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INTRODUCTION 

This is the third in a series of reports that presents the pollen record of localized 
upland peat deposits on Exmoor with a broader view toward archaeological 
applications of the data. Peatlands of blanket mire type are now recognized as the 
most extensive form of peat deposit within the British Isles (Moore and Bellamy 
1974; Goode and Ratcliffe 1977; Moore et al. 1984). Such deposits abound in the 
west and north of Scotland, in western Ireland, and in the uplands of northern 
England, Wales and the south-west peninsula. 

In Part 1 of this series (Francis 1986), the general objectives of the Exmoor Upland 
Archaeology and Ancient Land Use Project were discussed in the dim light of 
previous archaeological investigations on the massif and drawing from the few earlier 
palynological studies that focused largely on The Chains area of central Exmoor (e.g. 
Merryfield and Moore 1974; Merryfield I 977). In Part 2 (Francis and Slater 1990), 
attention was drawn to the utility of undisturbed peatlands for addressing the various 
research concerns of environmental archaeologists, palaeoecologists and other related 
scientific practitioners, to the paucity of suitably deep peat deposits away from the 
extensive blanket mire encompassing The Chains area of Exmoor's central plateau 
and, from the perspective of the environmental researcher requiring diachronic data, 
to the present-day changes in land use which are inimical to the survival of these 
limited resources. As with Part 2, this report interprets site-specific data in the hope of 
casting more light on the course of environmental change on Exmoor and indicates 
how anthropogenic impingement contributed to those changes by defining general 
land use practices and their duration. 

CODSEND MOORS 

Codsend Moors (SS 870410) is located in the parish of Cutcombe immediately to the 
east of the Exford-Cutcombe parish boundary within the Somerset portion of Exmoor 
National Park (Fig. I). It is an open tract of moor and heath on a south-facing slope 
with fields of improved grassland pasturage to the south (Fig. 2). As is the case with 
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adjacent Hoar Moor, Codsend Moors consists of communities of semi-natural 
vegetation resulting from fluctuating enclosure and farming practices that began in 
prehistoric times. 

Toward the north end of Codsend Moors is a localized peat formation of blanket 
mire type. Like the peat formation on Hoar Moor, its floristic elements conform with 
the western type of mire in Britain as defined by Goode and Ratcliffe (1977). 
Prominent members of the blanket mire community on Codsend Moors include Purple 
Moor Grass or 'Flying Bent' (Molinia caerula), Heath Rush (Juncus squarrosus) , 
Deer Grass (Scirpus [Trichophorum] caespitosus), Cotton Grasses (notably 
Eriophorum augustifolium or Common Cotton Grass and E. vaginatum or Hare 's-Tail 
Cotton Grass), and species of Bog-Moss (Sphagnum spp.). This mire also appears to 
be a mature, ombrotrophic example, but the presence of the rheophilous Lesser 
Spearwort (Ranunculus flammula) suggests rheotrophic microsites within what is 
essentially a climax, ombrotrophic ecosystem (see Moore et al. 1984, 205-9). 

THE POLLEN RECORD FROM CODSEND MOORS 

SUMMARY OF METHODS 

From a coring station establi shed at 461 m OD (SS 87014106) , a column of sediment 
measuring 90 cm, and subsequently designated 'Core A', was recovered from the Codsend 
Moors blanket mire using a sampler of the type described by Jowsey ( 1966). The monolith of 
peat was packaged successively in polythene wrap, aluminum foil and a rigid plastic casing. In 
due course it was transported to the University of Calgary in Alberta, Canada, for processing 
and analyses. 

Initial inspection in the field immediately after extraction revealed hi ghly compacted, 
largely amorphous sediments comprising the basal peat layers. A few unhumified 
monocotyledonous rootlets and shoots were also in evidence. Farther up the column, the 
sediments appeared increasingly less compacted, more fibrous and herbaceous . Identifiable 
toward the upper end of the core were the relatively unhumified remains of Scirpus 
[Trichophorum] caespitosus, Juncus and Sphagnum. 

In the laboratory, samples of 1.0 ml were taken at 2 cm intervals along the entire length of 
the peat column. After the addition of tablets containing a known number of Lycopodium 
spores, each sample was treated with I 0% HCI, hot I 0% KOH (aqueous) , strained through a 
gooch crucuble, treated with hot HF, acetolysis solution, safranin staining and tertiary butyl 
alcohol. Each processed sample was then mounted in silicon oil (20 cm2/s) . 

Pollen and spore totals for each level were expressed as a percentage of a pollen sum 
consisting of 400 grains per sample of land pollen (i .e., trees, shrubs and herbs). The only 
exception to this procedure was in the case of Sphagnum spores. Becau se of their 
overshadowing abundance in certain levels of the core, the relative percentage values for 
Sphagnum were calculated using the total of the pollen sum (400) plus the counted number of 
Sphagnum spores as divisor. 

Diameter measurements were taken for 100 grains of Gramineae pollen from each level and 
expressed by measurement class as percentages of the 100 grain total. Fossil concentration per 
millilitre was calculated for each sample by the introduced spore method (Stockmarr 1972). 
Four levels of the peat column were dated radiometrically usi ng the standard (i .e., non­
accelerated) radiocarbon method. 

