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6. Results 

6.1. Introduction.  

Three questions were proposed in the chapter 2 that could help us produce a 

meaningful dataset of plant microfossils from Mesolithic and Early Neolithic surface 

deposits. These were;  

1. whether plant microfossils survived in association with ceramics,  

2. whether these microfossils could be accorded an origin related to the role of 

the vessel rather than contamination,  

3. and finally, whether the microfossils could be identified to a plant food.  

The answers to these questions will be presented here, on a site by site basis. 

Following these primary data, pertinent evidence from the results of organic-

geochemical analyses will be combined, as will evidence of ceramic features, in 

order to expose patterns of ceramic use and food combinations. Descriptions and 

illustration of modern reference material for starches and phytoliths is given in 

Appendix V. A compendium of the raw archaeological data per sherd is given in 

Appendix VII , including images of starches and phytoliths, and organic-

geochemistry findings. 

6.2. Neustadt. 

6.2.1. Do indicators of foods (including phytoliths and starches) survive in 

association with the vessels?  

6.2.1.1. Macroremains. 

Low-powered microscopy was most useful at Neustadt for recovering animal 

products that may have been cooked. Most frequently this meant fish products, 

evinced by carbonised fish scales, or scales embedded in the deposit. The recovery 

of these remains cannot be confidently said to be representative of the extent of past 

aquatic resource use, as the remains are very fragmentary and clearly at risk of 

destruction and/or erosion from the deposit; the largest scale fragment was c. 1mm.  

More features were found in the Ertebølle (EBK) residues than from the Funnel 

Beaker (TRB) vessels. Of the 17 EBK deposits, 10 had visible features such as fish 
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scales, possible leaf matter and possible bone fragments. This contrasts with an 

absence of any features in the 20 TRB residues observed, and a general amorphous 

appearance at low magnification.    

Examples of possible fish scales were examined by Dr. Jen Harland of York 

University. Only three samples contained examples preserved enough to give a 

cautionary identification. A fragment from sample N_3148_F exhibited a concentric 

ófingerprintô type circuli pattern, displayed in figure 6.1. This is consistent with the 

scales of the Salmonid family, and occurred also in N_2648_F and N_1025_S. 

 

Figure 6. 1. The light brown feature in this image is a portion of fish scale with 

concentric circuli consistent with a member of the Salmonid family, x20. 

Limited success was also achieved at the identification of plant remains from the 

EBK residues at low magnification. In a number of cases it was possible to suggest 

leaf matter or plant stalk, but not to confirm identification, as for example with 

N_3304_F (figure 6.2 a and b). More success was had with sample N_3201_S where 

it was possible to observe lenticels in the initial periderm of bark (figure 6.2c), small 

blistered arrangements of cells involved in gaseous exchange. The adherence of a 

shiny ótar-likeô substance to the sample suggests perhaps birch bark. However, the 

lenticels of birch (Betula sp.) are transverse, and those on the sample appear to be 

longitudinal.   

  

Figure 6. 2. a) possible leaf matter x30, b) a possible plant stalk embedded in the 

charred matrix x30, c) bark periderm showing lenticels, x20.      
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6.2.1.2. Starch grains. 

Using confocal microscopy up to magnifications of x600 it was possible to recover 

plant microfossils from the Neustadt residues. Starches were present in varying 

conditions of preservation, some seemingly undamaged, and some with greater 

degrees of heat alteration such as swelling and retrogradation. Birefringent artefacts 

were confirmed as starches by degradation with Ŭ-amylase (figure 6.3). In all five 

archaeological samples and the modern control, the addition of amylase degraded the 

starch. Granules were present in all of the negative samples, including the negative 

modern control. At Neustadt it was possible to capture time-lapsed images of this 

degradation process (figure 6.4). 

 

Figure 6. 3. The amylase degradation of starches from a sub-group of Neustadt 

foodcrusts, showing also the positive presence of starches in the polarised negative 

controls and modern negative controls. All samples were viewed in both polarised and 

brightfield light.  Polarised images were taken if starches were present because the 

extinction cross better demonstrates their occurrence.   
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Figure 6. 4. A time-lapsed capture of starch degradation with amylase from N_2756_F. 

