
















































































70 The Past Environment of York

Table 18 Some statistics of assemblages from the Coney Street site. Little attention can be
paid to the percentages for 2104, which are heavily biased by the overwhelming proportion
of probably contaminative grain beetles. Index of diversity estimated from nomograms of
Fisher et al. (1943) and, for low values of N, Williams, C. B. (1947)

A — probably contaminated from 2105, B — not calculated as too few individuals after

subtraction of contaminant grain beetles, C — figure probably biased by contamination from
2104

Context 2121 2105 2104
Sample 118. 1 and 2 1 2 3 4

Number of individuals 90 486 519 217 460 101
Number of species 58 11 15 11 12 22
No. of outdoor species (A) 20 0 0 0 0 5
No. of outdoor species (B) 30 0 0 2 0 8
No. of outdoor individs. (A) 43 0 0 0 0 5
No. of outdoor individs. (B) 45 0 0 2 0 8
9, of outdoor individs. (A) 47.8 00 00 00 00 5.0
9, of outdoor individs. (B) 50.0 0.0 00 0.0I1C 0. 7.9
9. of outdoor individs. (A) after subtraction of

superabundants 47.8 0.0 0.0 0.0 0.0 29.4
9, of outdoor individs. (B) after subtraction of

superabundants 50.0 0.0 00 54C 00 47.1
No. of individs. of typical grain pests 5A 477 514 213 457 84A
9/ of typical grain pests 5.6A 98.1 99.0 982 993 83.2A
No. of aquatic and waterside spp. 5 0 0 0 0 0
No. of aquatic and waterside individs. 8 0 0 0 0 0
9/, of aquatic and waterside individs. 8.9 00 00 00 0.0 0.0
Index of diversity (a) 70 2.0 2.8 23 2.0 B
Standard error of « 14 03 04 04 03

that is, incapable of breeding within a building, can indicate whether a deposit formed indoors
or outdoors (Kenward, 1976a; 1978, AY 19/1).

No undoubted ‘outdoor’ insects were recorded fi m the four subsamples of the humic silt
layer; this is extremely unusual (see AY 19/1, tables 2-5, 7, 9). The only insects from the
subsamples which seem unlikely to have been able to breed in the residue are the two Anotylus
species. Only single individuals of each were present, both in subsample 3, which was probably
contaminated from the overlying silt sealing (2104); this sealing layer included many
‘outdoor’ insects (below, p. 74). The ‘outdoor’ beetles in the bulk samples of 2105 totalled only
about ten individuals amongst over a million estimated to have been seen, and even if the
abundant species were subtracted (AY 19/1, 16) their percentage would remain negligible.

Another useful way of examining these assemblages is by estimating their ‘species richness’,
best expressed by an index of diversity (most conveniently Fisher’s a; AY 19/1, 21 ff.). The
assemblages from Coney Street (context 2105) gave index of diversity values of 2.0 — 2.75
(Table 18). This is very much lower than for any other archaeological assemblage so
far examined (see AY 19/1, tables 2-5, 7-9 for examples; also compare the rank order curve,
fig. 12a, with others.) There can be no doubt that the fauna is very pure ecologically, with
effectively no ‘background’ element derived from other communities, and that it formed in a
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highly protected place such as a store-building, perhaps deliberately constructed to exclude
pests. The extremely low index of diversity is also related to the fact that the community is
from a very specialized artificial habitat (Kenward, 1978, AY 19/1, 21).

The origin of the infestation

It is improbable that the infestation at Coney Street originated from natural populations
of the grain pests. Only C. ferrugineus, amongst the abundant species, seems likely to be a
native of Britain, where it is well established under bark in the south. At present it is known
only as far north as Hereford (Tomlin, 1949-50), and even allowing for a possibly slightly
warmer climate in the Roman period (Addyman et al., 1976) is unlikely to have occurred in
the wild in Yorkshire. There is no reason to believe that O. surinamensis, P. ratzeburgi and S.
granarius are indigenous to Europe; wild populations are rare or unknown (records reviewed
by Kenward in prep.). Tenebroides mauretanicus may also be non-European. A few of the
minor species may have existed in the wild but are more likely to have come from established
infestations together with the main pests. A second possibility is that the warchouse became
infested from populations already present in York. This seems unlikely at such an early date,
only a decade or so after the first establishment of the fortress, and because of the wide range
of pests present. It is much more probable that loads of grain containing a well established,
rich pest fauna were imported from older stores elsewhere, in southern Britain or even
continental Europe.

The duration and importance of the infestation

If the residue formed in small increments the infestation may have existed at a moderate
level for many years. It is more likely, however, that the infestation developed in larger-scale
spillage with conditions prevailing for rapid population growth of species needing high tempera-
tures. It may thus have had a short life, perhaps as little as two or three years. The absence of
grain remains does not imply that the grain was totally destroyed by insects, for cereals do
not survive well under the ‘waterlogged’ conditions which preserve other seeds and insects.
The somewhat eroded condition of most of the insects suggests that conditions were not ideal
for preservation. The minimum life of the residue is hard to estimate without knowing its
initial condition, but if the spilled grain had only a moderate infestation, as would be expected
of grain in transit, the beetles must have passed several generations, This would probably
represent a minimum of rather more than a year (Howe, 1965a).

Species associated with old, foul residues are absent from the fauna, suggesting that the
residue may not have passed into an excessively rotten stage before being sealed. The absence
of such species, however, might well be due to the closed nature of the building. Palorus ratze-
burgi is said to typify old residues and its slow rate of reproduction would mean that several
years would probably be needed for its population to build up significantly (Butler, 1949).
Distorted specimens of some species were present and may have been the result of overcrowding
or other adverse conditions in the ageing residue. The rarity of Ptinus fur and absence of other
Ptinidae, for example T2pnus unicolor (Pill. and Mitt.), which was abundant in the Roman well
at Skeldergate, York (Hall, A. R, etal., AY 14/3), is interesting. However, problems of invasion
may have been important; Ptinids are probably poor colonizers and reproduce slowly (Howe,



72 The Past Environment of York

1953). O’Farrell and Butler (1948) suggested that in Dublin the Ptinid fauna of warehouses
was related to their age. The first phase building at Coney Street perhaps did not stand long
enough for Ptinid invasion; alternatively species other than the ubiquitous P. fur may not have
arrived at York in the Ist century. The fills of the Skeldergate well are believed to be of much
later date (Carver et al., 1978, AY 4/1, 25).

On balance it seems likely that the grain was largely devoured by the enormously abundant
beetles (tens of millions in the whole building) and was reduced to tattered husks, powdery
frass and insect corpses. If the infestation was within the building the insects and the musty
smell of spoiling grain could hardly fail to have been noticed. The level of infestation was so
high as to have been a very serious source of contamination elsewhere; every load of grain
that passed through the building, whether in sacks or in bulk, would be likely to be invaded
by insects. Large numbers may be expected to have been migrating away from the overpopulated
residue to infest any nearby stores even if they did not receive grain from this one. The yet
unlocated main granary of the fortress cannot have been immune. Even if the infestation
developed in a residue after the building ceased to be used for grain handling, the emigration of
insects may have been a serious source of other outbreaks for a few years. The presence of
such a dangerous infestation may have been one of the factors leading to the demolition of the
building and very thorough sealing of the deposit by the thick overlying silt.

It is hard to estimate the quantity of grain which was destroyed on the spot. Sitophilus
granarius is the only obligate primary pest present and thus the only species from which an
argument about the minimum amount of grain destroyed can stem. The remaining beetles
have the capacity to scavenge and recycle food materials although they certainly would have
used primary resources to some extent. S. granartus develops only inside cereal grains and each
individual probably needs one grain for normal development; development in incomplete
grains causes dwarfing. There is an inbuilt mechanism to prevent more than one egg being

laid on each grain caryopsis and colonies die out when all the grains have been used (Coombs
and Woodroffe, 1963; 1964; Surtees, 1965).

The size distribution of the Coney Street S. granarius has been compared with specimens
from a modern culture. There is no evidence for two distinct size classes in the archaeological
material (i.e. normal and dwarfed); this justifies the assumption of a one beetle to one grain
ratio. The modal size is somewhat smaller than that of modern specimens, but this difference
is probably not significant. The number of S. granarius in the humic silt, approximately 6,000
per kg, is high but not extreme when compared with the other species present. It is estimated
that there was up to 100 kg of the humic silt in the excavated area. Somewhere in the region of
600,000 grains weighing very approximately 30 kg were therefore used by S. granarius. While
the number of weevils is very large, it should be noted that it pales into insignificance when
compared with some recorded modern infestations. Fitch (1879) gives examples: in one case
over four thousand million weevils (35 cwt) were sieved from 145 tons of maize.