RESULTS OF ANALYSES 

Radiocarbon Determinations 
Table 1 presents the details of the four radiocarbon determinations. The dates form a normal 
sequence (i.e., there are no inversions) and, in general , are considered reasonable. As discussed 
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later, however, there is reason to believe that the date of 930 BP, centred at 21 cm depth in the 
core, may be slightly too old. In addition, it is probable that peat growth was slower during the 
period of deposition of pollen subzone CM A 4a than during deposition of the remaining two 
subzones of Zone CM A 4. Such a situation will have resulted in a miscalculation of the timing 
of vegetational events within that general period because calculations have been made by 
means of interpolation between adjacent radiocarbon dates. It would be desirable to obtain an 
additional radiocarbon date centred at the CM A 4a/CM A 4b boundary in order to verify or 
refute this possibility. 

TABLE I . RADIOCARBON AGES OF SAMPLES FROM THE CODSEND 
MOORS A CORE. 

Depth Laboratory Radiocarbon Age Comments 
(cm) Number (years BP) 

17-25 1- 16,104 930 ± 140 Possibly too old 
55-63 1-16,091 1660 ± 130 Reasonable 
63-71 1-16,086 1990 ± 160 Reasonable 
81-89 1-16,087 2270 ± ISO Reasonable 

Pollen Stratigraphy 
Countable densi ties of pollen and spores were found throughout the entire 90 cm depth of the 
core . Percentage trends through time for primary groupings of pollen and spores (trees, shrubs, 
herbs, Pteridophytes and Sphagnum) are illustrated in Fig. 3 in the form of shaded polygons. 
Also presented in this diagram are the concentration and influx curves for the total of land 
pollen plus Pteridophytes. 

Fig. 4 similarly illustrates relative percentage trends through time for major identifiable taxa 
of pollen and spores , excluding Sphagnum. Graph lines to the right of each shaded polygon 
represent a five-times exaggeration for clarification of smaller percentage trends . As no 
'Coryloid ' pollen grains were observed at any point in the core which could be clearly 
identified as Myrica, these grains have been identified in Fig. 4 as Corylus, and are considered 
here to be virtually synonymous with Corylus avellana. In Fig. 4, minor taxa, defined as those 
which at no point in the core rise above 1 % of the pollen sum, are subsumed under the three 
general categories of 'Other Trees ', 'Other Shrubs' and 'Other Herbs '. Relative percentages for 
these minor taxa are presented in Fig. 5. Again, total land pollen is used as the pollen sum for 
all percentage calculations illustrated in this diagram. 

Fig. 6 illustrates relative frequencies of Gramineae pollen grains by diameter size class for 
each level of the core. Fig. 7 presents influx levels of major contributing taxa of pollen and 
Pteridophytes in each level of the core, excluding Gramineae. Gramineae dominated the counts 
to such a degree that, in the interests of achieving a reasonable scale to illustrate influx for less 
prolific taxa, its influx curve is presented in Fig. 8 together with the curves for total trees, total 
shrubs and herbs other than Gramineae. As is the case in the relative percentage diagrams , the 
curve outside the shaded polygons represents a five-times exaggeration. 

The Codsend Moors (A) core is divided into five pollen assemblage zones on the basis of 
inspection of the relative percentage diagram and multi-factorial correlation of level 
assemblages. By the same means, Zones CM A 3, CM A 4 and CM A 5, each showing too high 
a degree of internal correlation among constituent samples to be dividied into separate zones, 
are divided into subzones to emphasize regions of relatively minor assemblage differences. All 
zone boundaries are indicated on each of the palynomorph diagrams (Figs 3-8). 

Temporal boundaries for each pollen zone are assigned tentatively on the basis of four 
radiocarbon determinations and arithmetic interpolation between adjacent dates, calculated to 
the nearest I O years bp. In tum, the radiocarbon boundaries are translated into years BC or AD, 
calculated also to the nearest I O years according to the calibration presented by Klein et al. 
(I 982). Both sets of temporal boundaries are provided along with assemblage descriptions as 
general guides to the temporal interpretation of the pollen data. Interpretation of each pollen 
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zone in terms of the vegetational regime follows a description of the relevant characteristics of 
that zone's palynomorph assemblages. 

Zone CM A 1 (90 cm-85 cm): 2350 bp-2270 bp; 470 BC-390 BC 
The upper boundary of this zone has been radiocarbon dated; the initiation date is derived by 
interpolation. As shown in Fig. 3, this initial zone exhibits only moderately high and eventually 
decreasing relative percentage values for tree pollen (<40%). Shrub pollen occurs at somewhat 
lower percentages (30% to 20%), also exhibiting a trend of decline through time. Herbs occur 
at moderate percentages and exhibit a significant increase throughout the zone (35 % to 50%). 
Although the Pteridophytes exhibit an overall decrease throughout Zone 1, they occur, as a 
group , at moderately high values (>20%). Sphagnum enters the record at moderately low 
values. 

