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Introduction
Taphonomic studies have become an integral part of zooarchaeological research over the past 
30 years. Understanding the processes that led to the samples of animal remains found in 
archaeological sites is crucial for evaluating the validity of interpretations of these datasets (Klein 
and Cruz-Uribe 1984; Lyman 1994a). It is important to recognise that taphonomic analysis, ‘as 
the science of the laws of embedding or burial’ (Lyman 1994a:1), is not done for its own sake, 
but to solve problems in zooarchaeological research (e.g. Gifford-Gonzalez 1991; Lyman 1994a; 
Stiner 2005). The purpose of this paper is to highlight the importance of taphonomic analyses, 
and provide an example of a detailed taphonomic analysis of a fauna – the Twilight Beach fauna 
– related to particular research questions in New Zealand. 

One of the earliest taphonomic studies in New Zealand was Michael Taylor’s (1982) work 
on the Twilight Beach fauna. Since then, taphonomic and zooarchaeological methodology has 
changed considerably. For example, detailed syntheses of quantitative methods in zooarchaeology 
have been published (Grayson 1984; Lyman 1994b, 2008). As important experimental studies 
of carnivore ravaging of bone assemblages have been undertaken (Marean and Spencer 1991; 
Marean et al. 1992), density-related preservation and destruction of bone has been studied 
extensively (Lyman 1994a; Lam et al. 2003; see also Darwent and Lyman 2002), the effects of 
differential recovery of remains on zooarchaeological analyses are better understood (Shaffer 
1992; Gordon 1993; Shaffer and Sanchez 1994; Nagaoka 1994, 2005a), and fragmentation 
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has been explored as a proxy of several taphonomic processes, including the use of within-
bone nutrients (marrow and grease) by humans (Marean and Kim 1998; Wolverton 2002; 
Munro and Bar-Oz 2005; Nagaoka 2005b, 2006). In addition, comprehensive syntheses on 
taphonomy have been published (e.g. Lyman 1994a; Fisher 1995). Finally, extensive analyses 
that incorporate taphonomy in subsistence zooarchaeology are becoming more commonplace 
(e.g. Broughton 1999; Munro 2004; Stiner 1994, 2005).

Taphonomic analyses are somewhat under-utilised in Pacific Island archaeology, and there 
is ample room for expanding their depth and breadth in New Zealand. The most important goal 
of taphonomic analysis is to evaluate the suitability of faunal samples for answering particular 
research questions. Taphonomic analysis helps answer the question: ‘Are we studying what we 
think we are studying?’ We use our re-analysis of the Twilight Beach seal assemblage to illustrate 
how this question can be addressed. Although a taphonomic study of the Twilight Beach sample 
was done previously (Taylor 1982), the research was primarily descriptive and methodological 
and did not focus on particular archaeological or ecological research questions. 

Taphonomic analysis in practice often lacks a theoretical perspective (but see Lyman 
1994a), and our opinion is that failure to use conceptual guide posts has produced variability 
in what it means to assess a zooarchaeological assemblage taphonomically (compare Marean 
and Kim 1998 and Pickering et al. 2003 to Stiner 2002). George Gaylord Simpson’s (1963) 
distinction between immanent and configurational properties of phenomena in the historical 
sciences is deeply relevant to studies that incorporate taphonomic analysis (Lyman 1994a). The 
two concepts, immanence and configuration, provide structure and direct goals for taphonomy 
in zooarchaeology. Simpson (1963:24–25) defines the two properties in the following manner:

The unchanging properties of matter and energy [for example, those of chemistry, physics, and mechanics] 
and the likewise unchanging processes and principles arising therefrom are immanent in the material 
universe. They are nonhistorical, even though they occur and act in the course of history. The actual state 
of the universe or of any part of it at a given time, its configuration, is not immanent and is constantly 
changing. It is contingent … or configurational … History may be defined as configurational change 
through time.

Immanent properties are those that are the same in all places and times, and for which we 
can derive ‘law-like’ statements. For example, the taphonomic effect of bone struck with a certain 
amount of force in a particular direction will be the same whether the taphonomic agent is a 
bison trampling the bone, or a human flaking the bone, or a river rock striking the bone during 
saltation. The physics of flaking bones (or stones) is unchanging across time and space. On 
the other hand, configurational properties are contingent on historical circumstances. In other 
words, they are unique to a particular situation. For example, each faunal assemblage will have 
its own taphonomic history that is configurational (unique because of the specific circumstances 
in which the assemblage was created, preserved and recovered). Often in taphonomic studies we 
record the magnitude or severity with which immanent properties occur in order to document 
configurational properties. For example, burning is an immanent property because it produces 
a specific pattern on bone that is different from other taphonomic processes. When we record 
the degree of burning on bone, we are examining the configurational properties of burning for 
a bone or an assemblage. We are unable to derive laws about what temperature the different 
categories of burning represent, except in only the broadest sense (e.g. calcined bone; Lyman 
1994a:386).

This distinction between immanent and configurational properties is important because 
only immanent properties hold to the uniformitarian principles we tout as the basis for tapho-
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nomy. When we confuse configurational properties for immanent ones, we are saying that the 
magnitude and pattern of taphonomic damage on bone caused by a particular taphonomic 
agent should be the same across time and space, which clearly is not the case, despite statements 
to the contrary (e.g. Marean and Cleghorn 2003 in reference to laws of carnivore damage). 
In addition, it is important to recognise that studying taphonomic configurational properties 
provides us with the taphonomic history of an assemblage, which is crucial for evaluating the 
ability of faunal data to address particular research questions. That configurational history of 
change (or lack thereof ) will include spatio-temporal contingencies in which destructive or 
preservational processes occurred.