Oryzaephilus surinamensis, Cryptolestes ferrugineus and Palorus ratzeburgi can only utilize
damaged grains, although the damage need only be slight (below, p. 92); even so they normally
eat only the germ. Their main role would therefore have been to scavenge frass, moulds and
corpses but they may also have subsisted on seeds which were rotted by fungal action and
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may, of course, have caused damage by heating. Tenebroides mauretanicus larvae may have
destroyed considerable amounts of grain although the number of adults found is fairly small.

Thus the quantity of grain spoiled must have been fairly substantial, perhaps a minimum
of a few hundred kilogrammes over the whole building, but it was almost certainly a very small

proportion of what passed through the building and probably not in itself economically
important.

The effects of infestations originating from this one may have been very serious even if grain
leaving the building was contaminated at a low level and was to be stored for relatively short
periods. A very small number of beetles can soon give rise to a serious outbreak under suitable
conditions (Surtees, 1964; Howe and Hole, 1967; Howe, 1965a; 1973). Modern regulations
concerning cereals are strict; for example, Cotton (1956) reports that grain is regarded as unfit
for milling if over 0.5%, of kernels are damaged. However, exacting modern, aesthetically
based, standards cannot be used in estimating the importance of grain spoilage on the Roman
economy. The majority of consumers would not, in any case, have been in a position to choose
the quality of their food. Old European tolerances, or standards found practicable in the devel-
oping countries, are more applicable. In many tropical countries heavy insect contamination
of food is accepted as normal (Hall, D. W., 1955 and Raymond et al., 1954 give examples)
and there is little evidence that small numbers of insect fragments are harmful (Howe, 1965b).
More important is the foul taste and health risk produced by the presence of insect excretory
products, especially uric acid (Venkatrao et al., 1958; 1960; Davey, 1961). Digestive upsets
and diarrhoea are known to result from eating spoiled grain (Solomon, 1943; Oxley, 1950).
Venkatrao et al. (1958) reported that kaffir corn (sorghum) was just palatable after three months’
storage with an infestation of Sitophilus oryzae (L.). This is probably not much less than the
time for which grain might be safely stored in bulk after passing through the highly infested
warehouse at Coney Street, unless of course the moisture content was kept below 10-11% or
its temperature remained very low. After this there would be a good chance that the activity
of the insects would soon have rendered it unfit for human consumption through the high level
of toxic waste products and the effects of heating. Infection of other stored grain by fungi

carried by the insect pests might also have been important (Husain et al., 1968; Sikorowski,
1964).

The embryo-destroying beetles would also of course have been serious as pests of grain
for seed or malting (Howe, 1973); even S. granarius causes marked reduction of germination
although its feeding is restricted to the endosperm (Howe, 1952). The number of embryos
destroyed by each secondary beetle pest during development is apparently unknown (Howe,
1973). The larva of the moth Ephestia elutella Hiib. destroys about 48 embryos (Waloft and
Richards, 1946) but the common beetles probably kill rather fewer. They are, however, a
significant cause of embryo death and if, as suggested (see p. 60; Davies, 1971), brewing was
important to the Romans, losses may have been considerable. Damage to seed grain, too, may
have been serious unless seed was kept on farms rather than in central stores.

That there were infestations at various times both in the fortress and the civilian town is
demonstrated by the large numbers of grain beetles present in the Roman wells at Bedern
(Kenward, AY 14) and Skeldergate (4Y 14/3). The number of beetles in some layers was so great
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that it seems possible that spoiled grain was dumped into the disused wells. Grain beetles were
also found in small numbers in the fills of the Roman sewer at Church Street (Buckland, 1976,
AY 14/1) and have been recorded from many Roman deposits elsewhere.

Although this assemblage is unique in its richness and the abundance of grain pests, sufficient
evidence is now available from a variety of sites to make some comparisons worth while. At
least some of the grain pests were present in Egypt and Israel in pre-Roman times. A number of
species are regularly found on Roman sites both in Britain and continental Europe; Cryptolestes
ferrugineus, Oryzaephilus surinamensis and Sitophilus granarius are very much the most abundant
and regularly occurring, as is the case today in much of the temperate world. The Coney
Street infestation is strikingly richer in stored-products species than other published assem-
blages, although lacking some species which occur in later deposits at York (notably Tribolium
species and Tipnus unicolor (Pill. and Mirtt.) ). It seems that grain pests are typically abundant,
or at least present, in Roman deposits, both urban and to a lesser extent rural. They become
very much less common in post-Roman times; many sites and several hundred Dark Age/
early medieval samples have been examined and found to be almost devoid of grain beetles. Inlater
medieval and post-medieval times grain pests again become a typical component of the fauna.
These changes are almost certainly a result of changing grain storage practice, in particular
decentralization and restriction of trade in post-Roman times, changes only reversed in the
later medieval period.

Spread of humic silt

The insect remains from this layer (2111) are highly oxidized and it is likely that many have
been completely destroyed. The material may be a spread of the humic silt layer, 2105, outside
the foundations of the store-building, produced by spillage and trampling as the building was
dismantled, or a surface on which emigrating insects died or rubbish was swept. Each subsample
gave a fauna dominated by Oryzaephilus surinamensis together with indeterminate remains of
O. sp., presumably O. surinamensis, (perhaps 100-200 per 50g subsample). A Cryptolestes
species, probably C. ferrugineus, was constantly present, perhaps 20-50 per 50g. Otherwise
there were only a few legs, probably of Sitephilus granarius, some fragments of fly puparia,
some unidentified cuticular fragments and a single unidentified mandible. Because preservation
is so poor it has not been possible to make more accurate counts of the insects, so that it is
uncertain whether the proportions of the species differ from those in 2105, as might be the
case were they emigrants from the infestation represented by that deposit. The lack of remains
of Palorus ratzeburgi perhaps indicates some difference in population structure but may be
due to differential preservation. For the same reason the absence of ‘outdoor’ insects cannot
be used as proof that the layer originated indoors.

Sealing layer

This clay (2104) was almost certainly imported as a seal and foundation for the later structure
associated with the charred grain layer. It gave a small fauna of rather poorly preserved insects
(Table 19). The grain insects might be contaminants introduced with small amounts of the
underlying humic silt layer during sampling. Their preservation is much poorer than in the
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Table 19 Records of arthropod remains from the silt sealing layer, 2104

Crustacea Staphylininae gen. et spp. indet. 2(2spp.)
Ostracoda gen. et sp. indet. Tachyporus sp. indet. 1
(valves) 4 Aleocharinae gen. et sp. indet. 1
Insecta Aphodius spp. indet. 2 (2 spp.)
Hymenoptera Anobium punctatum (Deg.) 1
Gen. et sp. indet. 1 Omosita colon (L.) 1
Coleoptera Monotoma sp. indet. 1
Chivina ?fossor (L.) 1 Cryptolestes sp., probably
Bembidion lampros (Hbst.) or ferrugineus (St.)
properans St. Oryzaephilus surinamensis (L.)

Helophorus nubilus F,
Megasternum obscurum (Msh.)
Carpelimus sp. indet.
Platystethus mitens (Sahlb.)
Anorvius mitidulus (Grav.)

Aglenus brunneus (Gyll.)
Palorus ratzeburgi (Wissm.)
Sttophilus granarius (L.)
Ceuthorynchus sp. indet.
Coleoptera larval head capsules
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humic silt, indicating that they were present in the sealing clay or, more likely, at its interface
with the humic layer. The sealing layer had a high proportion of species which do not belong
to the grain habitat and may have been the source of the ‘outdoor’ species found in the humic
silt. The number of such insects recovered from the silt (2104) is insufficient to allow its source

to be determined, but the species’ requirements are compatible with the deposit’s supposed
natural origin.

Charred grain layer

This deposit (2077 etc.) contained very few insects (Table 20) but all were grain pests. Most
were not charred and must have entered the grain after it was burned unless the deposit repre-
sents the charred grains left after a larger bulk of mixed charred and uncharred grains had
decayed. A single carbonized Sitophilus granarius was found in a charred grain from the timber
slot 2098, showing that there was at least some infestation before burning, but as no other
evidence of infestation could be found it seems unlikely that charring resulted from an attempt
to drive pests out of the grain. A quite high level of infestation is necessary before the beetles
become noticeable. Many grains had splits and cavities in them but all seem to have been caused
by heating; formation of cavities would also have been enhanced by partial utilization of the

endosperm by the embryo during germination (above, p. 55). No trace of larval insect remains
could be found in any of the cavities.