Pinus is absent from Zone CM A 1 (Fig. 4). Fagus , Ulmus , Tilia, Fraxinus (Fig. 4) and 
Carpinus type (Fig. 5) all occur at very low values (approximately I%). Betula, Quercus and 
Alnus enter the record at their sequence maximum values, but all three exhibit reduction by the 
close of this zone. Betula begins at a moderately high value (12% ), but reduces to under 5% by 
the close of the zone . Cory/us type first appears at its sequence maximum of 28%, but 
decreases to under 19%. Sa/ix, Ericales (undifferentiated), Calluna , Rosaceae 
(undifferentiated), and Potentilla type all exhibit very low values. 

Gramineae increase throughout (in the relative percentage data), reaching 29% by the close 
of the zone. Pollen grain sizes among the Gramineae tend to be fairly small and none occurs 
with a diameter greater than 40 µm. Cyperaceae also increase steadily, but remain below 10%. 
Plantago lan ceolata exhibits a slight increase from 1 % to over 3% but remains at low 
percentages relative to elsewhere in the diagram. Succisa occurs sporadically, but reaches as 
high a value as 1 %. Other herbs are either absent or remain at very low values . 

Among the spores, Pteridium type decreases from 19% to 10%, Polypodium type occurs at 
near trace values, and Dryopteris type, exhibiting its sequence maximum of 8% to 9% in mid­
zone , decreases to just over 3% by the close of the zone . Concentration of Pollen and 
Pteridophytes (Fig. 3) varies between 200,000 and 300,000 grains/ml. Overall pollen and 
Pteridophyte influx varies between approximately 15 ,000 and 20,000 grains/cm 2/yr. Influx 
values (Figs 7 and 8) generally correspond well with the relative percentage relationships as 
described. 

Zone CM A 1 Interpretation 
Unless longer sequences from Codsend Moors are discovered at a later date, it appears that 
blanket mire development was initiated here no earlier than about 470 BC. In our opinion, the 
present data from Cod send Moors support the contention outlined by Moore et al. (1984) that 
initial blanket peat formation in this upland region may have been triggered anthropogenically 
within a generally conducive climatic regime, rather than as a direct result of climatic factors 
alone. 

This initial Codsend Moors A zone bears a strong resemblance to the uppermost levels of 
Zone HM A 2 from the Hoar Moor core as discussed in Francis and Slater (1990), a 
resemblance rendered all the more significant in light of the corresponding ages indicated by 
the radiocarbon dates . The simultaneous reductions in birch, oak, hazelnut and Pteridophytes, 
the rise of alder to its sequence maximum, the virtual absence or occurrence at trace levels of 
most other tree pollen, all in association with strong indications of increase in the local 
importance of the grasses, sedges and Plantago, once again suggest significant clearance of 
woodland on fairly moist pedological conditions (see also Aaby 1986). 

It has been suggested for similar situations (e.g., Groenman-van Waateringe 1986, 189) that 
it is only when crown cover is reduced to 50% or less that grass yields will increase 
considerably. In Zone CM A I the occurrence of tree pollen at under 40% of the pollen sum 
and the strong increase in values for grass and other herbs suggests that forest clearance may 
well have progressed that far. It is worth noting in this regard that much of the rise in total herb 
pollen in the upper portion of this zone is due to Potentilla type, Plantago lanceolata and a 
variety of other field/meadow indicators which are less prolific producers of pollen than grass . 
Given these changes, the rapid decrease in percentages for hazelnut is best explained in terms 
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of anthropogenic factors rather than as owing to closure of the forest, with resultant increased 
shading, such as has been suggested for stations on Dartmoor (Simmons 1964, 169). 

The paucity of grass grains in the largest pollen size categories in Zone CM A 1 indicates 
that if cereal cultivation was being carried out during that period it was either not extensive or 
such activity was not in close proximity to the coring station. The relatively low but increasing 
values for Potentilla type of the Rosaceae, and for Plantago lanceolata, suggest local 
continuance of, and even an increase in, grazing activity. Nevertheless, herb pollen accounts for 
less than 40% of the total pollen sum, suggesting that neither clearance nor grazing intensity 
was extreme but that some degree of grazing occurred within increasingly open forest and 
scrub brush conditions . 

Zone CM A 2 (85 cm-81 cm): 2270 bp-2210 bp; 390 BC-330 BC 
The lower boundary of this zone has been radiocarbon dated; the upper boundary is determined 
by interpolation. This section of the core is represented by only two levels, but they exhibit 
such low correlation with both the preceding and following levels and such high mutual 
correlation that it was necessary to identify them as a full zone. 

The relative percentages for tree taxa decrease in Zone CM A 2 to only 10% of the pollen 
sum (Fig. 3). Shrubs remain fairly steady at approximately 17%, well down from their previous 
levels. Total herbs have jumped to much greater values than previously (65%-72%), thus 
continuing the trend from the previous zone. Reference to Fig. 4, however, indicates that this is 
owing to the rise in values for Pteridium type; Polypodium type and Dryopteris type have 
decreased from the values exhibited in the previous zone. Sphagnum, although fluctuating , 
exhibits little change from Zone CM A 1 values. 