In this study, we provide documentation of the taphonomic configuration of the Twilight 
Beach fur-seal faunal assemblage to determine whether or not the fauna can be used to adequately 
address questions related to prehistoric exploitation and prehistoric biogeographic distribution 
of seals.

This study is designed to examine destructive agents, such as carnivore damage, butchery, 
weathering, and other processes that influence survival of skeletal parts, and how they affect 
data used to address larger-scale research questions regarding exploitation of seal carcasses and 
demographic patterns of seals exploited. For example, recent studies of carcass exploitation 
highlight that density-mediated attrition, element fragmentation and diagenetic processes can 
radically alter assemblages (Lyman 1994a; Stiner et al. 1995, 2005). Thus, it is necessary to 
evaluate the taphonomic history of the assemblage and how it has impacted skeletal element 
representation and bone fragmentation, both of which are variables used to understand carcass 
exploitation. In addition, the demographic data gathered from the seal remains will be used 
to determine whether seals were being exploited from haul outs and/or rookeries in the far 
northern reaches of New Zealand. The taphonomic analysis is important here because it can 
determine whether or not low-density, easily destroyed pup remains are under-represented by 
evaluating the destructive formation processes (see Schiffer 1987; see also Wolverton 2001, 
2006) important in the fauna accumulation history at the site. Understanding the demographic 
profile represented in the assemblage can help inform seal conservation efforts that use past 
breeding distributions to model future trends (e.g. Bradshaw et al. 2000, 2002).

Twilight Beach
The Twilight Beach site is located on the northwestern tip of the North 
Island of New Zealand (Figure 1). This peninsula of land is flanked by 
the Pacific Ocean to the east and the Tasman Sea to the west. The region 
is composed of a sequence of sand dunes that have formed within 
the past 50,000 years (Taylor 1982). Before human occupation, these 
sand dunes were covered by light vegetation, which acted to stabilise 
the sediment and minimise erosion. According to wood, pollen and 
charcoal data, the region was covered by mixed podocarp-broadleaf 
forest and scrub before and during initial occupation at Twilight Beach 
(Taylor 1982). The site was occupied during the early period of human 
colonisation at about 1005 BP (NZ6579 in Coster 1989:56). 

After deposition and burial of the Twilight Beach site, the far 
north region of New Zealand was stripped bare of vegetation as a 
result of widespread burning by early Polynesian settlers. The effect of 
this widespread burning and the associated decrease in vegetation was 
to expose the sand dunes to long-term wind erosion, which continued 

Figure 1. The location of the Twilight Beach 
site (N1+2/976).
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until the site was excavated. This wind erosion resulted in the exposure and movement of parts 
of the Twilight Beach deposits, which covered an area of 6 m by 1.5 m, with a depth of more 
than 1 m. The southeastern slope was littered with eroded shell debris and some of the deposits 
were observed falling down the steep northern slope when the site was discovered. Atop the 
pinnacle of the sand dune was the consolidated portion of the shell midden that could be 
observed only from the eastern slope.

When it was recognised that the site would be destroyed by ongoing erosion, it was decided 
it should be investigated (Taylor 1982). The remaining intact deposits were removed in 25 cm 
by 25 cm by 5 cm slices and about 80 percent of the eroded midden debris covering the surface 
of the southeastern slope was collected. All matrix recovered was returned to the University of 
Auckland, where it was screened through nested sieves of 4 mm, 2 mm and 0.5 mm. 

 The stratigraphy of the site is characterised by five main layers. Level 5, at the base of the 
deposits, is a weathered Pleistocene sand layer devoid of cultural materials. This layer was not 
included in the excavated portions. Above this was a yellow dune-sand layer about 1 m thick 
that included some charcoal and shell bioturbated from preceding layers. This layer contained a 
nearly complete moa skeleton, but the skeleton was not fully excavated. Layer 3 formed the bulk 
of the deposit and it varied in composition across the site. At the northern end of the site, Layer 
3 was characterised by charcoal-stained sediment with sparse cultural deposits. At the southern 
end, Layer 3 was characterised by a dense matrix of shell, bone and other artefacts. Layer 2 was 
composed of compact yellow-grey sand and contained very few cultural remains. Finally, Layer 
1, at the top of the site, was composed of a thin, black topsoil with sparse vegetation.

The site produced a large assemblage of animal remains, including remains of shellfish, 
fish, birds, dogs, seals and cetaceans. Taylor (1982) examined all taxa except the bird sample, 
which has never been fully analysed. The assemblage has been important in many other faunal 
studies. The dog remains were used as part of Clark’s (1995, 1997a, 1997b) comprehensive 
morphometric analysis of kuri in New Zealand. The assemblage was also used as part of larger 
studies examining fish exploitation in the region (Nichol 1988; Leach et al. 1997), which 
documented a dominance of snapper (Pagrus auratus). Taylor’s analysis concentrated mainly 
on the mammal assemblage, particularly on the seals. Like Taylor’s work, our analysis focused 
on the Twilight Beach fur-seal assemblage. We chose to emphasise fur seals because our larger 
research questions deal with fur-seal exploitation and because fur seals are the most abundant 
mammalian taxon, with 2880 identified specimens (NISP), and an MNI of 67 (Taylor (1982). 
Thus, the fur-seal assemblage is ideal for examining how taphonomic processes can affect faunal 
data sets. 