Table 20 Records of insects from a bulk sample and four 1000g subsamples of the charred
grain layer, 2077

Subsample number
1 2 3 4 Bulk sample
Lepidoptera gen. et sp. indet. (larva) - —_ —— —_ 1 charred
Coleoptera
Cryptolestes ferrugineus (St.) 22 1 1 1 s
Oryzaephilus surinamensis (L.) s 1 -
Sttophilus granarius (L.) _ - 1 —_ 1 charred
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Discussion

Biological investigation of these deposits has been of great value and has considerably
clarified the interpretation of the site. The underlying silts (2121-4) have been shown to repre-
sent waterlaid deposits on which a soil had formed; dating, however, remains uncertain. Natural
assemblages of seeds and insects were present in the uppermost layer, equated with the A
horizon of the soil, though they became more scarce below this. The biological remains thus
seem most likely to be related to the last phases in the soil’s life, before the dumping of the
foundation layer for the first store-building. The plant evidence (above, p. 52) indicates a weedy
open vegetation, probably in situ: seeds of waterside plants were present throughout the silt
and may possibly be contemporary with the inital deposition.

The bottom of the ditch-like feature, 2125, that cut into these silts was filled with waterlaid
deposits, while the upper part of the fill resembled detritus from human occupation (above,
p. 50). The plant and animal remains from the fill offered no further information.

The first structural phase on the site was represented by a series of parallel slots, inter-
preted as foundations for a timber building (Hall, R. A., et al., AY 6/1), associated with which
was a thin humic silt layer (2105/11) containing many millions of beetles, almost all grain pests.
Cereal remains were not present in significant quantities but there was a residual cereal weed
seed flora. The building has been interpreted as a grain store or transit warchouse in view of its
structure and contents and its position close to the navigable river. An appreciable volume of
grain must have been destroyed by the beetles but the main economic importance of the infesta-
tion was probably as a potential source of further outbreaks elsewhere. There was no evidence
for the kind of grain handled.

This beetle-rich layer was covered by a thick layer of redeposited waterlaid silt containing
a few seeds and insects from natural habitats; this was interpreted as an imported seal for the
infested deposit and a foundation for the next phase of building.

Overlying the sealing layer was a second, closely following, phase of store-building, associated
with what is probably one of the largest deposits of charred grain found in Britain. The cereals
are typical of Roman grain deposits in that spelt predominated. Most of the cereal grains
had germinated, suggesting that the grain was either used for brewing or had become damp
during storage or transit. The deposit also included a rich and varied leguminous component.

The function of the wooden buildings represented by arrays of closely spaced parallel
beam slots and generally regarded as granaries can only be confirmed by biological evidence.
So far as is known, this is only the second site in Britain at which clear evidence has been found
for the presence of grain associated with such structures, although the present buildings do not
have the typical foundation plan of the true wooden ‘granary’ (Manning, 1975). Deposits like
the humic silt layer are particularly likely to be overlooked, yet the insects it contained offered
essential evidence for assessing the function of the building with which it was associated; the
few grains and fragments of cercal epidermis alone could not have stood as evidence of the
presence of grain in bulk. Careful sampling is crucial to the process of excavation. The very
fragile carbonized spikelet parts of cereals, essential for accurate identification, are likely to
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be damaged or lost unless the material is sampled throughout its thickness and treated with
great care, Charred beetles in the grain are also extremely fragile and easily overlooked: they
are not normally recovered by the standard processes used to extract insect remains. Contami-
nation from layers rich in grain insects or charred grain may also be a serious problem and
exceptional precautions are needed on sites where such layers occur.

Before anything more than guesses can be made about the sources and types of grain used
in military establishments in Roman Britain many further large deposits of the kind will have
to be analysed. Ideas about the relative importance and functions of the different cercals may
change. Local cereal crops are more likely to be identified from deposits on civilian sites such
as villas and other isolated communities, where there is less likelihood of cereals being imported
from a distance.

The presence of an extremely rich grain pest fauna within 20 years of the establishment of
Roman occupation in York is particularly interesting. It strongly suggests that insect-contami-
nated grain was imported in bulk from established centres of infestation. The botanical evidence
concurs with this. There is little doubt that this grain was transported from the south: local
grain supplies in northern Britain would probably have been insufficient in the early years of
the Roman presence.

The precise function of the two phases of building is not entirely certain. The site is by the
River Ouse and close to the south-west gate of the fortress. Most legionary fortresses are believed
to have had the main granary located near the gate having best access to water transport (Rick-
man, 1971); the Coney Street buildings may, therefore, have been an off-loading point from
Ouse wharves and may have been used for temporary storage before grain was carried into
the main granary. However, the germinated condition of the charred grain associated with the
second building indicates other possibilities. The deposit is unlikely to represent the remains
of a mass of mixed charred and uncharred grain in which the uncharred had rotted away; too
few insects were present and there were no uncharred weed seeds. The grain thus seems to
have charred throughout its bulk. It was not being heated to destroy insects as they were much
too rare, nor was it freshly harvested grain being dried routinely as germination had started,
although it is possible that the grain had started to sprout in a store or during transit or even
on the ear and was crudely dried on the site and charred accidentally. Treatment of spoiling
grain from the main granary might conceivably have been carried out near the site. Another
possibility is that a bulk of spoiled grain was deliberately burned on the empty lot after the
building was demolished. There is nothing to suggest that the whole building, containing
grain, was deliberately or accidentally burned down. The mixed nature of the grain and its
germinated state would accord well with both deliberate destruction of waste or an intended use,
after drying, as animal feed.

The possibility that the grain was used in malting must be considered critically ; the arguments
have been presented above (p. 60) and the balance of evidence weighs against it. More probably,
grain was frequently lost through germination resulting from a failure to control its moisture
content. This is already implied by the common occurrence of large grain deposits near granaries
in northern forts (Davies, 1971, 133 n. 80). Charring would be cither accidental, during an
attempt to dry the grain for some use such as animal feed where quality is of less importance,
or due to deliberate destruction. From what is known of Roman drying ovens it appears that
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accidental over-heating and charring were very likely to occur. Indeed, it is possible that to
ensure drying at the centre of any appreciable amount of grain, which conducts heat poorly,
charring of the outer layers would be unavoidable.

It is apparent that the Romans in Britain had considerable difficulty in storing grain and
preventing its destruction by fungi, beetles and other pests; they had little control over such
critical factors as moisture and temperature. To judge from the amount of space devoted by
ancient writers to the construction and management of granaries, or the lengthy list of methods
to ensure good storage mentioned by Pliny (White, 1970, 189), it is obvious that they were
fully aware of the problems. There is also structural evidence from excavated granaries, which
demonstrates the care taken in their design, for example the provision of raised floors and venti-
lation ducts in the granaries at Corbridge (Birley, 1954). Such measures were, however, probably
only of limited success, especially in north-west Europe, and losses were evidently considerable.

Methods, Data and Identifications: supplementary notes

The soil analyses: methods and statistical data by ¥. S. R. Hood

All the sediments were analysed using the same procedure. Colour was recorded, according
to the Munsell Soil Colour Charts, for the moist, dry and ashed soils. Loss on ignition after
ashing at 350-400°C was calculated from soil oven-dried at 105-110°C. Conductivity and pH
were determined from the fresh or air-dried soils using a soil conductivity meter and a pH meter.
Ped grade and consistence were recorded but are not tabulated. Particle size analysis was per-
formed on the ashed soils as many urban deposits have a high organic content, and any aggregates
were dispersed with sodium hexametaphosphate and sodium carbonate. A slightly modified
British Standards Institution (1975) method of dry sieving, at half phi (¢) units (¢ = -log,
particle diameter (mm)), followed by hydrometer analysis of the fraction smaller than 63pm.
Particles larger than 63 um were also examined under a microscope for their geological consti-
tuents and archaeological inclusions.

In addition to the archaeological samples material from three modern deposits, collected
during flooding of the River Ouse in York in November 1976, was analysed. The modern
sediments varied in thickness from 10 to 130 mm. The samples (YF1, Mod 35, Mod 37), all
from vegetated areas, have been used for comparison with the archaeological sediments.

