and technol​ogy, magical rights and taboos related to kayak hunting, and of course the construction of the kayak itself were highly developed. Geological studies have prompted the opinion that the Paleo-Aleutian culture must have used seawor​thy boats, since the original spread of the culture into the archipelago would otherwise have been impossible (Black 1974:126, 139; Aigner 1976:42). Faunal remains from prey species living only in the open sea suggest that the Aleuts were already practicing open sea kayak hunting during the earliest Anangula phase (Laugh​lin 1980:34). On the Alaska Peninsula, boats are presumed to have been used for open sea hunting during the Takli Alder phase (c. 4000-2500 B.C.) because faunal remains include such species as cod, halibut, sea otter, porpoise, and albatross (Dumond 1980:30). The sea kayak or some similar craft may thus have been in use in South Alaska at a very early date indeed, for – as mentioned above – open skin boats have not been used in historical times as actual hunting craft in West or South Alaska.

- The Mackenzie group
The Kittigazuit site in the Mackenzie delta has produced kayak parts which date to the 15th or 16th century A.D.. The find collection includes two wooden end “horns”, one (straight) deck beam, and a portion of a very thin (48 x 6 mm) board which has been identified as a possible bottom stringer fragment. The shape and measurements of the fragments are reminiscent of the historical Mackenzie type with its curved horns and thin, wide bottom stringers (McGhee 1974:54, 84).

Kittigazuit is a coastal site, and the major part of its faunal assem​blage (79%-87% depending on the stratum) is beluga; the next most common species is the caribou (7%-17%), while seal accounts for less than 3% in all strata (op. cit.:34-35). The subsistence system of the local historical Kittegaryumiut Eskimo – which was based on massive beluga drives – seems thus to derive at least from the 15th century, and the Mackenzie type kayak may have been used already at this time specifically for beluga hunting (op. cit.:92). The meager amount of seal in the faunal material is also concurrent with the historical situation: due to the produc​tive beluga drive system, seal hunting does not seem to have played any notable part in the economy; in addition, we may assume that at least a part of the recovered seals were originally caught on the winter ice.

The permanent log house villages and high population density of the Mackenzie Eskimo – both unique among Canadian Inuit – have been considered to be linked specifically to the efficient mass hunting of beluga. Very little is known about the history of the Mackenzie Delta people before the beginning of the "beluga period" in the 15th century; even the connection with the Thule culture is unclear. Though the finds from the beluga period do contain several artefact types of Thule and the preceding Birnirk culture (especially harpoon heads), McGhee sees the finds as being charac​terized by the flavour of an independent local culture with possible influences from West Alaska (McGhee, op. cit.:92-93; 1976:190-191). 

On the basis of his typological analysis, McGhee considers it possi​ble that the ancestors of the Mackenzie Eskimo represented a pre-Thule inland population which was only superfluously affected by the Thule expansion but had older, more permanent connec​tions overland with the West Alaskan cultures, especially Norton (loc. cit.). 

Thus, though the Mackenzie kayak or its typological predecessor may have been used for beluga hunting only since the middle Thule period, it is quite possible that several of the features which distinguish the Mackenzie kayak from the Thule-derived Arctic types (e.g., the elevated deck stringer and the unique bottom construction) may actually be derived from an older type which was used by the original​ inland population and which may also have absorbed some Norton features. McGhee has actually also proposed that the Mac​kenzie kayak may have diffused to its present area as late as the 1300’s directly from West Alaska (Arima 1975:91), but the structural differences between the Mackenzie type and the 15th century find from Nukleet mentioned above are so great that this explanation does not seem very probable.

The Three-stringered Types
- The East Canadian group
The origin of the East Canadian and Greenlandic three-stringered types is also somewhat unclear as, according to present data, the angular-hulled three-stringer construction does not seem to have appeared in Alaska either in historic or prehistoric times. The presence of the pattern in the Koryak and also possib​ly the Reindeer Chukchi kayaks could indicate that it was formerly also known on the eastern side of Bering Strait; so far, however, no concrete evidence of this has been forthcoming. As noted above, both “forefathers” of the Thule culture – Punuk and Birnirk – seem to have used round-hulled multiple-stringer pattern kayaks, as did also Thule itself during the classical phase both in Alaska and in Canada. It is thus quite improbable that the triple-stringer pattern could have been imported to eastern Canada by the Thule people. It is also equally difficult to imagine that the triple-stringer pattern could have developed from the struc​turally superior multiple-stringer pattern used by classical Eastern Thule: if classical Thule was still using the multiple-stringer pattern in its caribou kayaks, why should only its sea kayak type have degenerated to a more primitive three-stringer type? The possibility that post-expansion eastern Thule adopted the three-stringer pattern sea kayak as a complete imple​ment from some other culture seems a more reasonable scenario; however, this raises the question, who could the original users of the three-stringer type have been and what kind of process could have led to the adoption?

The nearest neighbours of the classical phase Thule people in East Canada were the Indians and the Dorset people. Adopting a new sea kayak type from the Indians seems unlikely, for the only truly maritime Indian culture known from the area – the Maritime Archaic – had disappeared some 2500-3000 years before the Thule expansion (cf. Tuck 1975:94; Fitzhugh 1972:163) and the Indians of northeastern Canada during the Thule period were mostly inland caribou hunters. The exception was the so-called Point Revenge com​plex, dating from c. 500 A.D. on the central Labrador coast, which had a coastal-inland subsistence cycle and possibly practic​ed maritime hunting; however, the Thule culture seems to have spread to the Point Revenge area only in the 16th century or c. 300 years after the end of the classical phase (cf. Fitzhugh 1972:127-8, 132-3, 135, 155-7, 159, 162, 164, 167, 195). At this time, the three-stringer pattern was already in use in the eastern Thule sphere all the way to Greenland. Also, there is neither ethnographical nor archaeological evidence that the Canadian Indians ever used kayaks; during historical times all East Canad​ian Indian tribes used open bark canoes.

A much more probable source is the Dorset culture, which like Thule was an Eskimoid maritime culture. Some time in the third millennium B.C. a branch of the West Alaskan ASTt complex
 known as Indepen​dence I migrated to the Arctic Archipelago and northern Greenland; its successors Independence II, Sarqaq (in Greenland), and Pre-Dorset spread south, and from them sprung the actual Dorset culture during the early part of the last pre-Christian millennium. At its largest, the area of the Dorset culture reached from Banks Island to central East Greenland and south to Newfound​land; by the time of the Thule expansion, however, this realm had shrunk and the Dorset settlements had apparently totally disap​peared from New​foundland and Greenland (Map VII).

Dorset was originally thought to be primarily an inland culture which practiced sea mammal hunting only during the winter from the ice and possibly did not use boats at all; some authorities even suggested that the Dorset people were Indians (cf. Mathi​assen 1936:129-130, passim). Later research has shown that the Dorset people were in fact mainly dependent on maritime hunting and that both seals and walrus were hunted also in the summer, presumably from boats. Almost all known Dorset summer dwelling sites are situated on the coast and their analyzed faunal refuse consists mainly of the bones of various seals and walrus. Winter sites are extremely rare; the Dorset people are thought to have wintered like many historical Central Eskimo groups, in snow houses on the sea ice close to polynias or perma​nent leads fre​quented by sea mammals.

Implements made from more fragile organic materials such as wood and sealskin are fairly rare in Dorset finds. Nevertheless, the last few years have produced evidence that the Dorset culture did indeed know the kayak before the Thule invasion. House #71 from the Dorset site of Nunguvik on Northern Baffin Island produced a series of baleen ribs (Fig. 16b), apparently from a toy kayak, which resemble to a remarkable degree the ribs of the historical East Canadian types. The bottom and sides of the ribs are flat and the bends are sharp; in addition, the proportions indicate that the vessel had the narrow, deep prow and broad, shallow stern typical of the historical East Canadian types. House #71 has been dated to the 13th century A.D., i.e., to a time when the Thule culture was still spreading to Baffin Island. However, house #76 on the same site produced a full-size, albeit broken, angular rib
 (Fig. 16c), and the uncalibrated C-14 dates for this house go back to the 4th to 6th century A.D., clearly earlier than the Thule expansion (Mary-Rous​selière 1979:22-26).

The kayak does not seem to have been new to the Dorset culture, for kayak parts dating to the Early Dorset phase have been found on southern Baffin Island (cf. Maxwell 1985:137). It thus seems quite probable that the three-stringered kayak is no new​comer to its present area; on the contrary, it would rather seem to represent the original local type which has been partly re​placed by a newer import – the Arctic group – but has neverthe​less continued its existence as a loaned feature in the Thule culture and its descend​ants though its original Dorset users have disap​peared long ago (cf. also Arima 1987:72-74).