Taphonomic analysis
The Twilight Beach seal assemblage was examined for taphonomic factors that could be 
relevant to carcass exploitation and mortality analysis. Specifically, we examined differential 
fragmentation, fragmentation patterns, carnivore damage, weathering, burning and cut marks. 
These taphonomic factors were documented across skeletal elements and body parts (in the 
manner of Stiner 1994, 2002) to determine whether particular skeletal parts were differentially 
affected, and if so, why. 

Differential attrition of skeletal parts
While researchers have long recognised that bone mineral density is likely to be an important 
factor in skeletal element representation (Guthrie 1967; Brain 1969), Lyman (1984) was the 
first to evaluate this assumption quantitatively. He used photon-densitometry to estimate bone 
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density for several points or scan sites across each skeletal element. Since then, bone-density 
values for several different vertebrate taxa have been generated (Chambers 1992; Kreutzer 1992; 
Lyman et al. 1992; Butler and Chatters 1994; Hindelang and Ann 1997; Lam et al. 1999; Pavao 
and Stahl 1999; Stahl 1999; Dirrigl 2001; Pickering and Carlson 2002; Cruz and Elkins 2003; 
Ioannidou 2003; Izeta 2005; Novecosky and Popkin 2005), using different techniques (Lam et 
al. 1998, 2003; Symmons 2004). It has become common practice to assess whether differential 
attrition of skeletal parts has played a role in the formation of the faunal assemblage. 

To determine whether elemental representation of the Twilight Beach fur-seal assemblage 
has been affected by differential attrition, minimal animal unit (MAU, Binford 1984) by scan 
site was compared with bone density per scan site (Lyman 1994a). The analysis shows there is no 
significant correlation nor visual relationship between fur-seal skeletal-element representation 
at Twilight Beach and seal bone density (Figure 2). Therefore, the assemblage as a whole does 
not appear to be affected by density-mediated attrition. In other words, overall, denser portions 
of skeletal elements are not significantly over-represented and less dense portions are not 
significantly under-represented.

Fragmentation analysis methods
Analysis of skeletal-element fragmentation has become important for determining how elements 
have been modified through either cultural or natural processes. In general, the more fragmented 
an assemblage, the more likely that one or more taphonomic processes have been at work on the 
elements in the assemblage. While there are numerous ways to measure fragmentation (Marean 
and Spencer 1991; Lyman 1994a), it is important to make the distinction between measuring 
the extent and the intensity of fragmentation (Lyman 1994a, 1994c; Wolverton 2002). Extent 
of fragmentation refers to the proportion of broken elements in an assemblage. Fragmentation 
extent is often determined using the percentage of whole elements (% whole) (Todd and Rapson 
1988; Lyman 1994b; Wolverton 2002). An assemblage with very few whole elements has a 
greater extent of fragmentation than one comprised mainly of complete elements. Fragmentation 
intensity, on the other hand, examines the degree to which an element is fragmented. Several 
different measures have been used to document intensity of fragmentation. Since an element 

Figure 2. Correlation analysis between bone mineral density and skeletal element representation (MAU) across individual scan 
sites for Twilight Beach fur-seal remains. The line provides a visual representation of the relationship.
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that is more fragmented has a greater number of fragments and those fragments are smaller, 
measures of intensity have examined both fragment numbers and fragment size (e.g. Marean 
and Spencer 1991; Lyman 1994b; Wolverton 2002; Outram 2004; Stiner et al. 2005; Nagaoka 
2006). 

For this study, we used several measures of fragmentation intensity, including the ratio of 
NISP to MNE (NISP:MNE), the average percent of total scan sites represented per specimen 
(shortened to ‘average percent scan site’), and the average fragment size. NISP:MNE is a measure 
commonly used to indicate fragment number (Lyman 1994a, c). It takes the total number of 
specimens identified to a particular element (NISP) and divides that value by the minimum 
number of elements calculated, based on the most common portion of the element represented. 
NISP:MNE answers the question: ‘Of the elements (MNE) represented in an assemblage, 
how many specimens (NISP) occur?’ In this analysis, we recorded portions of elements by 
documenting the bone density scan sites represented (Chambers 1992, Lyman 1994a). The 
value for the most common scan site is the MNE. 

Another measure of fragmentation records the zones or portions of an element represented 
by a specimen (Todd and Rapson 1988), to estimate fragment size. For this assemblage, we 
used the average percent scan site. For each specimen, the bone density scan sites represented 
are recorded. The number of scan sites recorded is then divided by the total possible number of 
scan sites for that element. For example, the humerus has five scan sites. If a humerus specimen 
has two of the five scan sites present, then that specimen represents 40 percent of that element. 
The values for all humerus specimens are then averaged to get the average percent scan site for 
that element in an assemblage. 

One limitation of this measure is that the minimum fragment size is determined by the 
number of scan sites. That is, scan-site coverage is relative to particular elements, and the more 
scan sites an element has, the smaller a fragment can be. For humeri, the minimum fragment 
size is 20 percent, since there are five scan sites for this element. If the number of scan sites 
for an element is three, the minimum size is 33.3 percent; if it is 10, the minimum size is 10 
percent. Thus, the lower threshold of this measure varies across skeletal elements. As a result, the 
measure may not be appropriate for highly fragmented assemblages. On the other hand, this 
problem may be mitigated by the fact that as fragment size decreases, there is a corresponding 
decline in identifiability (Marshall and Pilgram 1991; Lyman 1994a; Wolverton 2002). If the 
minimum identifiable size range corresponds to the minimum scan site percentage, this may 
not be a problem. Further, average percent scan site can be scaled across elements such that the 
lowest common scan-site coverage is used, and if data are treated at ordinal scale, fragmentation 
can then be described as low, medium or high intensity.