The results of the particle size analysis were plotted graphically as phi units against percentage
passing and, for the manual calculation of the graphic statistics, as phi units against percentage
passing on probability paper. The most common graphic representation used by soil scientists
has been log particle size against percentage passing and for convenience this is given in
Figs. 8-9 (pp. 50 and 51).
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A summary of the combined results is presented in Table 21. A computer program,
developed to process the deposits from many different sites throughout York, was used to
calculate the percentage passing and particle size from the sieve and hydrometer values obtained
experimentally. The program also plots the graphs and calculates moment measures and
graphic statistics. Clay, silt and sand fractions and textural descriptions given in Table 21 are
based on the British Standards Institution’s classification, used since 1974 by the British Soil
Survey, which defines silt as being between 0.002 and 0.06 mm (9 to 4.1¢) and sand as between
0.06 and 2.0 mm (4.1 to -1.0¢). The program also calculates the earlier 0.002 to 0.05 mm
and 0.05 to 2.00 mm division system, used by the Soil Survey before 1974, and these values
were used when comparisons were made with published Soil Survey descriptions of soils in
the York area.

To facilitate comparisons between samples, and with samples to be studied from other
York sites, moment statistics were calculated from the particle size distribution curves, using
phi values. The graphic statistics most commonly used are those of Inman (1952) and Folk
and Ward (1957), both of which have certain disadvantages. Inman’s mean size (M¢) has an
efficiency of 747/, whereas Folk and Ward’s mean (M,) has one of 88%,. Both rely on a maxi-
mum of seven values for the calculation of the moment statistics (phi values for the 95, 84, 75,
50, 25, 16, and 5 percentiles). To overcome some of these inaccuracies moment statistics were
calculated from the 91 values at 19 intervals between 5 and 959, and these are represented
with Folk and Ward’s statistics in Table 21. In some cases, where the percentage of clay particles
was too high, the curve was extrapolated to the 59, value before moment measures were
calculated.

Although the actual values obtained using Inman’s, Folk and Ward’s and the computed
moment measures differ, a correlation matrix gave values of 0.9605 and 0.9917 for Inman’s
and Folk and Ward’s means with the computed mean. Values for the standard deviation were
0.9571 and 0.9960 respectively. The third order measure, skewness, was not so close with values
of 0.6295 and 0.8613. Fourth order measures, kurtosis, were better with values of 0.9508 and
0.9647, A full discussion of the different methods used is forthcoming (Hood, forthcoming).
Figures 10a-b and 1lla use the computed moment measures, and Fig. 11b, based on Folk
and Ward’s formula, is included for comparison with Fig. 11a.

The mean (Folk and Ward’s M,) is the average particle size. The higher the standard devia-
tion (SD, Folk and Ward’s oy), in both cases, the less well sorted the sample. The standard
deviation also reflects the energy levels of transportation and deposition and the source material.
Symmetrical curves would have, for skewness moments (Sk,4), a value of 0.0 for normal curves,
those with a tail in the fines would have a positive value, and those with a tail in the coarse
particles would have a negative one. Normal curves would have a kurtosis value of 3.0 from the
computed formula and 1.0 when calculated from Folk and Ward’s (K,) formula, Plotting mean
against skewness (Fig. 10a), standard deviation against skewness (Fig. 10b) and skewness
against kurtosis (Fig. 11a) allows some of the samples to be grouped together and separated
from others. In Figs. 10a and b and 11a all the water-deposited sediments are loosely grouped
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Table 21  Soil analysis data
Context R. Ouse R. Quse R. Ouse 1048 2125 Upper
Flood Flood Flood
Sample YF1 MOD 35 MOD 37 114 116
Munsell Colour
Moist 2.5Y 3/2 2.5Y 3/2 2.5Y 3/2 10YR 4/6 10YR 4/3
V.dk.greyish  V.dk.greyish V.dk.greyish Dk.yellowish Brown-dk.
brown brown brown brown brown
Oven dry 10YR 6/2 2.5Y 53 2.5Y 5/2 10YR 7.4 2.5Y 7/2
Lt. brown Greyish Greyish V. pale Lt. grey
grey brown brown brown
Ashed 7.5YR5.5/4 7.5YR5 4 7.5YR5/5 5YR5/6 5YR 76
Brown-It. Brown Brown— Yellowish Reddish
brown strong red yellow
brown
Loss on ignition “,, 3.93 4.33 6.44 1.69 2.43
p 7.1 7.05 7.05 7.1 7.1
Conductvity p MHOS 250 430 425 240 320
Clay 9, 4.37 7.32 14.58 14.22 0.37
( fine 1.93) 2.83 6.85) 4.02) 0.54
Silt 2, medium 3.03 - 1I'1.95 3.81 27.14 10.14 39.20 6.15 18.24 15.62 - 33.60
| coarse 12.29] 20.501 22.21) 8.081 17.45)
| fine 71.23 54.74) 45.73) 36.64 ) 28.70)
Sand %, medium 6.46 77.68 10,77 65.55 0.46 46.21 28.74 67.53  23.81 66.03
| coarse 0.001 0.03] 0.021 2,151 13.52)
Gravel 2, 0.00 0.00 0.00 0.61 3.35
Texture Fine loamy Fine sandy Fine sandy Medium Fine sandy
sand loam silt loam sandy loam loam
Moment measures ()
Computed
Mean 3.51 3.86 5.19 4.16 3.00
S.D. 1.15 1.68 2.38 3.01 1.88
Skewness 2.14 2.03 1.27 1.65 0.13
Kurtosis 8.26 7.35 3.54 4,71 2.15
Median 3.18 3.34 4.16 2.81 2.82
Mode 2.69 4.58 3.21 2.22 4.28
Folkand Ward (1957)
Mz 3.44 3.58 5.30 4.30 3.05
o] 1.46 1.88 2.3 3.36 2.30
Skid 0.55 0.50 0.66 0.76 0.08
Kg 2.22 1.89 1.17 1.57 0.93
Curve shape Leptokurtic Leptokurtic Leptokurtic Leptokurtic Mesokurtic
Possible origin Flood soil Flood soil Flood soil flligotgl;al Derived

but are well separated from the three derived soils. Figures 10a and b group contexts 1041 and
2104 very closely, while the upper ditch fill (2125, upper) is isolated. Figure 1la groups the
three soils together, and separate from the water-deposited sediments which are in an almost
straight line. A correlation coefficient of 0.9839 was obtained for the samples when contexts
1041, 2104 and 2125, upper, were excluded. In all cases the archaeological water-deposited
sediments lie within the range of the modern flood deposits.

A computer print-out of the full details of the analysis is available from the Environmental
Archacology Unit, University of York.
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2125 Lower 2121 2122 2123 2124 1041 2104
117 118 119 120 121 100 131
10YR4.5/2 7.5YR 3/2 7.5YR 3/2 10YR 8/2 2.5Y8/2 7.5YR 44 10YR 4/3
Greyish Dark Dark White White Brown-—dk. Brown—dk.
brown brown brown brown brown
10YR 8/2 10YR 5/1 10YR 6/2 10YR 7/3 2.5Y 8/2 10YR 74 10YR 6/3
White Grey Lt. brown- V. pale White V. pale Pale
ish grey brown brown brown
10YR 6/3 10YR 6/4 10YR7/3 7.5YR6/5 10YR 7/4 5YR5/6 5YR6/6
Pale Lt. yellow- V. pale Light V. pale Yellowish Reddish
brown ish brown brown brown brown red yellow
1.61 4.24 2.87 2.34 1.03 2.73 2.51
7.2 6.95 6.9 7.1 7.1 7.1 7.2
180 300 325 690 290 425 450
12.03 6.69 8.81 14.31 10.27 27.20 25.04
4.46 ) 3.90) 3.08) 4.51) 4.76 ) 11.55 12.54)
6.56 27.26 6.16-2456 6.50-26.22 6.20-29.57 7.05 32.82 11.63 34.42 10.01 30.48
16.241 14.49 | 16.64 | 18.87 21.01 11.24| 7.93)
46.73 ) 50.23 47.42) 45.65) 48.67 23,24 24.13,
12.06 60.71 17.02 68.75 16.33-64.97 10.02-56.11 7.59 -56.91 10.18 38.38 12.43 44.48
1.92] 1.50] 1.22) 0.44) 0.651 4.971 7.92|
0.52 0.34 0.15 0.05 0.01 1.71 3.49
Fine sandy Fine sandy Fine sandy Fine sandy Fine sandy Clay loam Clay loam
loam loam loam loam loam
4.38 3.75 3.95 4.69 4.41 5.93 5.30
2.41 1.76 1.99 2.60 1.99 3.26 3.27
1.54 1.55 1.68 1.50 1.39 0.18 0.05
4.64 4.89 5.50 4.33 4.10 1.73 1.62
3.53 3.18 3.31 3.78 3.80 5.57 4.74
2.72 2.74 2.74 2.71 3.25 2.73 2.74
4.49 3.74 3.88 4.85 4,52 6.05 5.30
2.86 2.06 2.34 3.01 2.34 3.75 3.62
0.60 0.54 0.55 0.62 0.53 0.13 0.12
1.69 1.60 1.75 1.54 1.52 0.72 0.71
Leptokurtic  Leptokurtic  Leptokurtic  Leptokurtic  Leptokurtic  Platykurtic Platykurtic
Natural Natural Natural Natural Natural Imported Imported
water ? flood ? flood ? flood ? flood ? soil ? soil ?