The sequence from left to right documents intervals at 0 min, 3 min, 6 min, 12 min, 

x600. The method of capture and degradation in this instance follows Hardy et al. 

(2009). 

 

Figure 6. 5. The morphological classes that were confirmed as starch by amylase 

degradation. 

The morphological classes depicted in figure 6.5 were confirmed as starches. At 

Neustadt granules showed various forms of alteration from heat taphonomy. Some 

granules appeared to be unaltered, or only mildly so compared to modern correlates, 

consistent with the observation by Barton and Torrence (2006, 45) that heat 

alteration of granules in water occurs over a range of temperatures, rather than as a 

single homogenous event. The situation is well illustrated by the óbean-shapedô 

granules shown in figure 6.6. In an unaltered state this granule is small, averaging 

only a few microns in length. The small size is correlated with its hydration 

(Alsberg, 1938; Barton and Torrence, 2006). Through heating in water the extinction 

cross becomes progressively more visible and the granule swells, particularly at the 

distal ends. One degradation pathway results in the rupture and gelatinisation of the 

granule, which is beginning in figure 6.6c. The second taphonomic pathway 
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evidenced by many of the granules is retrogradation, as for example those granules 

in figure 6.6d. In these instances swelling is slow enough that catastrophic structural 

changes do not take place. The partial loss of amylose renders the granules more 

brittle, and cracking can occur, usually along expanded lamellae.  

 

Figure 6. 6. Under the influence of heat bean-shaped starches swell (a-b), and may 

either begin to rupture as the gelatinisation point is reached (c), or they crack along 

lamellae (d). 

The length and width measurements of a sample of one hundred óbean-shapedô 

granules, give an indication of the extent of heat alteration in a randomly chosen 

sample from Neustadt (figure 6.7). The range of sizes is quite evenly spread between 

the very small c.6 x 2ɛm up to larger examples c.10 x 3-4 ɛm, with some even larger 

examples nearly 12 ɛm long. In general there is a tendency for a greater increase in 

length than in width, as a feature of the swelling. 

 

Figure 6. 7. In a sample of 50 starches from a single óbean-shapedô class at Neustadt, 

heat-induced swelling is in evidence. The shaded region illustrates the size range for 

modern unheated examples (N=50) of this class type. Outside this range, the granules 

began to show visible evidence of heat-alteration such as cracking. 

 

A     B        C       D 
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6.2.1.3. Phytoliths. 

The possibility for the preservation of phytoliths is much less in question, because of 

the thermal stability of silica. Silica bodies were indeed recovered from the Neustadt 

archaeological residues. Their siliceous nature was established based on their 

properties in polarised light; they are non-crystalline and so are non-iridescent. 

6.2.2. Are these indicators related to the vessel use or are they derived 

from the burial e nvironment?  

6.2.2.1. Starch granules. 

Normalised starch granule counts (mg
-1

 of surface deposit) show two apparent 

clusters (figure 6.8) separating low (green bars) and high (orange bars) starch 

representation. Generally interior deposits (F) exhibit higher counts than exterior 

ósootyô crusts (S). Twenty out of thirty-three of the interior deposits have over 200 

granules mg
-1

, compared to none of the five exterior deposits exceeding 100 

granules. 

 

Figure 6. 8. Starch counts from the Neustadt foodcrusts (mg
-1
). There is a nominal 

distinction between high and low counts, indicated by orange and green bars 

respectively. 



164 | P a g e 

 

A t-test shows the difference between interior (F, N=33) and exterior (S, N=5) 

counts to be significant (p = 9.85
-07 

(<0.01), t= 2.03). This is consistent with a 

deliberate packing of the interior of the vessels with starchy plant foods. The 

complete absence of any granules in 11 instances supports the notion that the 

carbonised matrix is dense and non-porous enough to effectively minimise 

contaminant starches from the burial environment.  