Betula, Tilia and Fraxinus exhibit slight decreases (Fig. 4) . Quercus and Alnus are reduced 
considerably from former values. Among the shrubs , Cory/us continues its decline while 
Calluna occurs at slightly higher values than previously. Hedera makes its first appearance as a 
single pollen grain (Fig. 5) . Potentilla type more than doubles its value to reach 9% (Fig. 4). 
Gramineae essentially stabilizes at just over 30% of the pollen sum. Gramineae grains exhibit a 
significant peak in the largest size categories (Fig. 6) including, in the lowest level of this zone, 
several grains with diameters greater than 40 µm. Plantago lanceolata behaves similarly to the 
Gramineae, reaching a peak of 6% before falling again to 4%. Rumex occurs at notably greater 
values , decreasing from the lower to the upper level; Liguliflorae exhibits a similar pattern. 
Plantago lanceolata reaches a peak of 6% before falling again to 4% . Plantago major type, by 
contrast, rises to a peak at 3% in the upper level of this zone. Cyperaceae continues its strong 
increase from the preceding zone, reaching 18% of the pollen sum. 

Polypodium type and Dryopteris type stablize at very low levels. By contrast, Pteridium 
type nearly triples its final Zone CM A 1 value to reach 28% by the close of Zone CM A 2. 
Sphagnum continues to fluctuate, exhibiting little change from its previous values. Both 
concentration and influx values (Figs 3, 7 and 8) are increased greatly. 

Zone CM A 2 Interpretation 
The strongly reduced values for trees and shrubs, markedly increased values for a wide variety 
of herbs including grasses, and the significantly increased influx values suggest that 
considerable clearing of the land took place during the period represented by this zone. It has 
been suggested that Hedera may be taken as a reasonable indicator of standing, dead trees 
(Garbett 1981, 574). Although the present evidence is minimal and mentioned here only in the 
interests of promoting a more complete discussion of early human activities, it is possible that 
an increased frequency of this taxon, such as occurs in Zones CM A 2 and 3, may reflect the 
use of some technique such as ring-barking rather than outright felling in clearing the land. The 
remaining evidence reviewed above, especially in light of the grass grain sizes, suggests that 
some of this clearing may have been related to cereal cultivation taking place not far from the 
coring station, at least during the early part of zone deposition. 

The peaks in Pteridium type spores and Plantago lanceolata certainly represent generally 
more open conditions at this time and may more directly reflect local intensification of 
agricultural activity (cf. Taylor 1985). It is noteworthy that Plantago lanceolata peaks in the 
lower level of this zone in association with the peak in grass grain sizes. In the upper level, by 
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contrast, there were no grass grains greater than 40 µm diameter, the second and third largest 
size categories of grass grains fell in percentage representation, and Plantago lanceolata 
decreased slightly while Potentilla type, Rumex, Plantago major type, Liguliflorae, Cyperaceae 
and Pteridium type all increased. The difference suggests the possibility that widespread 
clearance and cereal cultivation, in association with the continued grazing of livestock, in the 
earlier portion of zone deposition gave way to field abandonment, perhaps even with increased 
grazing intensity. 

:ZOne CM A 3 (81 cm-59 cm): 2210 bp-1660 bp; 330 BC-AD 330 
Although the upper four levels of the zone differ notably from the lower six levels, all exhibit 
too high a degree of correlation for a separate zone to be distinguished. As a result, these 
grouped levels are dealt with as subdivisions of the same zone. The upper boundary of this 
zone has been radiocarbon dated as has the boundary between the two subzones. 

Zone CM A 3 represents a period of partially recovered values for trees, although they never 
again attain the values exhibited in Zone CM A 1 (Fig. 3). Both total shrubs and total herbs 
fluctuate between moderate and high values . Pteridophytes are much reduced from former 
levels while Sphagnum maintains moderate values, although slightly increased from those 
exhibited in earlier levels. 

Subzane CM A 3a (81 cm---67 cm): 2210 bp-1990 bp; 330 BC-70 BC 
Both trees and shrubs recover somewhat from their previous values (Fig. 3). After an initial 
peak, total trees stabilize at values higher than those exhibited in Zone CM A 2 but only at 
about half the values evident in Zone CM A 1. Total shrubs also show an initial peak but then 
fall to values slightly lower than those exhibited in the previous zone. Total herbs end their 
previous trend of steady increase and fluctuate at moderately high values. Total Pteridophytes 
are reduced greatly but remain at moderately high values for this sequence. Sphagnum 
continues at moderate, perhaps slightly increased levels. Both concentration and influx, 
although remaining moderately high, exhibit reducing trends throughout this subzone. 

Pinus makes its first appearance in this sequence as a spot occurrence (Fig. 4) . Betula, 
Quercus and Alnus show moderate recovery from their previous values. Fraxinus continues 
sporadically. Ulmus and Tilia also occur sporadically, but with significantly lower frequency and 
at lower values than characterized the previous two zones. Salix reduces in value and becomes 
sporadic. After briefly peaking along with more abundant tree taxa, Cory/us and Calluna reduce; 
Cory/us reduces to approximately its Zone CM A 2 values and Calluna to somewhat lower 
values. Carpinus is noticeably more sporadic in occurrence in this subzone (Fig. 5). 