Notes on identification of grain and seeds by Dorian Williams
The grain
Wheat (Triticum spp.)

The identification of wheat from naked grains is difficult owing to the morphological similarity
between species, and in this deposit further complications were caused by germination. Sprouting
was very noticeable with a high proportion of the grains displaying plumules 2-3 mm in length,
resting in distinct grooves on the dorsal side, as well as an abundance of sprouting basal shields
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Table 22 Measurements of spelt caryopses based on a total count of 250 grains

Length Breadth Thickness LB ratio TB ratio
Minimum 3.8 mm 2.0 mm 1.7 mm 133 63.2
Mean 5.4 mm 3.1 mm 2.5 mm 171 80.3
Maximum 7.9 mm 4.1 mm 4.0 mm 229 113.7

detached at the scutellum. The more advanced sprouting of these grains could possibly be
explained by the species having germinated at different times, but is more likely to be a reflection
of greater germination vigour of wheat. Some distinction between species was attempted on the
basis of grain shape and dimensions. The occurrence of comparatively broad, flattened grains
with blunt apices indicated the presence of spelt (Triticum spelta L.). The grains were measured
(cf. Van Zeist, 1968, 48, fig. 2) using a calibrated ocular micrometer (see Table 22). These
criteria cannot be considered conclusive because of the variety of changes that occur in the shape
of a grain during carbonization so that measurements based on charred grain are not directly
comparable to the dimensions of modern uncharred material (Renfrew, 1973, 9-13). The possible
presence of other species of wheat, particularly emmer, in these deposits could not be eliminared.
Several grains had a domed dorsal side characteristic of this latter species.

Fortunately, some spikelet parts were recovered enabling more positive identification of the
species present. Spikelet forks were scarce; only 26 could be conclusively identified as spelr,
although the size and robustness of the others would suggest that they belonged to this species.
The scarcity of spikelet forks does to a certain extent contrast with other spelt deposits where
germination was apparent, for example at Valkenburg in The Netherlands (Van Zeist, 1968),
where whole florets were found. However, it is doubtful whether this is an indication that the
grain had been threshed prior to its destruction. The grains of spelt are tightly enclosed in their
glumes and are not readily released during threshing unless the florets have been previously
rendered brittle by heating. This latter process results in the death of the embryo and had
obviously not occurred here. It is probably unwise to base any conclusions on the scarcity of
spikelet forks; they are delicate structures, readily breaking up into their constituent parts,
and their survival is largely a matter of chance. Detached glume bases, on the other hand,
were relatively common. This is a situation that can be regarded as normal with spelt (Helback,
1952b, 101).

The spikelet forks recovered were typical of spelt, with traces of the ascending rachis and the
relatively broad articulation surface. Other spikelet forks, smaller in size than these typical
spelt specimens, were also recovered, although the lateral surfaces of their glume bases displayed
similar venation. The breadth of these glume bases would also suggest that they belong to
this species and they are considered to be the spikelet forks of the apical florets. Several hundred
of the robust glume bases of spelt with their prominent veins were picked out; many more
were left with the sample.

Apart from morphology there are distinct differences in dimensions between the spikelet
forks of emmer and spelt. Two measurements are of particular significance, namely the breadth
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Table 23 Dimensions of the spikelet forks of spelt

Dimension A Dimension B
Base type Lateral  Apical*  Glume Lateral  Apical Glume
base base
Numbers
measured 10 5 0 10 5 20
Measurements:
minimum 1.78mm  l.15mm — 1.03mm  1.03mm  0.92mm
mean 1.96mm  1.33mm — 1.20mm  1.2lmm 1.06mm
maximum 225mm 1.50mm — 1.37mm 1.3dmm  1.34mm
*

In the absence of an articulation scar on these apical spikelets, measurements were taken
across the middle of the basal part.

of the spikelet fork at the point of articulation (dimension A) and the breadth of the glume
base (dimension B) (cf. Helbaek, 1952a, 217, fig. 11). The measurements obtained (see Table
23) agree very closely with those given by Helbaek (ibid., 218) and further confirm the presence
of spelt.

Spelt was the only Triticum species whose presence could be conclusively demonstrated in
these deposits and was probably the dominant wheat. Numerous grains displayed a convexly
curved side and a domed dorsal surface reminiscent of emmer. A few rather unusually shaped
caryopses were noted which compared well with the drop-shaped grain described by Van
Zeist (1968, 52-3), and which were assigned by him to emmer (Triticum dicoccum). It is however
worth noting that these drop-shaped grains are even more common in charred bulks of spelt
than they are in emmer. They seem, generally, to result from the grain being charred before
it is fully ripe and while still confined within the spikelet (G. Hillman, pers. comm.). It is there-
fore probable that these grain shapes are no more than fortuitous deformations resulting from
heating.

A small number of grains had a square, plump appearance, typical of bread wheat (Triticum
aestivum L. s.s.) or club wheat (Triticum aestivo-compactum (L.) Schiem.). Again it is difficult
to be certain how much this is due to chance deformation caused by heating; from the size of
the grain this was probably the case. Van Zeist (1968, 103-4) states that spelt can become so
deformed during carbonization as to be indistinguishable from bread wheat. It is often almost
impossible to distinguish between the grain of bread and club wheat, although there is some
difference in the length to breadth ratio (LB index) of the grain. Club wheat is the shortest
and a value of less than 155 (see Table 22) could suggest the presence of this species (Van
Zeist, 1968, 53). In any case the grains are present in such small numbers that they do not
represent a deliberately cultivated crop, probably being no more than a weed growing amongst
the spelt. The Romans appear to have been responsible for the introduction of club wheat to
Britain in this fashion.
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Table 24 Dimensions of barley caryopses based on a count of 100 grains

Length Breadth Thickness
Minimum 4.7 mm 2.3 mm 1.7 mm
Mean 5.6 mm 3.1 mm 2.5 mm
Maximum 6.7 mm 4.2 mm 3.3 mm

Barley (Hordeum spp.)

The rather angular grains with distinct traces of the nervation of the lemma on their surfaces
are without doubt hulled barley. Smaller, twisted lateral grains indicated that it was of the
six-rowed type (Hordeum vulgare L.). Owing to changes that had occurred with heating it was
often difficult to be sure whether a twisted grain was a lateral or merely a chance deformation.
Dimensions of the grain are given in Table 24. Again, a high proportion of the grains showed
signs of germination but, in comparison with spelt, the plumule growth was slight.

It was difficult to determine whether the spikes were of the dense- or lax-eared type. The
majority of lemma bases displayed the characteristic horseshoe-like depression of the nodding
form. However, a few bases were recovered with the transverse scar more typical of dense-
eared barley (H. hexastichum L.). One or two of the lateral grains also displayed this latter
feature. However, it has been shown (Van Zeist, 1968, 51) that some bases with a transverse
scar can be expected in lax-eared barley.

Very few fragments of rachis were recovered, and only one was sufficiently whole to allow
adequate measuring — 1.15mm (B) x 3.5mm (L). The rachis internodes were relatively slender
in proportion to length and are indicative of the presence of lax-eared barley, the rachis inter-
nodes of dense-cared barley being broader. The length of the internode fits the range given by
Helbaek (1952a, 215) for lax quadrangular barley or bere (H. tetrastichum Keke). However, it
must be remembered that the length of rachis internode is not a fully reliable criterion (Van

Zeist, 1968, 50): the absolute length of the internode of dense-eared barley is not necessarily
smaller than that of the lax-eared form.