Thirteen of the interior residues fall into the low count per milligram cluster. Their 

values are similar to the ósootyô exterior deposits suggesting they represent vessels 

that have not been used to process starchy plant foods, rather than vessels exhibiting 

differential degradation of starches. Samples in this low cluster were removed from 

subsequent species identifications. Soil samples yielded similar low starch counts to 

the sooty exteriors (average 0.013 granules mg
-1

, 0.01 to 0.02 granules mg
-1

) 

showing an insubstantial migration between the carbonised ófood-crustô and 

surrounding sediment. Were a foodcrust to be more porous in composition therefore, 

it is still unlikely that the crust would uptake contaminant starches against the 

concentration gradient of these microfossils from sediment to ceramic deposit. 

6.2.2.2. Phytoliths. 

Normalised silica body counts (mg
-1

) from Neustadt also display nominal clustering 

into high and low counts, though less pronounced than for the starches. There is a 

significant difference between interior (F) and exterior (S) deposits though (p = 

0.004 (<0.01), t= 2.03, N=33 (F), N=5 (S)). Of the thirty-three interior deposits there 

were some clear examples where counts were very low, such as N_2631_F and 

N_1317_F. A conservative threshold of fifty phytoliths mg
-1

was adopted to filter low 

from high counts.  
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Figure 6.9. Silica body counts for Neustadt foodcrusts (mg
-1
). Those bars indicated in 

green are statistically higher counts than those indicated by a blue bar. 

Those samples that have low counts are indicated by a blue column in figure 6.9, 

those designated high counts have a green column. Nine samples were accepted for 

further phytolith analysis. Of note are those samples such as N_441_S that have a 

complete absence of silica bodies, supporting the notion that the residue matrix is 

preventing the contaminant incorporation of silica from the burial environment, 

suggesting the low interior (F) counts do indeed represent pots that have not been 

used for the processing of silica rich plant material. 

6.2.3. Can the microfossils be identified to a plant food origin?  

6.2.3.1. Starch granule classification : Neustadt. 

The automated classification outcomes for each image taken were combined to give 

a sample result. Figure 6.10 shows the percentage of granules identified as each 

species, with a final column showing the most likely class for that sample, if we 

were to assume a single species is present in the deposit. Thirteen have considerable 

proportions classified as acorns (Quercus sp.), and 11 of those have been classified 
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as primarily acorn type grains. These findings correspond strongly with manual 

observations of the distinctive acorn type granules, suggesting that a primary role for 

these vessels was the processing of acorns.  
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Most likely 
species 

N1317  45  0 0 0 0 0 0 29  67  0 0 4 0 Quercus sp. 

N1456  23  22  9 30  9 9 4 9 9 0 0 0 0 Cyperus 
longus 

N1919  1 0 0 0 0 0 0 0 100  0 0 0 0 Quercus sp. 

N217  46  74  0 15  0 2 4 0 2 0 0 0 2 Acorus 
calamus 

N2285  19  32  0 0 0 0 0 16  5 0 5 0 42  Corylus 
avellana 

N2631  43  0 2 0 0 0 12  5 79  0 0 2 0 Quercus sp. 

N2635  70  3 0 0 0 0 3 34  51  0 1 7 0 Quercus sp. 

N2648  66  32  0 0 9 0 0 30  27  0 0 0 2 Acorus 
calamus 

N2756  5 0 20  20  0 20  0 0 40  0 0 0 0 Quercus sp. 

N2860  60  0 5 2 0 2 12  2 75  0 0 3 0 Quercus sp. 

N3148  29  0 3 0 0 0 14  0 76  0 0 7 0 Quercus sp. 

N3233  24  38  0 0 25  0 8 13  0 0 0 17  0 Acorus 
calamus 

N3304  23  0 0 0 0 0 4 4 61  0 4 26  0 Quercus sp. 

N3305  14  0 7 0 0 7 43  14  29  0 0 0 0 Pteridium sp. 