The reason why the Thule people should have adopted a new kayak model is unclear; however, it seems that the motive may have had to do with hunting technique. When umiak whaling became common in the Bering Strait area during the Punuk phase, the kayak com​plet​ely disappeared from the Diomedes and St. Lawrence Island which did not have indigenous populations of caribou. We may presume that also Alaskan proto-Thule, upon developing a whaling-based economy with the help of Punuk-derived technology, probably also gave up kayak sealing although retaining the craft for caribou hunting. With the onset of the Little Ice Age the eastern Thule population had to follow the central groups and give up whaling, shifting instead very rapidly to kayak sealing. The adoption of the Dorset type would most likely have happened in this situation, for several things – e.g., the typological development of Eastern Thule harpoon heads – indicate that the Thule people may have adopted their kayak sealing technique and technology directly from the Dorset people (Kankaanpää 1984:12-18; 1985).

- The Greenland group 

The development of the Greenlandic types seems to be connected with the Inugsuk culture (c. 1300-1600 A.D.) which developed in Greenland from modified Thule and was specifically charac​terized by a highly developed kayak hunting technology. Judging from finds of kayak parts and models, early Greenland kayaks seem to have resembled the East Canadian types with their three-string​ered flat bottoms and simple end structures (cf. Holtved 1944 Pl. 17:9). The typical modern Greenland pattern with separate end formers and round ribs only seems to have come into use during the European contact phase which began in the 1600’s, for both draw​ings in early literary sources (e.g., bishop Resen’s chart from 1605, Egede 1741, Crantz 1770) and many of the West Greenland kayaks brought to Europe by whalers beginning in the 1600’s (cf. Nooter 1971; Petersen 1986a:59) still represent the old pattern of construction.

In 1921 a Danish expedition found the remains of a kayak of West Greenland type in Washington Land in North Greenland (cf. Koch 1923:72). The find did not contain any imported European implements typical of the contact phase, but it did produce sealing implements typical of the Inugsuk culture (cf. Mathiassen 1928a:192-212). Inugsuk, however, was still unknown at this time, and it was not until the following year that Therkel Mathiassen excavated the Inugsuk type site (cf. Mathiassen 1930). Since it was known that the North Greenland Eskimos had not used the kayak in the early 1800’s and that the historical kayak type of the area was an East Canadian type imported in the 1860’s from Baffin Island, Mathiassen in his analysis of the find assumed it to represent a kayak left by some West Greenland Eskimo who had strayed north (Mathiassen 1928a:209-211).

According to present archaeological data, however, the kayak was known in North Greenland already during the classical Thule phase (cf. Holtved 1944:230, 284, Pl.42:15, Pl.49:15), and it must also naturally have spread via the Thule district to southern Greenland, for all migrations from Canada to Greenland took place over Smith Sound. Implements such as harpoon "wings" and line tray parts representing developed Inugsuk kayak sealing technology have been found in several sites in North Greenland (e.g., Holtved 1944:230-233, Pl.17:12, 13; Pl.18:14-24; Wissler 1918 Fig. 30), indicating that the kayak sealing system typical of Inugsuk had also spread to the Thule District, although it was later forgotten.

It is thus quite possible that the kayak in question was not a West Greenland boat brought to the North by chance but a type which was actually in general use in the area during Inugsuk times, until climatical deterioration caused by the Little Ice Age made open sea hunting unproductive and forced the population to concentrate on land and ice hunting. The special interest of the find, however, lies in the fact that among the wooden parts was also the whale rib masik which had lashing holes for three deck string​ers; thus, the multiple deck stringer pattern seems to have been in use at least in West Greenland already in the pre-contact Inugsuk period.

In East Greenland, the Dorset type may have remained in use longer than on the West Coast. The first representatives of early modi​fied Thule arrived in East Greenland in the 1300’s from Elles​mere Island via the northern route, without traversing West Green​land. While the Inugsuk culture was developing in West Greenland, cultural development in East Greenland followed its own course until expanding Inugsuk rounded Cape Farewell and spread to East Green​land around the turn of the 16th century (Bandi & Meldgaard 1952:28-31). A kayak model of undetermined age from the Sytten​kilometernæsset site in Northeast Greenland clearly resem​bles the East Canadian types as it has a strong, high prow and a low, slowly curving stern and also has the cockpit positioned clearly behind the centre point (Fig. 17c); indeed, the publisher of the find, Thomas Thomsen, compares the model to the sea kayak of the Aivilik Eskimo of western Hudson Bay (Thomsen 1917:419-420). The same shape can also be found in a model of the old East Greenland kayak made for Thalbitzer in Ammassalik, although the bow is not angular and the cockpit is almost in the middle (Thalbitzer 1912 Fig. 90). The Ammassalik oral tradition mention​ed by Thalbitzer about kayaks formerly having three-part ribs probably also relates to this old type.

SYNTHESIS
The Prehistory of the Type Groups
Based on the analysis of structural traits, historical kayaks may be divided into three main type groups:

1. 
Flat decked kayaks with three hull stringers (the East Canadian and Greenlandic types and the Koryak type).

2.
Flat decked types with multiple hull stringers (the Arctic types).

3.
Ridged decked types with multiple hull stringers (the Bering Sea and South Alaskan types).

The Mackenzie and Reindeer Chukchi types are not directly assign​able to any group. The Mackenzie kayak seems to be closest to group 2. but has unorthodox end and deck structures. The Reindeer Chukchi kayak, on the other hand, is too poorly described to be assigned with confidence to any group; the model shown in Jochel​son’s illustration would seem to be closest to group 1. but the actual pattern of the hull structure remains in doubt.

The relative structural interdependence of features, the complex​ity of the various designs, and the geographical distri​bution of types all would seem to indicate that group 1. represents the oldest and group 3. the youngest structural pattern; group 3. could also be construed as a developed variant of group 2. The historical distribu​tion of patterns could be explained through three waves of features originating in Alaska, but groups 1. and 2. might also be seen as developing independently, one in the east, the other in the west.

The results of the structural feature analysis conform with the archaeological data, although many details remain unclear due to the paucity of finds. 

On the basis of archaeological finds, group 1. may be connected with the Dorset culture and is thus representative of the oldest and most original kayak type in East Canada. Current archaeologi​cal data does not tell us whether the three-stringered type was developed in Canada by Dorset or its predecessors or whether it was imported from Alaska by Independence I, for there are no kayak finds older than the Dorset phase from either area. The possibility that the three-stringered type might have spread east after the Independence I phase is almost non​existent since Dorset and its predecessors seem to have had negligible contacts with Alaska before the Thule expansion. However, there are so many structural similarities between the three-stringered and the multiple-stringered patterns that totally disconnected origins seem unlikely.

Group 2. is connected with the Thule culture which spread into Canada and Greenland beginning in the 11th century and is thus younger at least in the east. In Alaska the round-hulled, flat-decked lines of this group go back at least to the Old Bering Sea culture, possibly even to Norton, but earlier than this there is no clear archaeological proof of kayak use from West and North Alaska although both Denbigh and Choris seem to have actively practiced maritime hunting.

If the Dorset kayak was not an independent invention but was descended from a type brought by Independence I from Alaska, the three-stringer construction may be assumed to represent a pattern used by the Alaskan ASTt complex and thus at least by Denbigh. Heath considered the presence of the three-stringer pattern in the Koryak kayak to possibly indicate that the pattern had spread from the Sea of Okhotsk along the Arctic coast to Greenland (Heath 1978:22). However, according to Soviet archaeologists the maritime adaptation of the Koryak did not take place until c. the beginning of the Christian era (Vasilievski & Golubjev 1976:174). Since the Eskimo settlements of Siberia at this time belonged to the sphere of the Old Bering Sea culture (which used round-bottom​ed kayaks), the Koryak could not have adopted the three-stringer pattern from the Eskimo in the course of their maritime adaptation although most of their other maritime hunting parapher​nalia does seem to be of Eskimo origin (cf. Gurvich 1979:34).

The only viable explanation for the preservation of the pattern in the Koryak kayak would seem to be a much earlier spread – perhaps even from Denbigh – of the three-stringered kayak to the inland tribes of the Chukchi Peninsula, and its use in this area possibly as a reindeer hunting boat up to the time of the maritime adaptation. The rein​deer kayak of the Reindeer Chukchi might thus actually be closer to the original ASTt kayak than the Koryak pattern, which makes the paucity of data on this type all the more lamentable.

The origin of group 3. must still remain open since archaeo​logi​cal kayak finds from West and South Alaska do not date back further than the 15th century A.D., and the same basically applies also to group 2. Although there are grounds for assuming that the three-stringer construction may represent the oldest pattern also in North and West Alaska, both the ridged deck and the multiple-stringer hull may have actually originated in the Alaska Peninsula – Kodiak Island area or the Aleutian Islands where the maritime economic pattern has much older traditions. For the same reason, it is also impossibly to determine which group has chronological priority. 

The Origin of the Type Groups
Many inland tribes of Alaska and Northwest Canada have used so-called kayak-form canoes in which the bark or skin sheathing is supported by a compound lens-shaped bottom frame instead of the separate slats usually found on Indian canoes. The transverse profile of these kayak-form canoes is similar to that of the East Canadian kayaks, for the bottom and sides are flat and are joined at a sharp angle; like the Labrador and Greenland kayaks, these canoes also have a distinct corner at the foot of the bow and stern (cf. Adney & Chapelle 1964:158-168).