Our final measure of fragmentation is an absolute measure. Each specimen was measured 
with a digital caliper to the nearest 0.01 mm to obtain the length of the maximum dimension 
of each fragment (as in Stiner et al. 2005). For this assemblage, we measured the maximum 
fragment length for just a few elements (humerus, radius, ulna, femur) as an experiment, to 
evaluate the utility of this method for New Zealand seal assemblages. The measurements of 
fragmented specimens for each skeletal element were then averaged. 

Fragmentation analysis results
For the Twilight Beach seal assemblage, the extent of fragmentation is high. Only 1.3 percent of 
the seal remains are complete (Table 1). For most elements, none of the specimens are complete 
(Figure 3). There are no whole crania, vertebrae, scapulae, radii, innominates, nor tibiae. 
Fragmentation is least extensive for the lower limb bones. About 30 percent of metapodials 
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and 15 percent of phalanges are complete. Often the percentage of whole long bones is low 
in studies that focus on terrestrial mammals because these elements are fractured for marrow 
extraction (Munro and Bar-Oz 2005). However, seals do not have large marrow cavities in their 
long bones, like terrestrial mammals. The paucity of whole long bones at Twilight Beach more 
likely reflects the predominance of unfused juvenile specimens. Very few of the ends of long-
bone elements that are present are fused. Further, those elements that exhibit a relatively high 
percentage of whole bones tend to be from flippers (metapodial phalanges), the structure of 
which may have offered some protection from fragmentation processes (e.g. human fracturing 
for within-bone nutrients). 

Although most specimens are fragmented (low %whole), the intensity of fragmentation is 
relatively low for all measures. For NISP:MNE, the fragmentation rate across elements is about 
two fragments or fewer per element (Figure 4). Most elements have an average percent scan site 
that falls between 30 percent and 60 percent (Table 2, Figure 5), supporting the NISP:MNE 
results and the interpretation that elements are fragmented into only two or three pieces. In fact, 

Taphonomic process Assemblage total

Extent of fragmentation (% Whole) 1.3

Intensity of fragmentation (NISP:MNE) 2.9

Weathering (% NISP) 13.6

Carnivore damage (% NISP) 9.0

Rodent gnawing (% NISP) 0.3

Cut marks (% NISP) 3.2

Burning (% NISP) 4.2

Table 1. Occurrence of taphonomic processes on the Twilight Beach seal assemblage.

Figure 3. Percentage of whole elements.
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Element Nunber of scan sites Average % scan site

Mandible 6 38.2

Vertebrae 3 32.7

Rib 5 29.3

Scapula 8 23.9

Humerus 5 46.8

Radius 5 34.2

Ulna 4 60.4

Innominate 7 31.3

Femur 6 45.5

Tibia 5 52.6

Fibula 5 40.8

Metapodial 3 64.7

Phalange 3 61.9

Figure 5. Average percent scan 
site across elements.

Figure 4. Ratio of specimen 
fragments (NISP) to the minimum 
number of elements (MNE).

Table 2. Number of scan sites and the average percent scan site for each element.
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when the two measures are compared with one another, there is a negative correlation (Figure 6, 
rs= -0.89, p <0.001). As expected, the larger the fragment, as represented by increasing average 
percent scan site values, the fewer the fragments, as seen in the lower NISP:MNE values. 

Average scan site data can be directly compared with NISP:MNE by calculating the 
expected number of fragments, based on the scan sites represented. For example, the humerus 
has five scan sites; dividing 100 percent by the average percent scan site of 46.8 percent gives 
an expected number of fragments per humerus (expected NISP:MNE) of 2.14. This can be 
compared with the actual NISP:MNE per element from the assemblage to determine how 
well average percent scan site measures fragmentation intensity. When the actual NISP:MNE 
values are compared with the values derived from the scan-site information, the scan-site data 
consistently overestimate fragmentation relative to NISP:MNE (Figure 7). It is likely the 
overestimation of fragment size is because the average scan site is constrained by the number 
of scan sites, as discussed earlier. A more detailed evaluation will require analysis of fragment 
size metrically on fragments of specimens from same-age/sex individuals, which we are unable 
to do using the Twilight Beach fauna. What is important here is that NISP:MNE and average 
percent scan site positively correlate, indicating that both measure fragmentation size/intensity 
at ordinal scale.

Fragment size for humeri, ulnae, radii and femora specimens were measured in their lon-
gest dimension to the nearest 0.01 mm to provide another reference point for the intensity of 
fragmentation (Lyman and O’Brien 1987; 
Outram 2001). Figure 8 shows the fre-
quency distribution of the size data across 
elements. The graphs for the humeri, ulnae, 
radii and femora show a unimodal distribu-
tion of fragment size, indicating that in this 
assemblage, most long-bone fragments are 
medium in size, with some small and a few 
large. In general, few large fragments can 
indicate that %whole is low; however, few 
small fragments reflects either that there 
truly is a low representation of small frag-
ments or that an identifiability threshold 
exists in a highly fragmented assemblage. 
If the latter is the case, then below a cer-
tain fragment size, specimens become un-
identifiable to element (e.g. Marshall and 
Pilgram 1991; see also Marean and Kim 
1998). For Twilight Beach, NISP:MNE is 
low, indicating low fragmentation intensity, 
which supports the conclusion that small 
fragments are rare in the assemblage and 
the distributions of fragment size are not 
related to identifiability. Further, the dis-
tribution for radii is bimodal; the mode at 
the lower end represents proximal epiphy-
ses, which comprise about one-third of the 
sample of radii. This pattern suggests that 

Figure 6. Scatter plot between average percent scan site and NISP:MNE.