N3309  27  0 0 0 0 0 4 11  85  0 0 0 0 Quercus sp. 

N3377  30  0 3 0 0 0 27  3 50  0 3 13  0 Quercus sp. 

N629  19  0 5 11  0 0 11  0 68  0 0 5 0 Quercus sp. 

N1494  2 0 0 10
0 

0 0 0 0 0 0 0 0 0 Cyperus 
longus 

N3020  60  52  0 0 0 0 0 0 22  0 24  0 1 Acorus 
calamus 

N387  30
3 

43  0 0 20  0 0 2 11  0 1 0 22  Acorus 
calamus 

Figure 6. 10. The automated classification of starch granules from Neustadt foodcrusts, 

showing the number of granules analysed for each sample with the percentage of 

granules allocated to each species class. 
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Other samples show equally high proportions of some of the other species that 

generated highly identifiable criteria during testing of the automated classification. 

For example Acorus calamus, a type of edible freshwater reed is classified by the 

programme in seven of the samples as well as classifications of other edible reeds 

such as Cyperus longus (n=3), with Corylus avellana (n=2), Filipendula ulmaria 

(n=2) and Armoracia rusticana (n=1). Evidence for a use of cereals is virtually 

absent; the only sample with moderate percentages is represented by a low granule 

count, and comes from an Ertebølle vessel. 

Although it has been established using multivariate statistical analysis that the 

modern starch classes are separable using the 26 morphological variables employed 

in the classification programme, it must be remembered that any archaeological 

granules that do not conform to the size and shape ranges established for the modern 

references will still be classified to the closest comparison. In other words they will 

be assigned a class of closest ófitô, which leaves open the possibility that speciesô not 

included in the reference collection are being incorrectly classified. In the long term 

continued additions of modern references to the automated classification training 

with incrementally alleviate this problem. This primary reference collection is 

composed of those species frequently recorded from plant macrofossils on southern 

Scandinavian sites however, including the sites in this study set.    

6.2.3.2. Phytolith classification . 

The phytoliths at Neustadt form five classes (figure 6.11). None are known from the 

literature, and so all have been named according to the International Committee on 

Phytolith Nomenclature criteria. Commonly present in four of the samples are the 

óglobular sinuateô type (figure 6.11a), which are near spherical bodies with surfaces 

characterised by irregular concavities, giving a near facetate appearance optically but 

without the surfaces being truly flat. They average 6-11ɛm (figure 6.12). 

The third descriptor variable notes anatomical origin which cannot be accurately 

given. However, the features of this phytolith type compare most consistently with 

the type found in the seed casings of Alliaria petiolata (garlic mustard). This 

identification was confirmed by Marco Madella (pers. comm.). These modern 

globular sinuate phytoliths have a similar range of 4.8-11.2ɛm and mean of 6.98 ɛm 

(figure 6.12). This would narrow down the likely tissue origin to a silicified testa 
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(seed coat), or endosperm tissue. In order to better verify this identification the 

phytolith content of fennel (Foeniculum vulgare), salsify (Tragopogon porrifolius), 

chamomile (Matricaria discoidea), and borage (Borago officinalis) were analysed, 

and found not to silicify their seed tissues. 

  

Figure 6. 11. Phytolith forms found in the Neustadt foodcrusts. 

Sample code Sample 

number 

Mean size (ɛm) Max size (ɛm) Min size 

(ɛm) 

Neustadt 

1025_S 

3 10.49 12.48 8.5 

Neustadt 

2756_F 

31 7.24 10.5 4.3 

Neustadt 33 7.8 13.4 3.7 
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1495_F 

Neustadt 

3233_F 

30 10.27 15.4 6.8 

Neustadt 

387_F 

32 8.11 12.0 5.5 

Neustadt  

1193_F 

30 6.43 9.2 3.6 

Neustadt 

629_F 

30 8.48 16.3 5.0 

Modern 

Alliaria 

petiolata 

50 6.98 11.2 4.8 

Figure 6. 12. The minimum, maximum and average size of globular sinuate phytoliths 

from archaeological samples, with modern Alliaria petiolata sizes for comparison. 