The Kutenai and Shuswap Indians of British Columbia and Wash​ing​ton State and the Golds of the Amur River in Siberia used another pattern, the "pointed" canoe, which had a projection resem​bling the ram of an old warship at either end. The internal frame of these canoes was constructed of very thin wooden stringers and ribs which were tied together with lashings. The form of these craft differs notably from both the round-ended Indian canoes and the kayaks, but the structure of the bottom frame is nevertheless quite close to that of the multiple-stringered kayaks (cf. Mason & Hill 1901; Adney & Chapelle 1964:168-173). Hornell presumed that the kayak developed from the "pointed" canoe through an extension of the sheathing covering the fore and aft projections toward the centre to form an actual deck (Hornell 1946:179-180). Unfortun​ately, this evolutionary theory does not explain the origin of the kayak gunwales since the thin gunwale strips of the canoe must – following Hornell’s scheme – have gradu​ally developed into the cockpit coaming and the hull itself would have become a rounded cigar supported by hooplike ribs. 

Although the three-stringer pattern seems more "archaic", this does not necessarily mean that it is the direct ancestor of the multiple-stringer pattern. The oldest South Alaskan Eskaleut cultures and the West-North Alaskan ASTt do not seem to have been in close contact before the Norton period (cf. Dumond 1977:86), and it is thus quite possible that the two patterns emerged through parallel development already before the eastern spread of the ASTt.

The multiple-stringered kayak may have been developed by the Paleo-Aleut culture on the basis of a Siberian multiple-stringered open canoe as early as c. 7000-6000 B.C. and could have spread to the mainland c. 4000 B.C. with the Ocean Bay culture. Through chance contacts between the Ocean Bay people and ASTt groups frequenting the Alaska Peninsula, the idea (if not the actual design) of the kayak may have been transferred to the ASTt sphere; archaeological evidence of ASTt on the Alaska Peninsula dates back at least to c. 1900 B.C. (cf. Dumond 1881:120-131). How​ever, as there were no actual trade contacts between the two groups, the ASTt people may not have adopted the South Alaskan multiple-stringered pattern as such, but may instead have developed their own three-stringered type by adding a full deck to a "kayak-form" river canoe type which they were already using.

The spread of the multiple-stringer pattern to West and North Alaska would most likely have been set into motion by the rise of maritime hunting and the closer con​tacts between West and South Alaska which characterize the Norton stage (cf. Dumond 1975:169-170; K. Workman 1977:14; W. Workman 1980:88; 1982, passim). These trends would have facilitated the diffusion of the South Alaskan kayak west of the Alaska Peninsula, and we may assume that the multiple-stringer pattern had reached Seward Peninsula by the beginning of the Old Bering Sea phase and North Alaska by the beginning of Birnirk. However, though now extinct in Alaska, the three-stringer pattern survived in relative isola​tion in Canada and possibly Siberia, where it had spread already during the ASTt phase. 

The ridged deck may also have originated in the Aleutians or South Alaska fairly early on, though – in accordance with the scenario presented above – hardly before the Norton phase. In any event, it seems to have spread to West Alaska fairly late, probably only toward the end of the first millennium A.D. or slightly later, since the historical northern limit of this pattern (Seward Peninsula) coincides with the southern limit of umiak whaling.

Umiak whaling became the dominant mode of subsistence in the Bering Strait area during the time of the Punuk and Thule cultures, starting c. 800 A.D.. Once in full swing, it rendered kayak sealing almost superfluous; the kayak probably remained in use mainly as a caribou hunting boat and seawor​thiness was consequently no longer a prerequisite. If the ridged deck had spread to West Alaska before the Punuk stage, it probably would also have spread all the way to North Alaska since kayak sealing seems to have played an important part in the subsis​tence economy of the Birnirk culture inhabiting the northern coasts. However, due to the success of whaling, the Punuk and Thule cultur​es no longer had use for a new sea kayak type. Thus, the spread of the ridged-decked type stopped at the southern limit of whaling on Seward Peninsula and the North Alaskan caribou kayak retained its flat deck.
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Fig. 14.

Bogoras 1904-09: Fig. 47b.

Fig. 15.

a.
Ford 1959: Fig. 79a-b.

b.
Giddings 1964: Pl. 28.

Fig. 16.

a.
Maxwell 1983: Figs 2-3.

b.
Mary-Rousselière 1979: Fig. 4.

c.
Mary-Rousselière 1979: Fig. 5.

Fig. 17.

a.
Ford 1959: Fig. 78a-c.

b.
Collins 1937: Pl. 83:6.

c.
Thomsen 1917: Pl. XXV:5.

All maps by the author.
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KAYAK MEASUREMENTS AND LENGTH/WIDTH RATIO TABLES
Measurements used in scatterplots a and b

area (a=average)
l x w cm
l/w
source
Greenland types
East Greenland
(a)
585 x 48
12,2
Jensen 1975:20

550 x 45
12,2
Thalbitzer 1912:382

555 x 46
12,1
Thalbitzer 1912:382

537 x 47
11,4
Thalbitzer 1912:382

South Greenland
595 x 51
11,7
Adney & Chapelle 1964:F208

Fredriksdal
531 x 53
10,0
Jensen 1975:T IV

Nanortalik (a)
555 x 49
11,3
Petersen 1986a:44

Julianehåb (a)
558 x 51
10,9
Jensen 1975:20

Julianehåb
535 x 53
10,1
Petersen 1986a:F44

West Greenland
Fredrikshåb (a)
528 x 49
10,8
Jensen 1975:20

Fredrikshåb
534 x 50
10,7
Jensen 1975:26

Godthåb (a)
522 x 50
10,4
Jensen 1975:20

Godthåb (a)
526 x 49
10,7
Petersen 1986a:43

Godthåb (a)
532 x 50
10,6
Petersen 1986a:43

Godthåb (a)
513 x 50
10,3
Petersen 1986a:43

Godthåb (a)
534 x 50
10,7
Petersen 1986a:43

Godthåb (a)
510 x 48
10,6
Petersen 1986a:43

Sukkertoppen (a)
511 x 51
10,0
Petersen 1986a:43

Sukkertoppen (a)
515 x 49
10,5
Jensen 1975:20

Sukkertoppen (a)
515 x 51
10,1
Petersen 1986a:44

Kangaamiut (a)
533 x 47
11,3
Petersen 1986a:43

Kangaamiut
530 x 49
10,8
Jensen 1975:22

Holsteinsborg (a)
521 x 52
10,0
Jensen 1975:20

Holsteinsborg (a)
525 x 53
 9,9
Petersen 1986a:43

Holsteinsborg (a)
530 x 51
10,4
Petersen 1986a:43

Holsteinsborg (a)
513 x 51
10,1
Petersen 1986a:43

Egedesminde
468 x 53
 8,8
Jensen 1975:25

Egedesminde
513 x 60
 8,6
Birket-Smith 1924:268

Egedesminde
537 x 66
 8,1
Birket-Smith 1924:268

Egedesminde
538 x 65
 8,3
Birket-Smith 1924:268

Egedesminde
537 x 61
 8,8
Birket-Smith 1924:268

Jakobshavn
497 x 50
 9,9
Petersen 1986a:44

Upernivik (a)
524 x 52
10,1
Petersen 1986a:44

521 x 49
10,6
Adney & Chapelle 1964:F207

503 x 51
 9,9
Adney & Chapelle 1964:F206

497 x 53
 9,4
author’s data (FNM)

Thule
595 x 54
11,0
Holtved 1967:78

East Canadian types
North Greenland
?
534 x 56
 9,5
Adney & Chapelle 1964:F205

602 x 58
10,4
Adney & Chapelle 1964:F200

491 x 56
 8,8
Adney & Chapelle 1964:F199

504 x 56
 9,0
Petersen 1986a:54

560 x 56
10,0
Boas 1901107:13

585 x 56
10,4
Holtved 1967:78

530 x 54
 9,8
Steensby 1910:359

Western Hudson Bay ‑ Baffin Island
Iglulik
569 x 59
 9,6
Mathiassen 1928a:94

Iglulik?
658 x 71
 9,3
Arima 1987:F30

542 x 59
 9,2
Arima 1987:163

Pond Inlet
585 x 62
 9,4
Mathiassen 1928a:92

Cape Dorset
686 x 64
10,7
Adney & Chapelle 1964:F196

Cumberland Sound
600 x 57
10,5
Boas 1901-07:9,13

Savage Islands
640 x 62
10,3
Boas 1901-07:13

?
615 x 67
 9,2
Arima 1987:F32

Labrador
666 x 59
11,3
Adney & Chapelle 1964:F198

733 x 59
12,4
Adney & Chapelle 1964:F197

Ivuyivik
737 x 64
11,5
Arima 1964:240

Ivuyivik
702 x 69
10,2
Arima 1964:240

Ungava Bay?
777 x 67
11,6
Arima 1987:F36

Cape Smith
710 x 71
10,0
Arima 1987:F39

Eastern Hudson Bay
488 x 75
 6,5
Arima 1987:F41

549 x 71
 7,7
Arima 1987:F40

Belcher Islands
564 x 72
 7,8
Arima 1987:F42

693 x 75
 9,2
Arima 1987:F46

498 x 79
 6,3
Freeman 1964:70

Arctic types
Caribou Eskimo (length without "horns")