The separation of lax- and dense-eared barley using the criteria mentioned above is doubtful.
Certain identification can only be made where a fragment of the spike is recovered, However,
the evidence suggests that it is probably the lax-eared type that is present. The findings of other
workers, for example Helbaek (1952a, 209; 1957, 208), suggest that the lax-eared form was the
predominant barley of Europe from the earliest times up to the introduction of the two-rowed
barley (H. distichon L.), probably in the medieval period.

Rye (Secale cereale 1..)

Rye with its characteristically lop-sided caryopses was present in an appreciable quantity.
However, it was often difficult to identify; the combined effects of heat and germination meant
that the grains had become distorted almost beyond recognition, and often resulted in them
being mistaken for wheat. However, the more typical rye grains present were measured (see
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Table 25 Measurements of rye caryopses based on a count of 50 grains

Length Breadth Thickness
Minimum 4.5 mm 1.5 mm 1.6 mm
Mean 5.5 mm 2.3 mm 2.1 mm
Maximum 6.3 mm 2.8 mm 2.6 mm

Table 25). These were slender with a broad, sharply truncated upper end, keeling to the dis-
tinctly pointed, often asymmetrically placed embryo. Again an appreciable proportion of the
rye had germinated, but the thin plumules of this species were less noticeable than those of
spelt.

Brome (Bromus secalinus L. or Bromus mollis 1.)

Well preserved caryopses typical of Bromus species were found with rounded apices, parallel-
sided or slightly tapering to a rather sharply pointed embryo end, and longitudinally folded,
almost boat-shaped. The epidermis was glossy with characteristically large cells. It is not
possible to differentiate between these two species on the size and shape of the caryopses alone;
fragments of the palea and lemma are required. Again some signs of germination were noted.
Measurements of representative grains will be found in Table 26. From the ecological preferences

of the two species we are more likely to be dealing with B. secalinus (chess), a characteristic
weed of cereal crops.

Oats (Avena fatua L. and Avena sativa L..)

These grains were in good condition but had swelled up and rounded off during heating,
losing the characteristic sharply grooved shape of the fresh caryopses. Again a percentage of
the material showed signs of germination. The small thin plumules were less conspicuous
than those of spelt. It is not easy to differentiate between the two species of oats on the character-
istics of the grains alone, although a few of the larger grains could possibly belong to A. sativa
(see Table 27).

Fortunately, however, flower bases were common, many of which had the prominent sucker-
mouth structures characteristic of the wild oat. Other bases tapered to a relatively broad fracture
surface of c. 0.6 mm but lacked a basal stalk (cf. Jessen and Helbaek, 1944, 48-9) and could
be identified as 4. sativa. It would appear from the numbers of flower bases that the two oat
species were present in roughly equal proportions.

Table 26 Measurement of Bromus caryopses based on a count of 100 grains.

Length Breadth Thickness
Minimum 4.9 mm 1.6 mm 1.0 mm
Mean 5.6 mm 1.9 mm 1.3 mm
Maximum 6.4 mm 2.3 mm 1.9 mm
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Table 27 Measurement of oat caryopses based on a count of 100 grains

Length Breadth Thickness
Minimum 4.8 mm 1.6 mm 1.5 mm
Mean 6.0 mm 2.0 mm 1.8 mm
Maximum 7.3 mm 2.5 mm 2.2 mm

The weed seeds
All-seed (Chenopodium polyspermum 1..)

These black, glossy biconvex seeds, typical of the Chenopodiaceae, were in good condition.
A distinctive surface pattern of radiating cells with sinuous margin was noticeable (cf. Clapham
et al., 1962, 275 and fig. 36b).

Seed size: 0.87-0.93 mm diam.

There are a few existing macrofossil records for this species from Roman occupation sites
(Godwin, 1975, 157), and this plant could easily be a Roman addition to the British flora. This
is a weed of mainly south-eastern distribution in Britain (cf. Perring and Walters, 1962, 81).

Larkspur (Delphinium and Consolida spp.)

These seeds were badly preserved and in rather delicate condition. Two fairly distinct
shapes were noted — a flat-bottomed, conical form with a slight beak, and a more rounded
angular shape. Both these forms had traces of the continuous transverse surface ridges so
typical of Delphinium seeds. Modern reference material was charred in the laboratory for
comparison and the ridges became very delicate, crumbling with the gentlest of handling.
Owing to the poor preservation, it was not possible to identify these seeds conclusively: identi-
fication to the specific level was further hampered by the great morphological similarity in the
seeds of the majority of larkspur species. Three species are considered to belong to the present-
day British flora (Clapham et al., 1962, 63), all probably introduced with cereals, but the
plants are mainly native to the Mediterranean region. However, if a Continental source can be
accepted for some of this grain, the number of possibilities is greatly increased (Tutin et al.,
1964, 213-17). The ancient material superficially resembled the seeds of D. ambiguum L.

Length Breadth
Seed size: ancient charred 1.2 - 1.6 mm 1.0 - 1.2 mm
modern uncharred 2.0-22mm 1.4 - 1.8 mm

The ancient material was appreciably smaller than modern seeds; this could partly be
explained by erosion, loss of surface ridges and the fact that modern material was from garden
cultivars. Smaller specimens of seeds in the reference collection, with dimensions of c. 1.7 mm x
1.4 mm more closely matched the size of the charred remains. Eastern Mediterranean popula-
tions of D. ambiguwm exhibit dramatic variation in seed size. However, there is also a daunting
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range of Delphinium and Consolida species that infest Mediterranean cornfields and several
of them have seeds in the same size range as D. ambiguum (G. Hillman, pers. comm.).

This is the first British macrofossil record for the genus and could indicate direct importation
of grain from the Continent: however, it is more likely that it is derived from the spelt component
of the deposit. D. ambiguum is a rather rare present-day cornfield weed in southern England.
Not until the medieval period do literary sources mention larkspur species, either as cornfield
weeds or for garden cultivation, in this country (Genders, 1963, 11-13).

Fig (Ficus carica L.)

The rather variable seed of this species was found both charred and uncharred, the uncharred
specimen being well preserved and leaving little doubt as to its identification. The seeds were
flattened, rounded structures with a slightly pointed hilum. A well marked dorsal ridge was
noted on the uncharred specimen (cf. Renfrew, 1973, 135, fig. 84).

Seed size: charred 1.3-1.4mmx 1.6-1.7 mm
uncharred 1.1 mm x 1.6 mm

The macrofossil records for this species leave little doubt that it was originally introduced
to Britain by the Romans; it may have been imported as dried fruit or may even have been
cultivated in this country. Evidence for the latter is still scarce and inconclusive, even from the
large quantities of seed recently found in pits at Southwark (Willcox, 1977). Pollination of the
fig depends on the presence of certain symbiotic Continental wasps (Hill, 1975); some species
of edible fig are, however, capable of producing parthenocarpic fruits in this country, which
mainly contain soft, infertile seeds. The climate of Britain is not well suited to the growth of figs,
and the plant usually only succeeds in warm, well sheltered places such as walled gardens in the
south of England. It may therefore be assumed that the majority of the robust seeds found in
Roman deposits in this country originated on the Continent. This applies to the fig seeds in the
Coney Street deposit, the fig being near its northernmost limit of growth in York. The presence of
this species provides support for the suggestion that some of the grain was of Continental origin.
Indeed, since seeds of this species were also recovered from the thin humic silt layer (2105),

it is suggested that regular importation and off-loading of the dried fruit may have occurred
at this site.

Yellow vetchling (Lathyrus aphaca L.)

In the identification of legume seeds the size and shape of the hilum are very important
(Helbaek, 1964 ; Musil, 1963, 65-6); seed size and shape may vary considerably but the hilum
remains relatively constant within any one part of the geographical range of the species (see
also the discussion on Vicia identification, p. 90). One well preserved specimen of yellow vetch-
ling was recovered. It was an clongated oval seed, laterally compressed and still retaining most
of the seed coat; the upper end was truncated with a wide, oval hilum present. The specimen
was badly filled-out compared with modern reference material (cf. Helbaek, 1964, 161).

Seed size: 1.9 mm x 2.4 mm x 3.0 mm
Hilum size: 0.56 mm x 0.88 mm
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This species has a very restricted and localized distribution range in southern England
(Clapham et al., 1962, 360). Seeds were recovered at Caerleon, and it is possible, as suggested
by Helbaek (1964), that this species indicates direct importation of cereals from the Continent.