With the exception of a single peak occurrence, Potentilla type reduces to approximately its 
Zone CM A I values. Rumex, Plantago lanceolata and Liguliflorae behave similarly. Artemisia 
occurs as a single grain in the lowest level and is absent in the remainder of the subzone. 
Gramineae increases, reaching greater than 50% of the pollen sum in some levels. Grass grain 
sizes are relatively small and, with the exception of a single occurrence early in the subzone, no 
grains over 40 µm in diameter occur. Fabaceae increases slightly and then becomes steady in 
occurrence. Cyperaceae is reduced markedly in the earlier half of the subzone but then recovers 
notably. Thalictrum (Meadow-Rue) makes its only appearance in this subzone, occurring in 
several levels at trace values (Fig. 5). Pteridium type spores exhibit a slightly decreasing trend 
at values much reduced from those of Zone CM A 2. Other Pteridophytes appear sporadically 
at near trace values. Influx values manifest a general reducing trend that is most evident among 
the herbs (Fig. 8). 

Subzane CM A 3b (67-59 cm): 1990 bp-1660 bp; 70 BC-AD 330 
Total trees are somewhat increased in values in this subzone (Fig. 3). Total shrubs increase 
noticeably, whereas total herbs are reduced to a similar degree. Pteridophytes peak briefly early 
in the subzone, then decrease again to their previous values . Sphagnum is fairly stable at 
slightly increased values. 

Betula, Quercus and Alnus occur at similar or slightly reduced percentages (Fig. 4). Fagus, 
Ulmus and Carpinus, although still occurring at very low values, show some recovery. Cory/us 
and Calluna manifest an even stronger recovery. 
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Rosaceae (undifferentiated) and Potentilla type exhibit slightly increased percentages. 
Gramineae declines from near 50% to approximately 40% of the pollen sum. Grass grains are 
little changed from their previous size class distributions (Fig. 6). Caryophyllaceae and 
Ranunculus make their first sequence appearance in this subzone (Fig. 5), but they appear only 
in trace quantities. Plantago lanceolata increases slightly in value (Fig. 4) as do the two major 
groups of the Asteraceae (Tubuliflorae and Liguliflorae). Cyperaceae and Pteridium type show 
moderate reducing trends. Total influx stablizes at under 10,000 grains/cm 2/yr (Fig. 3) . 
Otherwise, the influx data correlate well with those of relative percentage (Figs 7 and 8). 

Zone CM A 3 Interpretation 
The assemblages of the lowermost levels of this zone suggest some degree of recolonization of 
abandoned clearings. The decrease in influx values correlates negatively with tree, shrub and 
Sphagnum relative percentage increases and correlates positively with herb relative percentage 
decreases. A suitable inference is that both some degree of vegetation closure and increased 
peat deposition were involved (see, e.g., Aaby 1986). 

Although total tree pollen has increased in percentage, both elm and lime become sporadic. 
The indicated date for this event is comparable but slightly later than that suggested for 
elsewhere on Exmoor (Merryfield and Moore 1974). Values for these tree taxa were already so 
low that local representation must have been slight. We have no way of knowing whether such 
trees succumbed to a process such as lopping for fodder, as has been suggested by Heybroek 
(I 963) or whether, in the case of elm, a prehistoric version of Dutch Elm Disease was 
responsible as is now believed possible (Garbett 1981 ). Nevertheless, we believe the closely 
contemporaneous decline of these taxa, followed closely by Fraxinus , to be suggestive of 
anthropogenic causes in addition to, if not instead of, disease. 

Local arable farming is not indicated except, possibly, in the very earliest part of this zone's 
span of time. In contrast, the rise in grasses at the expense of trees, shrubs and most other herbs 
subsequent to the initial recovery peaks in those taxa suggests that grazing activity may have 
increased from previous levels of intensity or, at least, may have continued unabated. The 
evidence is largely reversed in the latter portion of the zone and may reflect, in part, reduction 
of controls by and for grazing. Increasing values for the sedges and Sphagnum in the upper 
portion of Subzone CM A 3a may reflect a rising water table and a generally moister soil 
climate. Similarly, higher values for many trees , for hazelnut, for heath plants and for 
Pteridophyte spores in Subzone CM A 3b may reflect resultant increasing acidification. In 
general , then, farming is absent from the local area. Initial continuance of grazing controls on 
the vegetation gave way, during the Roman period, to more naturally controlled conditions. 

Zone CM A 4 (59 cm-21 cm): 1660 bp-930 bp; AD 330-AD 1090 
The assemblages of this zone are broadly characterized by reduced values for trees, shrubs and 
Pteridophytes together with very high values for herbs (Fig. 3). Sphagnum is very variable 
throughout this zone. Decreasing rather steadily through the lower levels, these Bryophytes 
exhibit a dramatic peak to their sequence maximum just above mid-zone, followed in the 
uppermost levels by a decrease again to very low levels. As was the case with Zone CM A 3, 
the levels of this zone correlate too highly with each other to designate as separate zones; 
however, they can be grouped usefully into three subzones . Both the lower and upper 
boundaries of this zone have been radiocarbon dated while dates for the subzone boundaries 
were determined by interpolation. 