Figure 7. Comparison of expected NISP:MNE as measured by average percent 
scan site and the actual NISP:MNE values. The line represents the expected values 
if scan- site data accurately estimate the NISP:MNE value.
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Figure 8. Frequency graphs of fragment size for several long-bone elements.

Element Size range (mm) Average fragment size (mm) Average % scan site

Humerus 67-150+ 64.6 46.8%

Radius 71-152 47.7 34.2%

Femur 38-95 43.4 45.5%

Ulna na 82.9 60.4%

Table 3. Modern size range elements and the average fragment size of the Twilight Beach seal remains.

even when small portions – in this case unfused epiphyses – are present, they are identifiable. 
Average percent scan site is theoretically an approximation of fragment size; in order to 

evaluate this relationship empirically, fragment-size measurements are compared with the scan-
site data (Table 3). The size range for each skeletal element varies considerably because fur seals 
grow until they are six to 10 years old, depending on the sex. Thus, the lower end of the range 
represents pups, while the upper end is adult males. As a result, it is not possible to convert the 
fragment-size data into the proportion of the element that is represented. However, at ordinal 
scale, the two measures appear to be comparable. The element with the largest average fragment 
size is the ulna and it is also the element with the greatest average percent scan site represented. 
A sample of fragment-size data across a larger range of elements is needed to fully understand 
how well percent scan site reflects fragment size for fur seals. While determining how these 
measurements of fragmentation relate to one another is tentative for this sample, they are very 
useful as ordinal scale measures when making comparisons across assemblages. 

Weathering
Weathering is a taphonomic process that occurs when bone is left exposed on the surface. The 
bone often becomes bleached and cracked. Behrensmeyer (1978) developed several weathering 
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stages that focused mainly on the physical breakdown of bone in the form of cracking. For 
this analysis, however, we recorded only the presence or absence of cracking or bleaching. 
Weathering was the most common taphonomic process represented in the seal assemblage, 
with more than 13 percent of the bones showing signs (Table 1). Most specimens were not 
highly weathered (Figure 9), and probably fall into Stage 1 of Behrensmeyer’s (1978) weathering 
stages. Weathered bones should be expected, given that the faunal material was eroding out 
of the dunes. In fact, the provenance of the weathered bone is telling; a significant percentage 
comes from the surface contexts (Table 4). Thus, most of the weathering probably occurred 
recently. The low weathering percentage for bones from non-surface contexts supports Taylor’s 

Figure 9. Percentage of weathered specimens across elements.

Element # weathered 
specimens

% specimens surface  
recovered

Cranium 5 60.0

Mandible 15 53.3

Vertebrae 7 100.0

Ribs 426 47.7

Scapula 6 100.0

Humerus 14 92.9

Radius 8 75.0

Ulna 12 66.7

Innominate 1 100.0

Femur 4 100.0

Tibia 5 100.0

Metapodial 3 100.0

Phalange 1 0.0

Table 4. Number of weathered specimens and the percentage of those weathered specimens 
found in surface contexts.
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(1982:199) interpretation that the site was formed as a result of rapid deposition. For purposes 
of this general taphonomic study, the fact that the weathering is light and only occurs on a small 
proportion of the assemblage indicates it was not an important destructive agent that would 
have removed low-density skeletal parts in the Twilight Beach fauna’s accumulation history.

Animal damage
Animal damage includes rodent gnawing and carnivore gnawing. Only a small fraction of the 
seal bones exhibits any evidence of rodent gnawing (Table 1). In mild contrast, nine percent 
of the seal assemblage is carnivore gnawed. The elements displaying the most damage are the 
long bones, with about 50 percent or more of these elements exhibiting evidence of carnivore 
gnawing (Figure 10). Carnivore damage tends to occur on the ends of long bones because the 
proximal and distal ends contain more fat in cancellous bone, making them more attractive than 
shafts to carnivores (Marean and Spencer 1991; Marean and Kim 1998; Pickering et al. 2003). 
In addition, these ends tend to be less dense than shafts and thus are likely to be sensitive to any 
type of taphonomic agent. As a result, carnivore gnawing (and other processes) can differentially 
affect the sample of long-bone ends in faunal assemblages (Klein 1975; Marean and Kim 1998; 
Pickering et al. 2003). 

To examine whether or not carnivore gnawing played a role in the attrition of long-
bone ends, we analyse the proportional abundance of carnivore gnaw marks relative to the 
distribution of density between proximal and distal ends (as in Binford 1981). It is expected that 
the ‘spongier’ ends (Bunn 1986) – or lower-density ends (Lyman 1984) – are more susceptible 
to damage by carnivores. In addition, cancellous bone contains more grease, which may make 
epiphyseal ends more attractive to carnivores. As a result, we assume that dogs preferentially 
gnawed on low-density ends and thus those portions should exhibit a higher proportion of 
gnaw marks. Table 5 shows the density values for proximal and distal ends of seal long bones. 
As expected, the proximal ends of tibiae and the distal ends of radii, ulnae and metapodials 
are more frequently gnawed than the denser ends (Table 5). However, for humeri and femora, 
proximal and distal ends are evenly gnawed. In fact, of the long bones examined, more than 50 
percent of the specimens for these two elements are carnivore-gnawed at both ends, supporting 
the even pattern of gnaw marks across these elements (Table 6). Femora still follow the less 
dense/more gnawed pattern, but the difference between the two ends is minimal. Even though 
the difference in density between proximal and distal ends of humeri is one of the largest for 
long bones in seals, the presence of gnaw marks in the Twilight Beach sample is the same for 
both ends. This indicates that in those cases in which carnivores gnawed on femora and humeri 
(roughly 50 percent), they showed no preference about which end. 