Mulberry (Morus sp.)

A charred fragment was recovered bearing superficial resemblance to a mulberry seed. The
seed had a rather sinuous outline and a pointed end. It was tentatively identified as black
mulberry (Morus nigra L.): the white mulberry (M. alba L.), which is exploited more for its
leaves, the staple diet of silkworms, has slightly smaller seeds.

Seed size: 1.9 mm x 3.0 mm

The few macrofossil records that exist for this species, for example from Silchester (Godwin,
1975, 247) or Southwark (Willcox, 1977), suggest that this is another Roman introduction. The
species grows and fruits in Britain at present but the archaeological records are not sufficiently
clear to indicate past possibilities, though mulberry seeds are so common in Roman deposits
in London as to suggest local cultivation (Willcox, pers. comm.). However, at the Coney Street

site importation from the Continent seems to be the most likely explanation for the occurrence
of this seed.

Vetches (Vicia spp.)

In the vetches the shape and size of the hilum are important diagnostic features, as well as
the position of the chalaza, but this character is not discernible in charred material. The shape
and dimensions of the seed can vary considerably and are further complicated in this deposit
by the swelling that had occurred during charring, but hilum characteristics are fairly constant.
Fortunately, many of the seeds were in good condition, retaining much of the seed coat, and
hilum identification was possible; criteria used for individual species are dealt with below.
However, a large number of seeds had lost all traces of their external coats and consequently
identification was only possible to the generic level.

The seeds of hairy tare (Vicia hirsuta 1..) were identified from the following characteristics.
The majority of the seeds were of a compressed, orbicular shape. The hilum was linear; in
modern material it is often covered by a stalk-like appendage and is hinged at its upper end
(cf. Musil, 1963, pl. 40), leaving a slight protuberance when detached; this was very noticeable
on the charred seeds, particularly in lateral aspects. The shape of the hilum is very distinctive,
bulging slightly at the point of the stalk attachment, and then tapering gradually to a point
at the lower end.

Seedsize: 1.7-22mm(L)x15-19mm(B) 1.3-1.6 mm (T)
Hilum size: 1.2 - 1.9 mm (L) x ¢.0.25 (B)

Previous British macrofossil records for this species are limited to one half-seed identified
by Helbaek (1964) at Caerleon, although it has also been recovered in Continental charred
grain deposits (cf. Van Zeist, 1968). It is a troublesome weed of cultivation throughout most
of the world and is commonly found in rye crops (Horne, 1953, 381). It was the dominant
vetch in this deposit and many of the unidentified Vicia seeds were probably of this species.
Its presence in this deposit could be due to the importation of Continental grain.



Biological Evidence from the Roman Warehouses in Coney Street 91

The seeds of the common vetch (Vicia sativa L.) were identified from the shape of the seeds,
which varied from elongated spherical to distinctly cubic in shape. The seeds were not well
preserved ; most had lost their seed coats, but often the hilum was retained. The hilum had a
roughly linear-ovate shape, widest at its upper part with a slightly rounded end, and tapering
to a pointed lower end (cf. Musil, 1963, pl. 12). The edges of the median groove were also
slightly raised. No attempt was made in this study to distinguish between the subspecies of
this plant.

Seed size: 2.0 -2.7mm (L) x 2.0 - 2.6 mm (B)
Hilum size: 1.4 — 1.6 mm (L) x ¢.0.5 (B)

V. sativa is a common cereal weed and was found at Caerleon (Helbaek, 1964) and in charred

grain deposits on the Continent (cf. Van Zeist, 1968).

The majority of the seeds attributed to smooth tare (V. tetrasperma (L.) Schreb.) were dis-
tinctly spherical, mostly without seed coats, but some still retained their characteristic hilum, This
is a squat structure, relatively broad in relation to length, parallel-sided with rounded ends.
Some of the unidentified Vicia seeds were also probably of this species.

Seed size: 1.5 - 2.0 mm diameter
Hilum size: 1.3 - 1.4 mm (L) x 0.38 — 0.56 mm (B)

The plant is a fairly typical cereal weed, and has been recorded previously in Roman grain
deposits, particularly at Caerleon where it was the dominant vetch species. It has also been
recorded from Bronze and Iron Age deposits (Godwin, 1975), being either a very early intro-
duction or an indigenous species.

Additional notes on the insects by Harry K. Kenward
Identifications

Laemostenus terricola (Hbst.) About eight individuals are represented by the elytra recovered
from the 3.5 kg bulk sample of the humic silt (2105), but a single damaged thorax was found
only after processing a further 5 kg. No heads were found. Distinguishing L. ferricola from L.
complanatus (Dejean) on such incomplete material is difficult but the size of the thorax, taken
with its shape, indicates that the former species is the one represented here. According to
Hinton (1945) the arrangement of the apices of the elytra striae differs in the two species.
The Coney Street material has the pattern normally found in L. ferricola; it should be noted
that this species occasionally shows the L. complanatus pattern.

Sphaeridium Pbipustulatum F. A single Sphaeridium elytron from the lower silts has proved
difficult to identify. It has well developed rows of large punctures like the central European
species S. substriatum Fald. (Vogt, 1971) but has microsculpture between the general punctura-
tion, like bipustulatum and unlike substriatum.

Aglenus brunneus (Gyll.) The archaeological records and significance of this species are
considered elsewhere (Kenward, 1975b; 1976b). Its presence in Roman Britain is confirmed
at the present site, where it occurs in extremely well-sealed deposits; whether it was then
established or an occasional import is still uncertain.
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Oryzaephilus surinamensis (I..) Unless genitalia are recovered fragmentary material of this
species can only be distinguished from the closely related O. mercator (Fauv.) on the form of
the temples of the head (Howe, 1956). All the Coney Street Oryzaephilus heads are clearly
of O. surinamensis and there is no reason to suppose that more than one species is present.

Cryptolestes ferrugineus (St.) The genus Cryptolestes includes a group of closely related
species associated with stored products (Lefkovitch, 1959) and fragmentary material can be
confidently identified only if genitalia are present. The sclerites associated with the male
genitalia can be seen in a number of the abdomens from the humic silt (2105); they clearly
conform to C. ferrugineus (Lefkovitch, op. cit.). The spermathecae of the females are less well
preserved and only occasionally can the diagnostic filamentous spermathecae be made out;
their shape is as in C. ferrugineus although their position has shifted.

Blaps lethifera Marsh. Many indeterminate fragments of Blaps were recovered from the bulk
samples of the humic silt but only two thoraxes, both incomplete. These fit B. lethifera on
the characters given by Brendell (1975) and are similar to material in the Yorkshire Museum
determined using that key. It is now a rarity and has apparently not been recorded from York-
shire (Brendell, op. cit.).

Tenebrio obscurus F.  There is no doubt that all the Tenebrio examined from archaeological
levels in York, including those from Coney Street, are 7. obscurus. The sculpturing is strong,
well defined and reticulate. None of the material securely dated as medieval or earlier could

possibly represent 7. molitor, now much the commoner species (Brendell, 1975; Hunter et al.,
1973).

Biological notes on the species

Oryzaephilus surinamensts is the most important beetle pest of grain grown in Britain at
the present day. It has increased in importance relative to Sitophilus granarius, which was
formerly the most destructive beetle, only quite recently as a result of combine-harvesting,
artificial drying and increased transportation of grain (Armstrong and Howe, 1963). It is often
the only species present in farm infestations. It attacks dried fruit, nuts and other stores as
well as grain (Fraenkel and Blewett, 1943; Thomas and Sheppard, 1940) but there is disagree-
ment as to whether it will eat animal matter. It is unable to attack whole wheat grains unless
the bran over the germ has broken or there is already damage caused by other species, and
feeding is mainly confined to the embryo (Fraenkel and Blewett, op. cit.; Surtees, 1964). It
can, however, colonize freshly stored cereals, subsisting initially on dust and broken grains
(Armstrong and Howe, 1963), the beetle’s principal importance being not the direct damage
it causes but the heating produced by the metabolism of large populations (Freeman, 1951).