570 x 46
12,4
Adney & Chapelle 1964:F193

530 x 46
11,5
Arima 1987:F21

620 x 47
13,2
Arima 1987:F20

667 x 46
14,5
Arima 1975:F20

650 x 47
13,8
Boas 1901-07:76

429 x 39
11,0
Birket-Smith 1929:I,187

511 x 44
11,6
Birket-Smith 1929:I,187

Netsilik
552 x 46
12,0
Adney & Chapelle 1964:F194

616 x 46
13,4
Arima 1987:F12

639 x 46
13,9
Taylor 1974:111

616 x 45
13,7
Taylor 1974:111

589 x 47
12,5
Taylor 1974:111

Copper Eskimo
576 x 47
12,3
Adney & Chapelle 1964:F192

711 x 40
17,8
Arima 1987:F11

658 x 39
16,7
Jenness 1946:140

North Alaska
Cape Barrow
526 x 47
11,2
Adney & Chapelle 1964:F187

Kotzebue Sound
527 x 47
11,2
Adney & Chapelle 1964:F186

Cape Krusenstern
526 x 46
11,4
Nelson 1899:221

458 x 46
10,0
Jenness 1946:140

404 x 46
 8,8
Jenness 1946:140

Mackenzie type
488 x 49
10,0
Adney & Chapelle 1964:F188

443 x 49
 9,0
Arima 1987:F8

501 x 48
10,4
Arima 1987:F7

390 x 48
 8,1
Arima 1987:F5

478 x 50
 9,6
Jenness 1946:140

483 x 46
10,1
Jenness 1946:140

Bering Sea types
Seward
Cape Espenberg
437 x 61
 7,2
Nelson 1899:221

King Island
468 x 65
 7,2
Adney & Chapelle 1964:F181

King Island
465 x 72
 6,5
Nelson 1899:220

Norton
518 x 60
 8,6
Adney & Chapelle 1964:F182

510 x 70
 7,3
Nelson 1899:220

Nunivak
Hooper Bay
461 x 78
 5,9
Zimmerly 1979:F73

Nunivak
456 x 76
 6,0
Adney & Chapelle 1964:F180

Nunivak
460 x 74
 6,2
Nelson 1899:219

Nunivak
460 x 74
 6,2
Nelson 1899:219

Bristol Bay (?)
460 x 74
 6,2
Adney & Chapelle 1964:F177

South Alaskan types
Aleut
540 x 51
10,6
Adney & Chapelle 1964:F178

Fox Islands
542 x 46
11,8
Author’s data (Etholén coll.)

563 x 42
13,4
Ljapunova 1964:229

540 x 53
10,2
Ljapunova 1964:230

562 x 47
12,0
Ljapunova 1964:231
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Appendix

Comments on the tables and scatterplots
As may be seen from the table of measurements and length/width ratios and the scatter​plots, the various kayak types form three distinct groups in which certain measurements correlate with certain environmental factors:

1.  Types used in pinniped hunting (stealth technique) among ice floes (eastern Hudson Bay, Belcher islands
, and all Bering Sea types) are usually 4.4 to 5.6 metres long and c. 68 to 80 centi​metres wide; the range of deviation in length (±12% from the median) is moderate and that in width (±8% from the median) is small. The length/width ratio varies between c. 6:1 and c. 8:1 and the range of deviation is moderate (±14%).

2.  Types used in open water (South Greenland, Labrador, Aleutians
) and relatively ice free areas (the rest of Greenland, western Hudson Bay & Baffin Island) are c. 4.7 to 7.8 metres long and 45 to 71 centi​metres wide; the deviation both in length (±25%) and width (±22.5%) is fairly high. Though the length/width ratio varies in the main between 8.5:1 and 12:1, the deviation (±17%) is moder​ate compared to that of the actual measure​ments.

3.  Types used mainly for caribou hunting (chase tech​nique) in inland and estuarine waters (the Arctic types) are c. 4 to 7 metres long without the “horns” and c. 39 to 47 centimetres (mostly 46 to 47 centimet​res) wide; the deviation in length is very high (±27%) while the deviation in width is very low (±9%, in 90% of the exam​ples only c. ±2%). The length/width ratio varies between 9:1 and 17:1, the deviation being very high (±31%).

The structuring force of the environment seems to affect the absolute measurements and their ratios differently in different groups:

Group 1 is characterized by the effect of two factors – the ice-filled sea and the stealth hunting method – on the absolute length and width measurements respectively and separately; the smallish deviation in the length/width ratio is an outcome of the limited deviation in the absolute measurements themselves, not of the optimality of any specific ratio, as may be gathered from the fact that the cluster in the scatter diagram is non-directional (or, if anything, vertical rather than diagonal). The shape of the cluster indicates that the demands structur​ing the measure​ments – agility and stability – do not conflict with one another; both may be optimised without jeopardizing the other and compro​mises have been unnecessary.

Group 2, on the other hand, is specifically characterized by the length/width ratio, which has a deviation only slightly larger than in group 1 though the deviation in the actual measurements is double to almost triple. The importance of the ratio is evident from scat​terplot 1, where the cluster formed by the open sea and rela​tively ice free groups is clearly directional in spite of the high degree of measurement deviation. One receives the impression that the de​mands structuring the absolute measurements ‑ sturdi​ness and stability on the one hand, good tracking and speed on the other ‑ are in mutual conflict and have had to be compromised through an optimum ratio which has been maintained in spite of changes in one or other of the actual measurements.

Group 3 represents a cluster where one abso​lute factor – width – is critical while the other – length – tolerates a high degree of variation. This phenomenon is even more apparent in scatterplot 2, where types used in chase type hunting – i.e., caribou drives (Arctic), beluga drives (Mackenzie), and sea otter hunts (Aleut) – are distin​guished from types used in stealth type pinniped hunting. Minimizing width is clearly the most important goal; both the maximum and the minimum measure​ments depend on the width of the user’s own pelvis. Length, and with it the length/width ratio, varies quite strongly, presumably in reaction both to specific differ​ences in the use context and to aesthetic views (e.g., the “horns”)
; on the other hand, the length/ width ratio is usually over 11:1, i.e., even short kayaks are fairly narrow in shape. The horizontal cluster gives the impres​sion that the measurements of these kayaks are struc​tured main​ly by one specific demand – speed – and the main limi​ting factor is the user’s own girth. 
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     �	This paper was originally presented as a M.A. thesis at the University of Helsinki in 1988. It has been published in Finnish as “Kajakki. Typologinen ja etnohistoriallinen tutkielma. Helsingin yliopiston kansatieteen laitoksen tutkimuksia 15.” Helsinki: Yliopistopaino 1989. The archaeological questions touched upon in this study have since been discussed more thoroughly in the author’s Ph.D. thesis “Thule subsistence” (Brown University, 1996, available through U.M.I.).


     �	Heath seems to include also the other Central Canadian caribou kayaks in group (6.), although this is not explicit from the text.


     �	"Environment" refers in this case to all non-cultural exterior factors, not just natural surround�ings. 


     �	According to prevailing custom, Etholén's name was "Rus�sianized" in Russian documents to Adolf Karlovich Etolin, a form which unfortunately persists in American literature and in the spelling of the various topographical features in Alaska which were named after him (e.g., Etolin Island south of Wrangell in SW Alaska, Cape Etolin on Nunivak, and Etolin Strait between Nunivak and the main�land). Another Finn to suffer the same fate was Johan Hampus Furuhjelm, the penultimate Chief Manager, who opposed the sale of Alaska to the United States. Furuhjelm is usually referred to in Russian and American texts as "Ivan Furuhelm".


     �	Pers. comm., Ms. Pirjo Varjola, curator of the Exotica collections of the Finnish National Museum. It might be mentioned in passing that walrus ivory, the material used for these kayak models, is very typical of the Bering Sea coast where walrus hunting has considerable economic importance whereas east of the Alaska Peninsu�la, e.g., on Kodiak Island, walrus hunting is almost unknown and walrus ivory is consequently used much less (cf. Ray 1980:37, Fig 1).


     �	From Arctic Small Tool tradition. An Alaskan representa�tive of this complex was the aforementioned Denbigh, also known by its full name, the Cape Denbigh Flint Complex.


� 	Eugene Y. Arima (pers. comm.) has expressed doubts about the identification of this find, and after seeing the “rib” at the National Museum of Canada, the present author must concur. The object appears too thin and wide to be a kayak rib; it may be part of a box, etc.


     �	The 693 cm long kayak in Arima 1987 Fig. 46 is atypical and has been omitted from the scatterplot and calculations.


     �	Unfortunately, no measurements were available for full-size Pacific Eskimo baidarkas.