To determine whether gnawing preference affects the presence of ends in the assemblage, we 
consider whether or not ends are under-represented compared with shafts, using a ratio of shafts 
to ends for long bones in the Twilight Beach assemblage (Table 7). MNEs for shafts and ends 
are tabulated using scan-site counts across portions. If ends and shafts are equally represented, 
then the ratio should be 0.5 (i.e. one shaft per two ends). As Table 7 shows, only metapodials 
have an even representation of shafts to ends. Radii and ulnae exhibit about three times as many 
shafts as expected, given the number of proximal and distal ends, while humeri, femora and 
tibiae have five to six times as many shafts as ends. Since skeletal-element fragmentation related 
to marrow extraction and other processes is minimal (see above), these data suggest a substantial 
proportion of proximal and distal long-bone ends have been lost to carnivore gnawing. The ends 
of humeri, femora and tibiae are larger and likely contain more fat than those of radii, ulnae and 
metapodials, making them more attractive to carnivores. 
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Element Shaft:Ends

Humerus 2.8

Radius 1.7

Ulna 1.5

Femur 3.1

Tibia 2.6

Metapodial 0.6

Element % Carnivore gnaw marks at both ends

Humerus 54.5

Radius 28.1

Ulna 15.3

Femur 53.6

Tibia 41.8

Metapodial 20.0

Table 6. Percentage of carnivore-damaged long bones 
gnawed at both ends.

Table 7. Proportion of long-bone shafts  
to proximal and distal ends.

Element No. of gnawed 
Specimens

Percentage Density

Proximal Distal Proximal Distal

Humerus 88 77.3 77.3 0.43 0.60

Radius 32 40.6 87.5 0.63 0.45

Ulna 59 25.4 47.5 0.44 0.35

Femur 28 78.6 75.0 0.50 0.57

Tibia 55 85.5 56.4 0.39 0.48

Metapodial 10 40.0 80.0 no data no data

Table 5. Distribution of carnivore gnaw marks across proximal and distal ends of the most commonly damaged limb elements, and 
the bone mineral densities for the proximal and distal ends of those elements (Chambers 1992). The underlined values are the ends 
that are less gnawed and those with higher bone densities.

Figure 10. Percentage of carnivore- damaged specimens across elements.

The distribution of carnivore gnawing across elements at Twilight Beach is not straightforward 
and highlights the need not to treat any particular taphonomic process simplistically. It is 
commonly stated that expectations regarding carnivore gnawing effects on long-bone ends are 
uniform across faunas in a ‘law-like’ (immanent) manner (Marean and Cleghorn 2003; Pickering 
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et al. 2003). Our study accentuates that taphonomic histories related to multiple processes need 
to be examined on an assemblage by assemblage basis, and the effects of any particular process 
are expected to be diverse across faunas, related to distinctive contingencies relevant to particular 
taphonomic histories (Lyman 1994a; Stiner 1994). 

Cut marks
Cut marks have been an important part of taphonomic studies, particularly for research 
examining the question of hominid subsistence practices (e.g. Bunn 1981; Bunn and Kroll 1986; 
Lyman 1987). Research on cut marks has focused on identifying cut marks as distinguished 
from natural taphonomic effects (e.g. Olsen and Shipman 1988), documenting the distribution 
of cut marks across a carcass to reconstruct butchering patterns (e.g. Lupo and O’Connell 2002; 
Lyman 2005), and using the number or density of cut marks to indicate intensity of butchering 
(e.g. Abe et al. 2002; Egeland 2003). For example, in Taylor’s (1982) original analysis of the 
Twilight Beach seals, he documented where cut marks tended to occur to reconstruct the 
butchery process. In other research, a high frequency of cut marks at different locations on 
the skeleton has been used to suggest that foragers were processing carcasses more intensively. 
However, recent experimental work has shown that the number of cut marks left on a bone 
is accidental and often does not correlate with the number of cutting strokes, nor butchering 
intensity (Egeland 2003). Thus, cut marks may best be used to indicate that butchering has 
occurred and to determine which elements were removed, or had meat removed from them.

For the Twilight Beach fur-seal assemblage, cut marks were found on fewer than five percent 
of the specimens. Most elements, except metapodials, exhibit some cut marks. Mandibles and 
humeri have the highest proportions of cut marks, followed by femora and phalanges (Figure 
11). Since cut marks are left when muscle or elements are being removed from a carcass, they 
contribute to understanding carcass exploitation at the Twilight Beach site. For example, the cut 
marks on humeri are found mainly on the proximal end of the element, on muscle attachments 
such as the greater tuberosity, the lesser tuberosity and the deltoid ridge, suggesting either that 
meat was being removed from the shoulder area, or that humeri were being detached from 
scapulae. In contrast, lower forelimb elements have fewer cut marks, suggesting these portions 
were less commonly butchered. However, caution must be taken when using these data because 
sample sizes are relatively small. For most elements, the number of specimens with cut marks 
is fewer than 10. Thus, any patterns in cut-mark location may be products of sampling error, 
which may result in spurious conclusions. In addition, given the loss of long-bone ends to 
carnivore damage, cut marks that potentially occurred on these ends as a result of element 
disarticulation are missing. 