Using Scanning Electron Microscopy is was possible to isolate and image a possible 

example of the globular sinuate phytolith from Alliaria petiolata. This is shown in 

figure 6.13, and is c. 8ɛm diam., within the range of modern referents (4.8-11.2ɛm). 

The larger example on the right may be next to a smaller example that is at the very 

small end of the size range. 

 

Figure 6. 13. An SEM image of a probable globular sinuate phytolith from Neustadt 

(N_2756_F) indicated by the arrow. 

The second type (figure 6.11b) is an óoblong irregular rugulateô in the case of 

N_3233_F where the raised striations run parallel to the long axis of the silica body. 

This class may sub-divide into two however, as the descriptor best suited to 

N_2756_F for this class is óoblong irregular sinuateô, as the raised surface 

architecture is less linearly arranged. These were grouped as one class, however 
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because of the broad shape similarity, and the similar size ranges (max 69ɛm, min 

17ɛm, mean 36.7ɛm).  

The third type (figure 6.11c) are epidermal silica skeletons and are common in all of 

the samples with significant counts mg
-1

. They are diagnostic only to the degree that 

they discriminate between monocotyledonous and dicotyledonous plants. The 

example from N_217_F illustrates a monocotyledon contribution to the contents of 

the residue; cells are elongated and parallel-sided.  

Figure 6.11d shows an unusual ósemi-globular verrucateô. These are very rare and 

only found in sample N_2756_F. The convex side displays irregular small bulbous 

protrusions, whilst posterior to this, what appears as a planar margin is slightly 

concave with a smoother surface. Their length along the planar edge is recorded as 

12.7ɛm and 12.6ɛm, from these two examples. There are no recorded correlates in 

the modern reference collection to suggest a taxonomic origin for this type, and so 

neither can an anatomical origin be assigned. 

The final type (figure 6.11e) has a similar size range (max 18.2ɛm, min 13.5ɛm, 

mean 15.8ɛm) to the óglobular sinuateô but differs in terms of the surface 

architecture. These are óirregular globular facetateô bodies; whilst being 

predominantly spherical in many cases they display marked concavities that make 

sharp depressions in the shape. The majority of the surface however, is organised 

into shallow facets, giving the appearance of greater smoothness than the óglobular 

sinuateô type. There are no recorded correlates for this type in the modern reference 

material, making it impossible to assign a taxonomic or anatomical origin. It is 

possible that this type represents a damaged form of the Alliaria petiolata phytoliths, 

worn smoother, and with portions missing, although this does not explain the facets. 

6.2.4. Comparison of plant microfossil data with bulk  isotope and lipid 

residue analys es. 

On their own bulk isotopes give an imprecise description of the composition of 

residues, because there is no way to know the relative isotopic contributions from 

different foodstuffs. By overlaying and comparing plant microfossil data, bulk 

isotope data of experimentally cooked foods and more specific isotopic and 

structural characterisation of lipids, we can disaggregate the bulk isotope patterning 

and give a more precise description of the vesselsô former contents. Figure 6.14 
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shows the bulk isotope ratios of those Neustadt samples that were also studied for 

plant microfossils, alongside a graphical representation of the number of starches 

mg
-1 

correlated with the ŭ
15

N value.  

Overall the wide ranging bulk isotope ranges for Neustadt may indicate use-related 

variation, perhaps brought about by considerable isotopic differences in the 

contributory foods, with their respective carbon and nitrogen contents. 