     �	It may be noted that of the kayaks identified as “chase” types in scatterplot 2, the Mackenzie kayaks, the North Alaskan kayaks (also used in ice lead sealing), and the Aleut kayaks, which were all used at least to some extent on the sea, fall at the "short" end of the cluster within the 8.5-12 ratio margin, while dedicated inland types such as the Netsilik and Copper Eskimo kayaks are generally longer.
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Taul1

		Alue		Pituus		Leveys		Suhde		Lähde				Avoin meri		Avoin meri				Harva jää		Harva jää				Joki		Joki				Tiheä jää		Tiheä jää				Suisto		Suisto				1:12		2:12				1:8		1:8				Leveys 48		Leveys 48

		Itä-Grönlanti										E-Grönl		595		51				528		49				570		46				564		72				488		49				420		35				350.00		43.75				350		48

		ka.		585		48		12.2						531		53				534		50				530		46				693		75				443		49				800		66.6667				640.00		80.00				800		48

				550		45		12.2						555		49				522		50				620		47				498		79				501		48

				555		46		12.1						558		51				526		49				667		46										390		48

				537		47		11.4						535		53				532		50				650		47				437		61				478		50

		Etelä-Grönlanti																		513		50				429		39				468		65				483		46

				595		51		11.7				Aleut		540		51				534		50				511		44				465		72

		Fredriksdal		531		53		10.0						542		46				510		48

		Nanortalik (k)		555		49		11.3						563		42				511		51				552		46				518		60

		Julianehåb (k)		558		51		10.9						540		53				515		49				616		46				510		70

		Julianehåb		535		53		10.1						562		47				515		51				639		46

		Länsi-Grönlanti																		533		47				616		45				461		78

		Fredrikshåb (k)		528		49		10.8				Labrador		666		59				530		49				589		47				456		76

		Fredrikshåb		534		50		10.7						733		59				521		52										460		74

		Godthåb (k)		522		50		10.4						737		64				525		53				576		47				460		74

		Godthåb (k)		526		49		10.7						702		69				530		51				711		40

		Godthåb (k)		532		50		10.6						777		67				513		51				658		39				460		74

		Godthåb (k)		513		50		10.3						710		71				468		53

		Godthåb (k)		534		50		10.7												513		60				526		47				488		75

		Godthåb (k)		510		48		10.6												537		66				527		47				549		71

		Sukkertoppen (k)		511		51		10.0												538		65				526		46

		Sukkertoppen (k)		515		49		10.5												537		61				458		46

		Sukkertoppen (k)		515		51		10.1												497		50				404		46

		Kangaamiut (k)		533		47		11.3												524		52

		Kangaamiut		530		49		10.8												521		49

		Holsteinsborg (k)		521		52		10.0												503		51

		Holsteinsborg (k)		525		53		9.9												497		53

		Holsteinsborg (k)		530		51		10.4												595		54

		Holsteinsborg (k)		513		51		10.1

		Egedesminde		468		53		8.8

		Egedesminde		513		60		8.6												534		56

		Egedesminde		537		66		8.1												602		58

		Egedesminde		538		65		8.3												491		56

		Egedesminde		537		61		8.8												504		56

		Jakobshavn		497		50		9.9												560		56

		Upernivik (k)		524		52		10.1												585		56

				521		49		10.6												530		54

				503		51		9.9

				497		53		9.4												569		59

		Thule		595		54		11.0												658		71

		Itäkanadalaiset																		542		59

		Pohjois-Grönlanti																		585		62

		?		534		56		9.5												686		64

				602		58		10.4												600		57

				491		56		8.8												640		62

				504		56		9.0												615		67

				560		56		10.0

				585		56		10.4												585		48

				530		54		9.8												550		45

		W-Hudson - Baffin																		555		46

		Iglulik		569		59		9.6												537		47

		Iglulik?		658		71		9.3

				542		59		9.2

		Pond Inlet		585		62		9.4

		Cape Dorset		686		64		10.7

		Cumberland Sound		600		57		10.5

		Savage Islands		640		62		10.3

		?		615		67		9.2

		Labrador

				666		59		11.3

				733		59		12.4

		Ivuyivik		737		64		11.5

		Ivuyivik		702		69		10.2

		Ungava Bay?		777		67		11.6

		Cape Smith		710		71		10.0

		E-Hudson

				488		75		6.5

				549		71		7.7

		Belcher Islands

				564		72		7.8

				693		75		9.2

				498		79		6.3

		Arktiset

		Caribou

				570		46		12.4

				530		46		11.5

				620		47		13.2

				667		46		14.5

				650		47		13.8

				429		39		11.0

				511		44		11.6

		Netsilik

				552		46		12.0

				616		46		13.4

				639		46		13.9

				616		45		13.7

				589		47		12.5

		Copper

				576		47		12.3

				711		40		17.8

				658		39		16.9

		N-Alaska

		Cape Barrow		526		47		11.2

		Kotzebue Sound		527		47		11.2

		Cape Krusenstern		526		46		11.4

				458		46		10.0

				404		46		8.8

		Mackenzie

				488		49		10.0

				443		49		9.0

				501		48		10.4

				390		48		8.1

				478		50		9.6

				483		46		10.5

		Bering Sea

		Seward

		Cape Espenberg		437		61		7.2

		King Island		468		65		7.2

		King Island		465		72		6.5

		Norton Sound

				518		60		8.6

				510		70		7.3

		Nunivak

		Hooper Bay		461		78		5.9

		Nunivak		456		76		6.0

		Nunivak		460		74		6.2

		Nunivak		460		74		6.2

		Bristol Bay (?)

				460		74		6.2

		Eteläalaskalaiset

		Aleutti

				540		51		10.6

		Kettusaaret		542		46		11.8

				563		42		13.4

				540		53		10.2

				562		47		12.0

		Zimmerly 1986

		Koryak		322.5		71		4.5

		Meritsuktsi		463		63		7.3

		Porotsuktsi		489.5		49.5		9.9

		Aleut 1-hole		581.4		43.4		13.4

		Aleut 1-hole		509.5		51.7		9.9

		Aleut 2-hole		627.4		55.9		11.2

		Koniag 1-hole		434		65.6		6.6

		Koniag 3-hole		807		79.3		10.2

		Bering Sea		460.7		78		5.9

		Norton Sound		522.7		71.8		7.3

		King Island		452.7		64.3		7.0

		Kotzebue Sound		525.6		47.8		11.0

		N-Alaska short		291.5		59		4.9

		Nunamiut		585.5		59.3		9.9

		Arima et al.1991

		King Island		456.6		62.2		7.3

		Bering Strait		432		62		7.0

		King Island		434.3		63.5		6.8

		King Island 2-hole		579		66		8.8

		Tununirmiut N-Baffin		640		79.4		8.1

		Nuuk		537.2		47.5		11.3

		Disko		525.8		54.6		9.6

		Aleut 1-hole		509.6		51.8		9.8		same as Zimmerly?

		Aleut 1-hole		520.7		51.8		10.1

		Aleut 2-hole		617.2		57.5		10.7





Taul1 (2)

		Alue		Pituus		Leveys		Suhde		Lähde				Avoin meri		Avoin meri				Harva jää		Harva jää				Joki		Joki				Tiheä jää		Tiheä jää				Suisto		Suisto				1:12		2:12				1:8		1:8				Leveys 48		Leveys 48

		Itä-Grönlanti										E-Grönl		595		51				528		49				570		46				564		72				488		49				420		35				350.00		43.75				350		48

		ka.		585		48		12.2						531		53				534		50				530		46				693		75				443		49				800		66.6667				640.00		80.00				800		48

				550		45		12.2						555		49				522		50				620		47				498		79				501		48

				555		46		12.1						558		51				526		49				667		46										390		48

				537		47		11.4						535		53				532		50				650		47				437		61				478		50

		Etelä-Grönlanti																		513		50				429		39				468		65				483		46

				595		51		11.7				Aleut		540		51				534		50				511		44				465		72

		Fredriksdal		531		53		10.0						542		46				510		48

		Nanortalik (k)		555		49		11.3						563		42				511		51				552		46				518		60

		Julianehåb (k)		558		51		10.9						540		53				515		49				616		46				510		70

		Julianehåb		535		53		10.1						562		47				515		51				639		46

		Länsi-Grönlanti																		533		47				616		45				461		78

		Fredrikshåb (k)		528		49		10.8				Labrador		666		59				530		49				589		47				456		76