Burning
Burning was recorded only as present or absent for the Twilight Beach seal assemblage; no 
attempt was made to record the degree or extent of burning. Only 4.2 percent of the fur-seal 
remains exhibit signs of burning. Most of the burning is found on the lower limbs, particularly 
the phalanges and metapodials (Figure 12). It is possible these elements were burned as 
anatomical units (that is, as whole flippers, rather than individual elements). Burned bone can 
be an indication of cooking; however, bone can also be burned incidentally as a result of other 
cultural or natural processes (Stiner et al. 2005). There are few ethnographic descriptions of 
how seals were cooked, and each seems to describe a different method (Anderson 1994; Smith 
1996). Seal carcasses could have been butchered and cooked in underground ovens, or the meat 
could have been preserved in fat and stored in kelp bags, or they could have been smoked. So 
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it is unclear what to expect for cooked bone in New Zealand sites, particularly from early sites, 
where processing and cooking methods may have differed from those described historically. 
What we do know is there are no cut marks on metapodials and few on phalanges, so it does not 
appear that flippers were being disarticulated during butchery. There is a significant amount of 
carnivore damage on metapodials but not on phalanges, so dogs may have had differential access 
to them, or a preference for one over the other. However, like the cut-mark data, the frequency 
of burning is so low that caution must be taken when trying to extract patterns from the data 
and when relating those patterns to past human actions.

Summary
In general, the taphonomic history of the Twilight Beach fauna suggests that several processes 
had minimal effects on frequencies of skeletal parts represented. Low-density skeletal parts are as 
likely to be preserved as high-density ones, despite the carnivore gnawing on a small portion of 
the seal remains. Carnivore damage on long bones, however, indicates that in many cases ends 
were destroyed by gnawing, and this pattern tended to affect long bones with larger epiphyseal 

Figure 11. Percentage of specimens with cut marks across elements.

Figure 12. Percentage of burned specimens across elements.
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Figure 13. Scatter plot of the values for seal food utility (FUI) and skeletal element 
representation (%MAU) for each element.

Element FUI %MAU % Carnivore damage

Cranium/mandible 27.4 38.21 0.7

Cervical 35.9 10.73 7.6

Thoracic 24.9 3.66 4.2

Lumbar 32.9 0.97 9.1

Ribs 100.0 41.95 2.2

Scapula 19.8 68.29 7.1

Humerus 10.7 100.00 42.2

Radius/ulna 4.8 84.55 18.5

Innominate 44.5 30.08 12

Femur 4.5 32.52 17.9

Tibia/fibula 16.5 50.41 29.3

Flipper 5.0 1.63 37.5

Table 8. Values for seal food utility (FUI), skeletal element representation (%MAU) and percent carnivore damage for each 
element. Food utility data (FUI) from Savelle et al. (1996).

ends. Carnivore gnawing, though one of the relatively important processes in the Twilight Beach 
fauna’s taphonomic history, did not render long bones unidentifiable and thus had a minimal 
impact on skeletal part frequencies overall. Along similar lines, evidence of light weathering 
occurs on parts of the assemblage, but this indicates remains were rapidly buried, which is 
likely to have enhanced preservation. Burning and butchery are apparent in the assemblage, 
but probably simply reflect that the assemblage was cultural. However, the occurrence of either 
process is relatively low, thus study of their effects is limited in terms of detailed analysis of 
human behaviour.
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Implications for subsistence and semographic interpretations
The ultimate goals of studying the Twilight Beach seal assemblage are to understand early seal-
carcass exploitation and to determine the demographic profile of harvested seals. This taphonomic 
analysis has an impact on our ability to use the assemblage to address these questions. 

Carcass exploitation
Foraging theory has been very useful in understanding the human decision-making process 
regarding carcass exploitation (e.g. O’Connell et al. 1988; Bartram 1993; Zeanah 2000; Lupo 
2001; Cannon 2003). If foraging efficiency declined as a result of resource depression, the pattern 
of carcass exploitation would be expected to change. In particular, the kinds of skeletal elements 
found at archaeological sites are predicted to vary depending on their nutritional returns or 
‘utility’ (Binford 1981; Metcalfe and Jones 1989). Elements transported to sites are affected 
by the transport costs involved (Cannon 2003; Nagaoka 2006). If transport distance and thus 
transport costs increase, then the mean utility or net returns of the skeletal elements transported 
should also increase. In other words, foragers will focus on transporting higher-utility elements 
when transport costs increase. However, in settings in which people exploited local resources 
and transport costs are low, a broader range of elements should have been taken back to the 
site, with declining foraging efficiency. That is, with low transport costs, it is advantageous to 
intensify carcass exploitation, with a decline in resource availability.