Subzone CM A 4a (59 cm-53 cm): 1660 bp-1350 bp; AD 330-AD 660 
Total trees, total shrubs and total Pteridophytes are all reduced to their sequence minima in this 
subzone (Fig. 3). Total herbs, consisting mostly of Gramineae, dominate at values of 75%-80% 
of the pollen sum. Sphagnum reduces throughout Zone CM A 4 to very low values. 

Betula, Quercus, Alnus, Cory/us and Calluna are all significantly reduced (Fig. 4). Other 
trees and shrubs appear only sporadically with the exception of Salix which is continuous at 
near trace values. Gramineae exhibits its sequence maximum values in this subzone. Grass 
grain sizes once again include several larger grains, particularly in one level in the upper 
portion of the subzone (Fig. 6). Undifferentiated Rosaceae, Potentilla type, Urtica, Rumex, 
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Umbelliferae, Libiatae and Succisa all appear regularly, attaining higher values than achieved 
previously. Fabaceae and Artemisia increase in the uppermost levels. Humulus type occurs in 
two levels. Cyperaceae fluctuates at its lowest sequence values. 

Concentration of pollen plus Pteridophytes, initially steady at approximately 350,000 
grains/ml, rises sharply to approximately 600,000 grains/ml then falls again to about 120,000 
grains/ml (Fig. 3). Total influx exhibits essentially the same pattern, varying between a high of 
just over 30,000 grains/cm2/yr and a low of about 7000 grains/cm2/y r. While generally 
corroborating the relationships indicated by the relative percentage data, it is of note that all of 
the taxa show very strong peaks of influx in these levels (Figs 7 and 8). 

Subzone CM A 4b (43 cm-29 cm): 1350 bp-1080 bp; AD 660-AD 930 
Totals for trees, shrubs and Pteridophytes are increased in value over previous levels, although 
not as high as was characteristic of the uppermost levels of Zone CM A 3 (Fig. 3). The total for 
herbs is correspondingly reduced . Sphagnum reaches its sequence minimum then rises 
dramatically, reaching its sequence maximum in the uppermost level of this subzone. 

Betula, Quercus, and Alnus are all slightly increased over their values in the previous 
subzone (Fig. 4). Cory/us exhibits a very strong recovery, almost to the values exhibited in 
Zone CM A 3b. It is primarily this rise in Cory/us which accounts for the strong rise in total 
shrub pollen although other shrubs exhibit much more modest increases . Salix is notably 
reduced to a single grain occurrence in the lowest level of the subzone. 

Potentilla type reduces throughout this subzone. Gramineae values are also decreased. Grass 
grains exhibit a fairly steady occurrence in the larger size classes including that representing 
grains having diameters greater than 40 µm (Fig . 6). Rumex occurs at slightly increased 
percentages. Umbelliferae, Labiatae and Succisa are reduced. Rubiaceae begins to appear 
sporadically. Cyperaceae increases again at a fairly steady rate throughout this subzone. 

Pteridophytes remain largely unchanged from previous values, although Dryopteris type 
occurs with greater frequency than in the previous subzone. Concentration of pollen plus 
Pteridophyte spores is fairly steady at relatively low values ( <l 00,000 grains/ml) (Fig. 3). 
Influx values follow the same pattern. 

Subzone CM A 4c (29 cm-21 cm): 1080 bp-930 bp; AD 930-AD 1090 
Total trees and shrubs are reduced again (Fig. 3) but Pteridophytes remain at approximately 
their previous values. Total herbs show correspondingly higher values while Sphagnum is 
greatly reduced from the values attained in the latter portion of the previous subzone. With the 
exception of Calluna , all tree and shrub taxa appear to share in the decrease fairly equally (Fig. 
4) . Calluna increases markedly, although remaining under I 0% of the pollen sum. 

Potentilla type recovers slightly but remains at values characteristic of the previous 
subzone. Gramineae declines throughout. Grass grains exhibit a dramatic increase in smaller 
sizes and a decrease in all of the larger size categories except for those >40 µm in diameter 
(Fig. 6). In this size category grains occur steadily at values suggestive of the grain size peak of 
Zone CM A 2. Most other herbs persist largely unaffected, although Cyperaceae continues the 
gradual increase begun in the previous subzone. 

Pteridophytes remain largely unchanged at relatively low values with the exception of 
Dryopteris type which, although at low values, exhibits a greater representation than at any 
time since Zone CM A 2. Concentration continues to be fairly stable at relatively low values as 
does influx (Fig. 3). 