		Fredrikshåb		534		50		10.7						733		59				521		52										460		74

		Godthåb (k)		522		50		10.4						737		64				525		53				576		47				460		74

		Godthåb (k)		526		49		10.7						702		69				530		51				711		40

		Godthåb (k)		532		50		10.6						777		67				513		51				658		39				460		74

		Godthåb (k)		513		50		10.3						710		71				468		53

		Godthåb (k)		534		50		10.7												513		60				526		47				488		75

		Godthåb (k)		510		48		10.6												537		66				527		47				549		71

		Nuuk		537.2		47.5		11.3		Ar 91										538		65				526		46

		Sukkertoppen (k)		511		51		10.0												537		61				458		46

		Sukkertoppen (k)		515		49		10.5												497		50				404		46

		Sukkertoppen (k)		515		51		10.1												524		52

		Kangaamiut (k)		533		47		11.3												521		49

		Kangaamiut		530		49		10.8												503		51

		Holsteinsborg (k)		521		52		10.0												497		53

		Holsteinsborg (k)		525		53		9.9												595		54

		Holsteinsborg (k)		530		51		10.4

		Holsteinsborg (k)		513		51		10.1

		Egedesminde		468		53		8.8												534		56

		Egedesminde		513		60		8.6												602		58

		Egedesminde		537		66		8.1												491		56

		Egedesminde		538		65		8.3												504		56

		Egedesminde		537		61		8.8												560		56

		Jakobshavn		497		50		9.9												585		56

		Upernivik (k)		524		52		10.1												530		54

				521		49		10.6

				503		51		9.9												569		59

				497		53		9.4												658		71

		Disko		525.8		54.6		9.6		Ar 91										542		59

		Thule		595		54		11.0												585		62

		Itäkanadalaiset																		686		64

		Pohjois-Grönlanti																		600		57

		?		534		56		9.5												640		62

				602		58		10.4												615		67

				491		56		8.8

				504		56		9.0												585		48

				560		56		10.0												550		45

				585		56		10.4												555		46

				530		54		9.8												537		47

		W-Hudson - Baffin

		Iglulik		569		59		9.6

		Iglulik?		658		71		9.3

				542		59		9.2

		Pond Inlet		585		62		9.4

		Tununirmiut N-Baffin		640		79.4		8.1		Ar 91

		Cape Dorset		686		64		10.7

		Cumberland Sound		600		57		10.5

		Savage Islands		640		62		10.3

		?		615		67		9.2

		Labrador

				666		59		11.3

				733		59		12.4

		Ivuyivik		737		64		11.5

		Ivuyivik		702		69		10.2

		Ungava Bay?		777		67		11.6

		Cape Smith		710		71		10.0

		E-Hudson

				488		75		6.5

				549		71		7.7

		Belcher Islands

				564		72		7.8

				693		75		9.2

				498		79		6.3

		Arktiset

		Caribou

				570		46		12.4

				530		46		11.5

				620		47		13.2

				667		46		14.5

				650		47		13.8

				429		39		11.0

				511		44		11.6

		Netsilik

				552		46		12.0

				616		46		13.4

				639		46		13.9

				616		45		13.7

				589		47		12.5

		Copper

				576		47		12.3

				711		40		17.8

				658		39		16.9

		N-Alaska

		Cape Barrow		526		47		11.2

		Nunamiut		585.5		59.3		9.9		Zim 86

		Kotzebue Sound		527		47		11.2

		Kotzebue Sound		525.6		47.8		11.0		Zim 86

		Cape Krusenstern		526		46		11.4

				458		46		10.0

				404		46		8.8

		N-Alaska short		291.5		59		4.9		Zim 86

		Mackenzie

				488		49		10.0

				443		49		9.0

				501		48		10.4

				390		48		8.1

				478		50		9.6

				483		46		10.5

		Bering Sea

		Seward

		Cape Espenberg		437		61		7.2

		Bering Strait		432		62		7.0		Ar 91

		King Island		468		65		7.2

		King Island		465		72		6.5

		King Island		452.7		64.3		7.0		Zim 86

		King Island		456.6		62.2		7.3		Ar 91

		King Island		434.3		63.5		6.8		Ar 91

		King Island 2-hole		579		66		8.8		Ar 91

		Norton Sound

				518		60		8.6

				510		70		7.3

		Norton Sound		522.7		71.8		7.3		Zim 86

		Nunivak

		Hooper Bay		461		78		5.9

		Nunivak		456		76		6.0

		Nunivak		460		74		6.2

		Nunivak		460		74		6.2

		Bering Sea		460.7		78		5.9		Zim 86

		Bristol Bay (?)

				460		74		6.2

		Eteläalaskalaiset

		Aleutti										same as Zimmerly?

				540		51		10.6

		Kettusaaret		542		46		11.8

				563		42		13.4

				540		53		10.2

				562		47		12.0

		Aleut 1-hole		581.4		43.4		13.4		Zim 86

		Aleut 1-hole		509.5		51.7		9.9		Zim 86

		Aleut 1-hole		509.6		51.8		9.8		Ar 91

		Aleut 1-hole		520.7		51.8		10.1		Ar 91

		Aleut 2-hole		617.2		57.5		10.7		Ar 91

		Aleut 2-hole		627.4		55.9		11.2		Zim 86

		Koniag 1-hole		434		65.6		6.6		Zim 86

		Koniag 3-hole		807		79.3		10.2		Zim 86

		Koryak		322.5		71		4.5		Zim 86

		Meritsuktsi		463		63		7.3		Zim 86

		Porotsuktsi		489.5		49.5		9.9		Zim 86
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		531		534		693		443		530		640		800		800
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Hunting method
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		555		522		498		501		620

		558		526				390		667

		535		532		437		478		650

				513		468		483		429

		540		534		465				511

		542		510

		563		511		518				552

		540		515		510				616

		562		515						639

				533		461				616

		666		530		456				589

		733		521		460

		737		525		460				576

		702		530						711

		777		513		460				658

		710		468

				513		488				526

				537		549				527

				538						526

				537						458

				497						404

				524

				521

				503

				497

				595

				534

				602

				491

				504

				560

				585

				530

				569

				658

				542

				585

				686

				600

				640

				615

				585

				550

				555

				537



Stealth

Harva jää

Tiheä jää

Chase

Width 48 cm

Width 48 cm

Length cm

Width cm

Kayak hull measurements by hunting method
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Kaavio1
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		535		452.7

				525.6

		528		291.5

		534		585.5

		522

		526		456.6

		532		432

		513		434.3

		534		579

		510		640

		511		537.2

		515		525.8

		515		509.6

		533		520.7

		530		617.2

		521

		525

		530

		513

		468

		513

		537

		538

		537

		497

		524

		521

		503

		497

		595

		534

		602

		491

		504

		560

		585

		530

		569

		658

		542

		585

		686

		600

		640

		615

		666

		733

		737

		702

		777

		710

		488

		549

		564

		693

		498

		570

		530

		620

		667

		650

		429

		511

		552

		616

		639

		616

		589

		576

		711

		658

		526

		527

		526

		458

		404

		488

		443

		501

		390

		478

		483

		437

		468

		465

		518

		510

		461

		456

		460

		460

		460

		540

		542

		563

		540

		562

		322.5

		463

		489.5

		581.4



Leveys

Pituus

Leveys

71

48

63

45

49.5

46

43.4

47

51.7

55.9

51

65.6

53

79.3

49

78

51

71.8

53

64.3

47.8

49

59

50

59.3

50

49

62.2

50

62

50

63.5

50

66

48

79.4

51

47.5

49

54.6

51

51.8

47

51.8

49

57.5

52

53

51

51

53

60

66

65

61

50

52

49

51

53

54

56

58

56

56

56

56

54

59

71

59

62

64

57

62

67

59

59

64

69

67

71

75

71

72

75

79

46

46

47

46

47

39

44

46

46

46

45

47

47

40

39

47

47

46

46

46

49

49

48

48

50

46

61

65

72

60

70

78

76

74

74

74

51

46

42

53

47

71

63

49.5

43.4



Kaavio1 (2)