Analysis of carcass exploitation related to foraging efficiency relies on skeletal-part 
representation data. Thus, it is important to evaluate the taphonomic history of an assemblage 
to understand whether the patterns in skeletal-part frequencies are due to past butchery and 
transport practices or to taphonomic processes. For example, to examine whether carcass parts 
were being transported back to the site based on their nutritional value, we can compare the 
relative skeletal abundance (%MAU) of each element with its utility (FUI, Savelle et al. 1996). 
Analysis of the Twilight Beach fur-seal data shows that skeletal-element abundance is not 
correlated with food utility at an ordinal level (rs= -0.301, p = 0.34; without outlier rs= -0.409, p 
= 0.21). Thus, it appears that instead of transporting elements preferentially, based on nutritional 
returns, humans transported most parts of seal carcasses to the site (Figure 13, Table 8). Overall, 
the taphonomic history appears to have been minimally important in forming the assemblage. 
The bone-density analysis suggests the distribution of elements is not due to differential attrition 
of low-density parts. In addition, there is little weathering across the assemblage and the intensity 
of fragmentation is low. However, carnivore damage could have played a significant role in the 
preservation of skeletal elements. 

To determine whether carnivore gnawing affected element abundances in the Twilight 
Beach seal assemblage, we compared carnivore damage with food utility across elements. 
There is a significant negative correlation between the percent of carnivore damage and FUI 
(Figure 14, rs= -0.643, p=0.24; Table 8), suggesting that dogs (Canis familiaris) primarily 
had access to and were gnawing on relatively low-utility skeletal parts. Thus, in an analysis of 
carcass exploitation, low-utility elements may be under-represented, due to carnivore damage. 
However, our analysis of carnivore gnawing suggests that when dogs had access to long bones, 
they tended to destroy ends, and long bones were not sufficiently damaged to render them 
unidentifiable and analytically absent from the fauna. The low frequency of carnivore damage 
across the assemblage, the fact that most destructive damage occurred in long-bone ends, and 
the fact that end-damage did not render elements unidentifiable indicate the effect of carnivore 
damage on skeletal-part frequencies is limited.
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Perhaps the most important taphonomic variable, fragmentation, relates to multiple 
processes. However, given that non-cultural processes appear to have only mildly affected 
the fauna during its taphonomic history, fragmentation patterns are likely to reflect carcass 
exploitation by humans for use of within-bone nutrients (see Nagaoka 2005b, 2006). As a 
result, the intensity and extent of fragmentation can be used to examine whether the use of 
within-bone nutrients intensified or declined through time, which can be related to a broader 
study of carcass-part transport and exploitation related to foraging efficiency.

Mortality analysis
Previous research on the Twilight Beach seal fauna suggests people exploited seals from a rookery 
near the site (Smith 1985). Given fur seals no longer breed in the region, identifying prehistoric 
rookeries is important for understanding changes in seal distribution, as well as providing 
information to conservation biologists about possibilities for expanding modern seal breeding 
grounds. Morphometric data on prehistoric fur-seal remains are important for identifying the 
population structure of exploited seals. In particular, the presence of pre-weaned pups and the 
paucity of sub-adult males can indicate that rookeries, rather than haul outs, were exploited, as 
indicated by Smith (1985). Pups do not travel far from rookeries early in their lives and sub-
adult males are excluded from adult-male territories. 

Two taphonomic problems relate to the abundance of individuals in these two age/sex 
cohorts at Twilight Beach. First, our taphonomic analysis suggests sub-adult male remains might 
be under-identified in this assemblage because long-bone ends are preferentially destroyed by 
carnivores. It is the presence of large, unfused long-bone ends that allows identification of 
members of this age/sex cohort. However, based on those long bones that are well preserved, 
large, unfused specimens (sub-adult males) are uncommon, indicating a rookery was exploited 
(Figure 15). 

Second, while the presence of pups can be used to indicate exploitation of rookeries, the 
larger the sample of pup remains, the more convincing the argument. However, skeletal ele-
ments of pups are low in density, and thus are more likely to be destroyed by taphonomic pro-
cesses (see Symmons 2005; Wolverton 2001, 2006 for similar discussions). Therefore, it is im-
portant to examine the taphonomic history of the sample to determine whether pups are rare or 

Figure 14. Scatter plot of the rank order of seal food utility and percentage of carnivore- 
damaged specimens for each element.
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Figure 15. Comparison of modern seal mandible measurements with those from Twilight Beach 
to illustrate the demographic composition of the seals from the site.

absent because of exploitation patterns or preservation. Our analysis suggests density-mediated 
destruction of remains and related taphonomic processes did not cause substantial damage to 
the Twilight Beach fauna. As a result, we suggest the abundance of pup remains is representative 
of the demographic structure of seal hunting by prehistoric foragers at Twilight Beach.

Conclusions
Taphonomic analysis is not undertaken in a vacuum, but helps shed light on broader research 
problems. Nonetheless, there is apparent fission in modern zooarchaeology about the role 
taphonomic analysis and quantification should play (compare Marean and Kim 1998 with Stiner 
1998, and Pickering et al. 2003 with Stiner 2002). Our position is that taphonomic histories 
vary by assemblage and appropriate quantitative analysis should vary by research problem. 
Acknowledging a conceptual framework for taphonomy (e.g. Gifford-Gonzalez 1991; Lyman 
1994a) that recognises the different roles that immanent and configurational properties play in 
taphonomic analysis highlights that diversity in taphonomic effects is to be expected. Although 
it is tempting to treat the effects of particular taphonomic processes, such as the role of carnivore 
damage in density-mediated attrition, as uniform (e.g. Marean and Cleghorn 2003; Pickering et 
al. 2004), contingencies of accumulation histories might as easily and uniformly be expected to 
vary through time and across space. As a result, any particular assemblage must be evaluated on 
an individual basis for the analytical role it can play in a particular research question. Taphonomic 
methods should be creative and diverse to account for the myriad permutations and magnitudes 
that attritional agents can play in taphonomic histories of archaeological faunas. 
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