Agglomerative cluster analysis identifies three groupings in the bulk isotope data 

(figure 6.14) (Appendix VII I, for dendrogram). Cluster A is a group with the most 

enriched carbon-13 and nitrogen-15 values. Cluster B classifies the majority of the 

samples with relatively enriched ŭ
15

N signatures and ŭ
13

C values that span a range 

from c.-20ă to -26ă. Cluster C incorporates those samples most depleted in 

nitrogen-15 as well as five samples most depleted in carbon-13. Within this cluster, 

at a lower degree of dissimilarity is a sub-cluster D which describes a group of TRB 

samples with the most depleted ŭ
15

N values. From the associated graph of plant 

microfossil evidence we can see there is a trend for low starch counts in the group 

with depleted nitrogen isotope values. The ŭ
15

N values from this cluster D are 

statistically lower than the remaining TRB samples (t-test, p=0.0002 (<0.05), t= 

2.13, (<c.6ă) N=7, (>c.6ă) N=11).  

 

Figure 6. 14. The bulk isotope values of the Neustadt foodcrusts showing EBK and 

TRB samples, arranged next to a graph with the same y-axis showing the number of 

starch granules mg
-1
.Clusters are outlined. 

A 

B 

C 

D 
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6.2.4.1. Milk. 

The ŭ
15
N and ŭ

13
C values of our modern fresh and experimentally cooked reference 

foods suggest what the vessels making up these patterns may have held (figure 6.15). 

The milk and plant food sources plot as relatively low ŭ
15

N values, in the region of 

4ă to 6ă. Cluster D is weighted towards the more depleted ŭ
13

C values of the milk 

and plant. 

 

Figure 6. 15. The bulk isotope ratios of archaeological samples plotted against modern 

experimentally cooked reference foods. This graph again compares the ŭ
15

N values to 

the starch counts mg
-1
. 

The absorbed residues for a number of sampes in cluster D also have carbon isotope 

values of individual C16:0 and C18:0 fatty acids that are consistent with established 

ranges for ruminant dairy (Dudd et al. 1999; figure 6.16) These include sherds N_22, 

N_441, N_1457, and N_2451. Figure 6.16 shows these ŭĭįC values on the C16:0 and 

C18:0 compounds, with a close up of those samples corresponding to  Cluster D. All 

display C18:0 fatty acids depleted in 
13

C, as a result of routing of dietary C18:0 to the 

mammary gland during lactation. Although it is possible that the accumulation of 

other reference fats could overlap these relatively discrete isotope ranges in the 

future, based on established criteria for identifying dairy signatures there is clear 

evidence here that dairy foods also occur in pointed-based Ertebølle vessels at 

Neustadt, the earliest evidence of domesticated foods at the site. 
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Figure 6. 16. Above, a graph plotting the single compound carbon isotope ratios on the 

C18:0 and C16:0 fatty acids. Below, a close-up on the ranges for ruminant adipose and 

dairy foods, with those samples in cluster A noted. Ranges were generated using 

authentic marine and freshwater reference fats from Danish coastal, river and lake 

waters. Terrestrial data are a combination of published references (Dudd and 

Evershed, 1998), with northern German wild boar and cow milk, and are plotted with 

95% confidence intervals. 

Starches and phytoliths are also absent in the samples in Cluster D, indicating a 

possibly specialised use of these vessels for dairy products during the Funnel Beaker 

period. Below (figure 6.17) are the bulk isotope values of surface residues overlaid 

with those samples that have significant quantities of starches (figure 6.17, below) 

and phytoliths (figure 6.17, above). With the exception of sample N_217, which has 
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identical values to N_22 and so occupies the same graphical position, Cluster D 

shows no plant remains, whereas those samples more enriched in 
13

C and 
15

N show 

greater mixture of foods.  

 

Figure 6. 17. Above, a graph showing the bulk isotope values for the Neustadt 

foodcrusts, overlaid with symbols that indicate whether significant quantities of silica 

bodies were associated with those samples. Below, the same plot of bulk isotope values, 

with symbols indicating whether there were significant starches associated with the 

sample. 

Single compound isotope analysis of the dominant C16:0 and C18:0 fatty acids provide 

greater identification precision than bulk isotope ratios but there is not always 

enough lipid present in surface deposits to generate these results, or surface deposits 

were absent. Each of the surface deposits has associated absorbed lipid GC-C-IRMS 

results however, and these were overlaid on the bulk isotope plot to identify 