				595		528		595		570		564		488

		585		585		534		531		530		693		443

		550		550		522		555		620		498		501

		555		555		526		558		667				390

		537		537		532		535		650		437		478

						513				429		468		483

		595		595		534		540		511		465

		531		531		510		542

		555		555		511		563		552		518

		558		558		515		540		616		510

		535		535		515		562		639

						533				616		461

		528		528		530		666		589		456

		534		534		521		733				460

		522		522		525		737		576		460

		526		526		530		702		711

		532		532		513		777		658		460

		513		513		468		710

		534		534		513				526		488

		510		510		537				527		549

		511		511		538				526

		515		515		537				458

		515		515		497				404

		533		533		524

		530		530		521

		521		521		503

		525		525		497

		530		530		595

		513		513

		468		468

		513		513		534

		537		537		602

		538		538		491

		537		537		504

		497		497		560

		524		524		585

		521		521		530

		503		503

		497		497		569

		595		595		658

						542

						585

		534		534		686

		602		602		600

		491		491		640

		504		504		615

		560		560

		585		585		585

		530		530		550

						555

		569		569		537

		658		658

		542		542

		585		585

		686		686

		600		600

		640		640

		615		615

		666		666

		733		733

		737		737

		702		702

		777		777

		710		710

		488		488

		549		549

		564		564

		693		693

		498		498

		570		570

		530		530

		620		620

		667		667

		650		650

		429		429

		511		511

		552		552

		616		616

		639		639

		616		616

		589		589

		576		576

		711		711

		658		658

		526		526

		527		527

		526		526

		458		458

		404		404

		488		488

		443		443

		501		501

		390		390

		478		478

		483		483

		437		437

		468		468

		465		465

		518		518

		510		510

		461		461

		456		456

		460		460

		460		460

		460		460

		540		540

		542		542

		563		563

		540		540

		562		562

		322.5		322.5

		463		463

		489.5		489.5

		581.4		581.4



Leveys

Avoin meri

Harva jää

Avoin meri

Joki

Tiheä jää

Suisto

Pituus

Leveys

49

51

46

72

49

48

531

50

53

46

75

49

45

555

50

49

47

79

48

46

558

49

51

46

48

47

535

50

53

47

61

50

50

39

65

46

51

540

50

51

44

72

53

542

48

46

49

563

51

42

46

60

51

540

49

53

46

70

53

562

51

47

46

47

45

78

49

49

59

47

76

50

52

59

74

50

53

64

47

74

49

51

69

40

50

51

67

39

74

50

53

71

50

60

47

75

48

66

47

71

51

65

46

49

61

46

51

50

46

47

52

49

49

52

51

53

53

51

54

51

53

60

56

66

58

65

56

61

56

50

56

52

56

49

54

51

53

59

54

71

59

62

56

64

58

57

56

62

56

67

56

56

48

54

45

46

59

47

71

59

62

64

57

62

67

59

59

64

69

67

71

75

71

72

75

79

46

46

47

46

47

39

44

46

46

46

45

47

47

40

39

47

47

46

46

46

49

49

48

48

50

46

61

65

72

60

70

78

76

74

74

74

51

46

42

53

47

71

63

49.5

43.4



Kaavio2

		595		528		564		488		570		350		420		350

		531		534		693		443		530		640		800		800

		555		522		498		501		620

		558		526				390		667

		535		532		437		478		650

				513		468		483		429

		540		534		465				511

		542		510

		563		511		518				552

		540		515		510				616

		562		515						639

				533		461				616

		666		530		456				589

		733		521		460

		737		525		460				576

		702		530						711

		777		513		460				658

		710		468

				513		488				526

				537		549				527

				538						526

				537						458

				497						404

				524

				521

				503

				497

				595

				534

				602

				491

				504

				560

				585

				530

				569

				658

				542

				585

				686

				600

				640

				615

				585

				550

				555

				537



Avoin meri

Harva jää

Tiheä jää

Suisto

Joki

1:8

2:12

Leveys 48

Pituus

Leveys

Kajakkien runkomitat käyttöympäristön mukaan

51

49

72

49

46

43.75

35

48

53

50

75

49

46

80

66.6667

48

49

50

79

48

47

51

49

48

46

53

50

61

50

47

50

65

46

39

51

50

72

44

46

48

42

51

60

46

53

49

70

46

47

51

46

47

78

45

59

49

76

47

59

52

74

64

53

74

47

69

51

40

67

51

74

39

71

53

60

75

47

66

71

47

65

46

61

46

50

46

52

49

51

53

54

56

58

56

56

56

56

54

59

71

59

62

64

57

62

67

48

45

46

47



Kaavio3

		595		528		564		488		570		350

		531		534		693		443		530		800

		555		522		498		501		620

		558		526				390		667

		535		532		437		478		650

				513		468		483		429

		540		534		465				511

		542		510

		563		511		518				552

		540		515		510				616

		562		515						639

				533		461				616

		666		530		456				589

		733		521		460

		737		525		460				576

		702		530						711

		777		513		460				658

		710		468

				513		488				526

				537		549				527

				538						526

				537						458

				497						404

				524

				521

				503

				497

				595

				534

				602

				491

				504

				560

				585

				530

				569

				658

				542

				585

				686

				600

				640

				615

				585

				550

				555

				537



väijyntä

Harva jää

Tiheä jää

ajopyynti

leveys 48 cm

leveys 48 cm

Pituus

Leveys

Kajakkien runkomitat pyyntimenetelmän mukaan

51

49

72

49

46

48

53

50

75

49

46

48

49

50

79

48

47

51

49

48

46

53

50

61

50

47

50

65

46

39

51

50

72

44

46

48

42

51

60

46

53

49

70

46

47

51

46

47

78

45

59

49

76

47

59

52

74

64

53

74

47

69

51

40

67

51

74

39

71

53

60

75

47

66

71

47

65

46

61

46

50

46

52

49

51

53

54

56

58

56

56

56

56

54

59

71

59

62

64

57

62

67

48

45

46

47



Taul1

		Alue		Pituus		Leveys		Suhde		Lähde				Avoin meri		Avoin meri				Harva jää		Harva jää				Joki		Joki				Tiheä jää		Tiheä jää				Suisto		Suisto				1:12		2:12				1:8		1:8				Leveys 48		Leveys 48

		Itä-Grönlanti										E-Grönl		595		51				528		49				570		46				564		72				488		49				420		35				350.00		43.75				350		48

		ka.		585		48		12.2						531		53				534		50				530		46				693		75				443		49				800		66.6667				640.00		80.00				800		48

				550		45		12.2						555		49				522		50				620		47				498		79				501		48

				555		46		12.1						558		51				526		49				667		46										390		48

				537		47		11.4						535		53				532		50				650		47				437		61				478		50

		Etelä-Grönlanti																		513		50				429		39				468		65				483		46

				595		51		11.7				Aleut		540		51				534		50				511		44				465		72

		Fredriksdal		531		53		10.0						542		46				510		48

		Nanortalik (k)		555		49		11.3						563		42				511		51				552		46				518		60

		Julianehåb (k)		558		51		10.9						540		53				515		49				616		46				510		70

		Julianehåb		535		53		10.1						562		47				515		51				639		46

		Länsi-Grönlanti																		533		47				616		45				461		78

		Fredrikshåb (k)		528		49		10.8				Labrador		666		59				530		49				589		47				456		76

		Fredrikshåb		534		50		10.7						733		59				521		52										460		74

		Godthåb (k)		522		50		10.4						737		64				525		53				576		47				460		74

		Godthåb (k)		526		49		10.7						702		69				530		51				711		40

		Godthåb (k)		532		50		10.6						777		67				513		51				658		39				460		74

		Godthåb (k)		513		50		10.3						710		71				468		53

		Godthåb (k)		534		50		10.7												513		60				526		47				488		75

		Godthåb (k)		510		48		10.6												537		66				527		47				549		71

		Sukkertoppen (k)		511		51		10.0												538		65				526		46

		Sukkertoppen (k)		515		49		10.5												537		61				458		46

		Sukkertoppen (k)		515		51		10.1												497		50				404		46

		Kangaamiut (k)		533		47		11.3												524		52

		Kangaamiut		530		49		10.8												521		49

		Holsteinsborg (k)		521		52		10.0												503		51

		Holsteinsborg (k)		525		53		9.9												497		53

		Holsteinsborg (k)		530		51		10.4												595		54

		Holsteinsborg (k)		513		51		10.1

		Egedesminde		468		53		8.8

		Egedesminde		513		60		8.6												534		56

		Egedesminde		537		66		8.1												602		58

		Egedesminde		538		65		8.3												491		56

		Egedesminde		537		61		8.8												504		56

		Jakobshavn		497		50		9.9												560		56

		Upernivik (k)		524		52		10.1												585		56

				521		49		10.6												530		54

				503		51		9.9

				497		53		9.4												569		59

		Thule		595		54		11.0												658		71

		Itäkanadalaiset																		542		59

		Pohjois-Grönlanti																		585		62

		?		534		56		9.5												686		64

				602		58		10.4												600		57

				491		56		8.8												640		62

				504		56		9.0												615		67

				560		56		10.0

				585		56		10.4												585		48

				530		54		9.8												550		45

		W-Hudson - Baffin																		555		46

		Iglulik		569		59		9.6												537		47

		Iglulik?		658		71		9.3

				542		59		9.2

		Pond Inlet		585		62		9.4

		Cape Dorset		686		64		10.7

		Cumberland Sound		600		57		10.5

		Savage Islands		640		62		10.3

		?		615		67		9.2

		Labrador

				666		59		11.3

				733		59		12.4

		Ivuyivik		737		64		11.5

		Ivuyivik		702		69		10.2

		Ungava Bay?		777		67		11.6

		Cape Smith		710		71		10.0

		E-Hudson

				488		75		6.5

				549		71		7.7

		Belcher Islands

				564		72		7.8

				693		75		9.2

				498		79		6.3

		Arktiset

		Caribou

				570		46		12.4

				530		46		11.5

				620		47		13.2

				667		46		14.5

				650		47		13.8

				429		39		11.0

				511		44		11.6

		Netsilik

				552		46		12.0

				616		46		13.4

				639		46		13.9

				616		45		13.7

				589		47		12.5

		Copper

				576		47		12.3

				711		40		17.8

				658		39		16.9

		N-Alaska

		Cape Barrow		526		47		11.2

		Kotzebue Sound		527		47		11.2

		Cape Krusenstern		526		46		11.4

				458		46		10.0

				404		46		8.8

		Mackenzie

				488		49		10.0

				443		49		9.0

				501		48		10.4

				390		48		8.1

				478		50		9.6

				483		46		10.5

		Bering Sea

		Seward

		Cape Espenberg		437		61		7.2

		King Island		468		65		7.2

		King Island		465		72		6.5

		Norton Sound

				518		60		8.6

				510		70		7.3

		Nunivak

		Hooper Bay		461		78		5.9

		Nunivak		456		76		6.0

		Nunivak		460		74		6.2

		Nunivak		460		74		6.2

		Bristol Bay (?)