'Zone CM A 4 interpretation 
In general, Zone CM A 4 represents a regime of open grassy meadows together with bordering 
trees and shrubs. The first portion of this period was probably characterized by conditions of 
reduced and decreasing soil moisture on Codsend Moors. The seemingly contradictory peak in 
Succisa in the earlier subzone might be due to colonization by that taxon of slough areas which 
were previously too wet. The dramatic peaks in fossil concentration and influx values in Subzone 
4a reflect the relatively dry, open, grassy conditions with concomitant slow peat growth. 
Furthermore, in the absence of radiocarbon determinations internal to Zone CM A 4, these values 
suggest that the initial subzone of this zone represents the bulk of this period of deposition. 
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There is some suggestion, particularly with the peak in grass grain sizes in the 48 cm depth 
assemblage, that arable farming may have taken place during this period of deposition. The 
presence of Humulus type pollen might also be taken as indicative of horticultural activity. It is 
impossible to say, at present, whether this represents minor activity close to the coring station 
or more intensive activity at a distance. The sustained increase in both Fabaceae and Artemisia 
at this level might, however, reflect colonization of field margins and shifting fallow fields . 

Many of the changes evident in this zone may reflect changing hydrological conditions or 
deliberate clearing, but it is also likely that grazing activity was partially responsible. The 
increased values for this entomophylous group must reflect local abundance, and their 
flowering and propogation would probably be enhanced by the grazing or browsing activity of 
livestock (Moore et al. 1986). 

Subzone 4b appears to reflect a situation of increasing soil moisture and soil acidity, with 
trees, shrubs, sedges and even Pteridophytes regaining a significant portion of their previously 
lost ground. The dramatic increase in Sphagnum spores is particularly suggestive of a 
significant change in soil climate. It is likely that the marked drop in influx values most 
directly reflects an increased rate in peat deposition, although minor closure of the vegetation, 
with increased trees and shrubs, may have contributed to the change. Intensity of grazing 
activity was probably significantly reduced during this period, allowing hazelnut to expand 
greatly (see also Aaby 1986). There is some evidence in the grain sizes for the occurrence of 
cereal agriculture, particularly in association with Artemisia, which may indicate continued 
settlement disturbance (e.g., Behre 1981); but, if such land use did occur, it may have been at 
considerable distance from the coring station. 

Subzone 4c reflects a stabilization toward conditions similar to those of Subzone 4a in terms 
of vegetation dominance, but apparently with a moister soil climate. It is very possible that 
both arable farming and grazing activity resumed with increased intensity during this period. 
The decline in values for Sphagnum in the uppermost levels may have been largely a direct 
result of such activities rather than a climatic change. Once again, the evidence for local 
horticulture is minimal and requires substantiating, or negating, evidence from additional 
analyses. 

Zone CM A 5 (21 cm-0 cm): 930 bp-0 bp; AD 1090-Present 
When considered in terms of the total counts for trees, shrubs, herbs, etc., the assemblages of 
Zone CM A 5 are similar to those of the previous zone, particularly Subzone CM A 4b (Fig . 3). 
Significant differences become apparent, however, when finer categorizations of the taxa are 
considered (Fig. 4). Of particular note in this regard are Corylus, Calluna, Potentilla type, 
Grarnineae and Cyperaceae. Internal variation among the assemblages of this zone was such 
that subzones can be distinguished, but division into more than one zone is not warranted. The 
lower boundary of the zone has been radiocarbon dated; the subzone boundary date is 
determined by interpolation. 

Zone CM A 5a (20 cm-6 cm): 930 bp-220 bp; AD 1090-AD 1680 
Pinus begins to apear regularly, though at trace values, in the latter portion of this zone (Fig. 4). 
Betula and Alnus continue at approximately former values while Quercus increases somewhat. 
Corylus decreases significantly. Along with undifferentiated Ericales, Calluna exhibits a 
dramatic increase, attaining its sequence maximum of over 16% of the pollen sum. 

The Rosaceae, including Potentilla type, decline slightly while Gramineae declines 
substantially, falling to values lower than occurred at any time since deposition of Zone CM A 
2. Grass grains fluctuate widely in size but continue to include regularly several grains in the 
largest size category. Most other herbs fluctuate about values similar to those attained in the 
previous zone. Cyperaceae, by contrast, exhibits a marked rise to its sequence maximum values 
of over 20% of the pollen sum. Pteridium type spore frequencies fluctuate but do not differ 
greatly from values exhibited in the preceding zone. Polypodium type spores do not occur at 
all; Dryopteris type continue sporadically. 

Sphagnum is much increased again (Fig. 3), although not quite reaching values attained in 
Subzone CM A 4b. Overall, concentration and influx values are quite stable. The influx values, 
in particular, are much reduced from the equally stable values exhibited in the latter portion of 
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the preceding zone. There does not appear to be a reasonable explanation for this development 
in the vegetation changes evident in the relative percentage data. As a result, we believe the 
radiocarbon date of 930 bp, marking the initiation of Zone CM A 5, may be slightly too old. 

Subzane CM A Sb (5 cm-0 cm): 220 bp-0 bp; AD 1680-Present 
Total values for trees and for shrubs decline again (Fig. 3). The totals for herbs exhibit a strong 
increase through to the present day. Totals for Pteridophytes initially peak at 20%, then fall to 
7%. Sphagnum decreases throughout this subzone. 

Pinus achieves its sequence maximum, still just above trace values (Fig. 4). Betula and 
Quercus decrease. Alnus, Cory/us and Calluna exhibit very minor peaks initially, then decline. 
Gramineae ri ses in value through to the present day as do several other herbs, most notably 
Rumex and Plantago lanceolata . The larger size classes of Gramineae grains continue to be 
represented (Fig. 6). Cyperaceae (Fig. 4) and Sphagnum (Fig. 3) both decrease. Pteridium type 
exhibits a large peak in the lowest level of this subzone, then declines (Fig. 4). 

Zone CM A 5 Interpretation 
During the period of deposition of Zone CM A 5, the terrain is inferred to be open, dominated 
by grasses but with a significant component of heath plants and sedges . When considered 
collectively, the observed changes in the assemblages are consistent with an interpretation of 
the continued and perhaps accelerated development of cooler, moister soil conditions with 
concomitant increasing pedological acidity. The marked rise in values for ling and other ericads 
at the expense of the grasses indicates possible changes in land use, but generally cooler 
climatic conditions no doubt were a contributing factor. An as yet subjective evaluation of the 
charcoal content of the core suggests the possibility that regular prescribed burning to improve 
available pasturage or to reduce the hindrance of brush for sheep and grouse may have been 
practiced (e.g., Hallam 1978; Sturludottir and Turner 1985, 324). The continued appearance of 
numerous grass grains in the largest size category suggests continuation of arable farming 
although , as before, the distance of such activity from the coring station is not clearly 
interpretable. 

Subzone CM A Sb represents development of a vegetational regime similar to that 
characterizing the latter portion of Zone CM A 4 which, in large measure, is owing to modern 
day anthropogenic influences, among which increased control by fire seems likely. Some of the 
pine pollen is no doubt representative of long distance transport, but it is noteworthy that 
plantings during the last two centuries have placed pine trees within a few miles of the coring 
station (Hallam 1978, 49) . The overall decline in trees is possibly the result of deliberate 
clearing. The suggested ensuing decrease in soil moisture more probably represents some 
degree of increased drainage resulting from human activities rather than climatic factors (e.g. , 
'moorland improvement') . 

DISCUSSION 

There is reason to suspect a noticeable degree of error in the radiocarbon date 
marking the Zone CM A 4/CM A 5 boundary and of resultant error with respect to the 
interpolated dating of the CM A 4a/CM A 4b boundary. Proof that these dates are 
erroneous, however, would require relatively slight adjustment to the inferences made 
with respect to deposition rates and, therefore, the potential damage to the 
interpretations presented above is considered to be negligible. 

Peat formation appears to have been initiated at this coring station by 
approximately 470 BC; we believe that the process was stimulated, if not caused, by 
forest and brush clearance during the course of grazing activity by livestock. There is 
no good evidence for arable agriculture in the earliest levels of deposition. The 
general vegetational community type at this time was one of rather open forest and 
scrub land. It is noteworthy that the inception of peat at this locality is broadly 
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coincident with the transition from Sub-Boreal to Sub-Atlantic climate in the Blytt­
Sernander sequence. This change resulted in a punctuated but marked deterioration in 
the macroclimate with cooler and wetter conditions obtaining for Britain as a whole. 
This raises the problem of the chronic difficulty in assessing the relative importance 
of climatic and anthropogenic factors in the process of local blanket mire formation 
and, more broadly, in determining the relative role of human activity in the profound 
environmental decline of the British uplands (see Francis and Slater 1990, 22). 

In the 4th century BC, clearance of trees and brush and the spread of grasses 
increased dramatically. There is some palynological evidence that the arable farming 
of cereals took place not far from the coring station. Pollen indicia also suggest that 
the grazing of livestock appears to have intensified during this period. By the late Iron 
Age, arable farming decreased locally while grazing by flocks or herds continued 
largely unabated, perhaps even intensifying. Such livestock activity, in turn, may have 
decreased significantly during the earlier Roman period, when trees and shrubs 
recolonise the local landscape to some extent. 

The remainder of the 1 st millennium AD begins with both arable farming and 
grazing activity increasing again during the late Roman period. The local environment 
became dominated by an open, grassy vegetational regime; concomitantly, soil 
conditions became markedly drier. It is likely that anthropogenic activities were a 
primary factor in this change, although the macroclimate may have been a contributing 
element in the process. A reversal in this trend towards a drier local pedogenesis took 
place during the latter half of the 1 st millennium. During that same span of time, 
grazing activity declined but, interestingly, we believe that arable farming was still 
represented locally. During the last century of Anglo-Saxon rule, grazing and resultant 
clearing of brush appears to have increased again both within and near the study area. 

Throughout the Norman period and thereafter until quite recent times (c. AD 
1700), both grazing and some arable farming are indicated. A strong increase in heath 
species during this span of time may reflect such human practices as mowing, sod­
cutting and prescribed burning to improve pasturage for sheep. Finally, the most 
recent period of deposition (c. AD 1700-present) indicates a reduction in the 
frequency of fires, and a probable human role in the representation of particular tree 
species within the pollen spectra. 
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