				460		74		6.2

		Eteläalaskalaiset

		Aleutti

				540		51		10.6

		Kettusaaret		542		46		11.8

				563		42		13.4

				540		53		10.2

				562		47		12.0

		Zimmerly 1986

		Koryak		322.5		71		4.5

		Meritsuktsi		463		63		7.3

		Porotsuktsi		489.5		49.5		9.9

		Aleut 1-hole		581.4		43.4		13.4

		Aleut 1-hole		509.5		51.7		9.9

		Aleut 2-hole		627.4		55.9		11.2

		Koniag 1-hole		434		65.6		6.6

		Koniag 3-hole		807		79.3		10.2

		Bering Sea		460.7		78		5.9

		Norton Sound		522.7		71.8		7.3

		King Island		452.7		64.3		7.0

		Kotzebue Sound		525.6		47.8		11.0

		N-Alaska short		291.5		59		4.9

		Nunamiut		585.5		59.3		9.9

		Arima et al.1991

		King Island		456.6		62.2		7.3

		Bering Strait		432		62		7.0

		King Island		434.3		63.5		6.8

		King Island 2-hole		579		66		8.8

		Tununirmiut N-Baffin		640		79.4		8.1

		Nuuk		537.2		47.5		11.3

		Disko		525.8		54.6		9.6

		Aleut 1-hole		509.6		51.8		9.8		same as Zimmerly?

		Aleut 1-hole		520.7		51.8		10.1

		Aleut 2-hole		617.2		57.5		10.7





Taul1 (2)

		Alue		Pituus		Leveys		Suhde		Lähde				Avoin meri		Avoin meri				Harva jää		Harva jää				Joki		Joki				Tiheä jää		Tiheä jää				Suisto		Suisto				1:12		2:12				1:8		1:8				Leveys 48		Leveys 48

		Itä-Grönlanti										E-Grönl		595		51				528		49				570		46				564		72				488		49				420		35				350.00		43.75				350		48

		ka.		585		48		12.2						531		53				534		50				530		46				693		75				443		49				800		66.6667				640.00		80.00				800		48

				550		45		12.2						555		49				522		50				620		47				498		79				501		48

				555		46		12.1						558		51				526		49				667		46										390		48

				537		47		11.4						535		53				532		50				650		47				437		61				478		50

		Etelä-Grönlanti																		513		50				429		39				468		65				483		46

				595		51		11.7				Aleut		540		51				534		50				511		44				465		72

		Fredriksdal		531		53		10.0						542		46				510		48

		Nanortalik (k)		555		49		11.3						563		42				511		51				552		46				518		60

		Julianehåb (k)		558		51		10.9						540		53				515		49				616		46				510		70

		Julianehåb		535		53		10.1						562		47				515		51				639		46

		Länsi-Grönlanti																		533		47				616		45				461		78

		Fredrikshåb (k)		528		49		10.8				Labrador		666		59				530		49				589		47				456		76

		Fredrikshåb		534		50		10.7						733		59				521		52										460		74

		Godthåb (k)		522		50		10.4						737		64				525		53				576		47				460		74

		Godthåb (k)		526		49		10.7						702		69				530		51				711		40

		Godthåb (k)		532		50		10.6						777		67				513		51				658		39				460		74

		Godthåb (k)		513		50		10.3						710		71				468		53

		Godthåb (k)		534		50		10.7												513		60				526		47				488		75

		Godthåb (k)		510		48		10.6												537		66				527		47				549		71

		Nuuk		537.2		47.5		11.3		Ar 91										538		65				526		46

		Sukkertoppen (k)		511		51		10.0												537		61				458		46

		Sukkertoppen (k)		515		49		10.5												497		50				404		46

		Sukkertoppen (k)		515		51		10.1												524		52

		Kangaamiut (k)		533		47		11.3												521		49

		Kangaamiut		530		49		10.8												503		51

		Holsteinsborg (k)		521		52		10.0												497		53

		Holsteinsborg (k)		525		53		9.9												595		54

		Holsteinsborg (k)		530		51		10.4

		Holsteinsborg (k)		513		51		10.1

		Egedesminde		468		53		8.8												534		56

		Egedesminde		513		60		8.6												602		58

		Egedesminde		537		66		8.1												491		56

		Egedesminde		538		65		8.3												504		56

		Egedesminde		537		61		8.8												560		56

		Jakobshavn		497		50		9.9												585		56

		Upernivik (k)		524		52		10.1												530		54

				521		49		10.6

				503		51		9.9												569		59

				497		53		9.4												658		71

		Disko		525.8		54.6		9.6		Ar 91										542		59

		Thule		595		54		11.0												585		62

		Itäkanadalaiset																		686		64

		Pohjois-Grönlanti																		600		57

		?		534		56		9.5												640		62

				602		58		10.4												615		67

				491		56		8.8

				504		56		9.0												585		48

				560		56		10.0												550		45

				585		56		10.4												555		46

				530		54		9.8												537		47

		W-Hudson - Baffin

		Iglulik		569		59		9.6

		Iglulik?		658		71		9.3

				542		59		9.2

		Pond Inlet		585		62		9.4

		Tununirmiut N-Baffin		640		79.4		8.1		Ar 91

		Cape Dorset		686		64		10.7

		Cumberland Sound		600		57		10.5

		Savage Islands		640		62		10.3

		?		615		67		9.2

		Labrador

				666		59		11.3

				733		59		12.4

		Ivuyivik		737		64		11.5

		Ivuyivik		702		69		10.2

		Ungava Bay?		777		67		11.6

		Cape Smith		710		71		10.0

		E-Hudson

				488		75		6.5

				549		71		7.7

		Belcher Islands

				564		72		7.8

				693		75		9.2

				498		79		6.3

		Arktiset

		Caribou

				570		46		12.4

				530		46		11.5

				620		47		13.2

				667		46		14.5

				650		47		13.8

				429		39		11.0

				511		44		11.6

		Netsilik

				552		46		12.0

				616		46		13.4

				639		46		13.9

				616		45		13.7

				589		47		12.5

		Copper

				576		47		12.3

				711		40		17.8

				658		39		16.9

		N-Alaska

		Cape Barrow		526		47		11.2

		Nunamiut		585.5		59.3		9.9		Zim 86

		Kotzebue Sound		527		47		11.2

		Kotzebue Sound		525.6		47.8		11.0		Zim 86

		Cape Krusenstern		526		46		11.4

				458		46		10.0

				404		46		8.8

		N-Alaska short		291.5		59		4.9		Zim 86

		Mackenzie

				488		49		10.0

				443		49		9.0

				501		48		10.4

				390		48		8.1

				478		50		9.6

				483		46		10.5

		Bering Sea

		Seward

		Cape Espenberg		437		61		7.2

		Bering Strait		432		62		7.0		Ar 91

		King Island		468		65		7.2

		King Island		465		72		6.5

		King Island		452.7		64.3		7.0		Zim 86

		King Island		456.6		62.2		7.3		Ar 91

		King Island		434.3		63.5		6.8		Ar 91

		King Island 2-hole		579		66		8.8		Ar 91

		Norton Sound

				518		60		8.6

				510		70		7.3

		Norton Sound		522.7		71.8		7.3		Zim 86

		Nunivak

		Hooper Bay		461		78		5.9

		Nunivak		456		76		6.0

		Nunivak		460		74		6.2

		Nunivak		460		74		6.2

		Bering Sea		460.7		78		5.9		Zim 86

		Bristol Bay (?)

				460		74		6.2

		Eteläalaskalaiset

		Aleutti										same as Zimmerly?

				540		51		10.6

		Kettusaaret		542		46		11.8

				563		42		13.4

				540		53		10.2

				562		47		12.0

		Aleut 1-hole		581.4		43.4		13.4		Zim 86

		Aleut 1-hole		509.5		51.7		9.9		Zim 86

		Aleut 1-hole		509.6		51.8		9.8		Ar 91

		Aleut 1-hole		520.7		51.8		10.1		Ar 91

		Aleut 2-hole		617.2		57.5		10.7		Ar 91

		Aleut 2-hole		627.4		55.9		11.2		Zim 86

		Koniag 1-hole		434		65.6		6.6		Zim 86

		Koniag 3-hole		807		79.3		10.2		Zim 86

		Koryak		322.5		71		4.5		Zim 86

		Meritsuktsi		463		63		7.3		Zim 86

		Porotsuktsi		489.5		49.5		9.9		Zim 86
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