Cryptolestes ferrugmeus is also unable to utilize the whole grains although it can attack via
minute cracks (Rillett, 1949). Feeding is mainly confined to the embryo (Lucas and Oxley,
1946; Surtees, 1964). Like O. surinamensis it can cause sufficient damage to render barley useless
for malting (Freeman, 1964). C. ferrugineus is common in warchouses even if unheated (Solomon
and Adamson, 1955) and while it is not generally very troublesome, occasional outbreaks do
occur (Freeman, 1952; 1964); according to Howe (1973) C. species are among the most serious
embryo-destroying pests.
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Palorus ratzeburgi is of minor importance and of the abundant species from the humic silt
it is the least well known. It is not very common in Britain, but may occur in large numbers
when found. The insect is typical of old residues, especially mouldy ones, which have been
infested by primary pests, usually Sitophilus species. It cannot develop on undamaged grain,
but is able to attack via small cracks near the embryo. Although able to utilize endosperm it
rarely damages more than the germ. In association with man P. ratzeburgi is almost entirely
restricted to grain (Butler, 1949; Halstead, 1967).

Sitophilus granarius is a primary pest of cereals; it is able to attack whole grains and utilizes
the starchy endosperm rather than the living embryo. Under normal circumstances it is confined
to entire grains and cannot survive on husks or the frass left by the activity of grain destroyers
(Coombs and Woodroffe, 1964); even meal can only be utilized if compressed into cakes with
the consistency of endosperm. S. granarius has also been recorded breeding in acorns by Howe
(1965c), but only in the laboratory; there is as yet no evidence to suggest that this happens
in nature. It is common in grain residues, having been the most serious grain pest up to the
Second World War but becoming relatively less troublesome in the latter part of the 20th
century (Freeman, 1964).

Laemostenus terricola is probably mainly a predator of small invertebrates (although it has
been recorded feeding on fruit) and has been found in cellars, bakeries, granaries, etc. (Hinton,
1945; Massee, 1946). Xvlodromus concinnus is also probably predatory. It is fairly common
in stack refuse and other dryish decaying matter and has been recorded from granaries, some-
times in abundance (Hinton, 1945; Fowler, 1888; Salmond, 1956; O’Farrell and Butler, 1948).
Dendrophilus punctatus is found in loose hay, straw, birds’ and mammals’ nests, carrion, compost
and other rotting matter, at tree fungi and sap flows as well as fairly commonly in granaries.
It is probably primarily a predator but will also apparently eat carrion (Hinton, 1944). Aglenus
brunneus is an uncommon species at the present day but was formerly much more abundant;
archaeological and modern records have been reviewed by Kenward (1975b; 1976b). It has been
found associated with mouldy organic matter, often bones and skins, and in grain residues. It
appears that the latter are now the typical habitat.

Typhaea stercorea, dubbed the ‘hairy fungus beetle’, is occasionally found in granaries and
food stores. It may occur in grain soon after harvesting, occasionally in large numbers (Hunter
et al., 1973; Howe, 1962). It is also common in mouldy plant remains, such as straw refuse,
and is almost certainly a mould feeder (Fowler, 1889; Horion, 1961 ; Hinton 1945). A number
of Cryptophagus species are common in food stores and maltings but are of minor importance
(Coombs and Woodroffe, 1955; Hunter et al., 1973; Freeman, 1951). They are mould feeders
and have been shown to be positively associated with fungi in stored products (Coombs and
Woodroffe, 1955; Sinha et al., 1969). Certain Afomaria species are also abundant in mouldy
plant material and the genus is often present in small numbers in stores and grain residues;
they too are probably mould feeders and of no economic significance (Hinton, 1945).

Tenebrio obscurus is rather rare; it is a general feeder in residues in food stores and is also
recorded from birds’ nests (Hunter et al., 1973; Brendell, 1975). Blaps lethifera has been found
in cellars, outbuildings and granaries but is very rare (Brendell, op cit.). It is probably a scaven-
ger and usually occurs in small numbers ; both it and T'. obscurus seem to have been more common
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in the past. The adults of Tenebroides mauretanicus, the ‘cadelle’, are predominantly carnivorous,
feeding on grain pests such as Oryzaephilus surtnamensis and even eating their own immature
stages. Although formerly regarded as beneficial predators of other pests (see Lepesme, 1944,
for references; as late as 1948 O’Farrell and Butler still retained this belief) the larvae are now
known to be omnivorous, occasionally scavenging corpses, sometimes cannibalistic, but chiefly
feeding on grain. They are extremely destructive, each larva reportedly being able to damage
as many as 100 grains (Linsley and Michelbacher, 1943; Candura, 1932). Thus, although T.
mauretanicus typically occurs in smaller numbers than other true grain pests (Howe, 1973)
(this probably being related to its large size and the predatory habits of the adults) it may be a
serious pest. It can also attack stored products other than grain, for example tobacco (Candura,
op. cit.). Ptinus fur is a cosmopolitan omnivorous feeder, often found in small numbers in
food stores where it has been recorded on a wide range of produce including grain (Hinton,
1941). Its very low rate of reproduction makes it of minor importance as a pest (Howe and
Burgess, 1951).

Lyctocoris campestris, the only bug recorded from this assemblage, is a predator often found
in stored products, including grain, but also in vegetation refuse in general and in bird’s nests
(Southwood and Leston, 1959 ; Woodroffe, 1953). Most of the Diptera, mites and false scorpions

may belong with this group of less abundant stored products species but could not be specifically
identified.
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Summary

Biological and pedological evidence from layers underlying and associated with two phases
of Roman riverside store-buildings has proved to be of great significance in the understanding
of the site. The deposits underlying the earliest phase of occupation were shown to be a natural
soil. A thin band of humic silt overlying the first phase of building contained immense numbers
of grain beetles together with a few seeds of arable weeds, and clearly represented the remains
of a large quantity of spoiled grain. A thick layer of silt had been dumped over this, probably
to seal off the infestation as well as to serve as a foundation for the second store-building. Associ-
ated with the latter was a substantial quantity of charred grain of mixed composition. The
possible origin and intended usage of the grain are discussed; importation from existing centres
of insect infestation, perhaps in southern Britain, seems probable but there is insufficient
evidence concerning the intended use of the grain or the reason for its charring.

Résumeé

Des découvertes biologiques et pédologiques effectuées du niveau des couches sous-jacentes
et en rapport avec deux phases de construction des entrepdts romains situés au bord de la riviére
ont grandement contribué & améliorer la compréhension des découvertes du chantier. Les
sédiments remontant & la premiére phase d’occupation sont constitués de sol naturel. Une
mince couche de limon humique qui s’était déposée aprés la premiére phase de construction a
révélé la présence d’un nombre considérable d’insectes a grains ainsi que de quelques semences
de plantes de culture, et a clairement mis en évidence les restes de grains abimés en grandes
quantités. Une couche épaisse de limon avait été déversée sur ce terrain, probablement dans
le double but d’enrayer cette infestation et de servir de fondation au second entrepot. Une grande
quantité de céréales carbonisées de composition variée a été découverte au niveau de cette
couche. Les origines possibles et I'usage de ces céréales sont incertains. Il est probable que le
grain fut importé de foyers d’infestation, peut-étre du sud de la Grande-Bretagne. En ce qui
concerne 'usage du grain et la raison de son aspect carbonisé, il n’existe pas de faits suffisants
pour en tirer une conclusion quelconque.

Zusammenfassung

Biologisches und bodenkundliches Beweismaterial von Schichten, die unter zwei Phasen
von romischen Lagerhdusern am FluBufer vergraben liegen und damit in enger Verbindung
stehen, hat sich als von grofler Bedeutung in der ErschlieBung der Ausgrabungsstelle erwiesen.
Die Ablagerungen, auf denen die erste Phase einer Ansiedlung erbaut wurde, erwiesen sich
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als Naturboden. Eine diinne Schicht aus Humusschlamm iiber der ersten Bauphase enthielt
eine ungeheure Anzahl von Getreidekifern, sowie einige Samen von kultivierbaren Pflanzen
und war offensichtlich der Uberrest einer grolen Menge verdorbenen Getreides. Dariiber war
eine dicke Schicht Schlamm geschiittet worden, wahrscheinlich um die Verseuchung zu
verdecken und gleichzeitig ein Fundament fiir das zweite Lagerhaus zu schaffen. Mit Letzterem
wurde eine betrichtliche Menge von verkohltem Getreide verschiedenster Sorten in Zusammen-
hang gebracht. Die mégliche Herkunft und der voraussichtliche Gebrauch des Getreides wird
besprochen. Die Einfuhr aus insektenverseuchten Zentren, moglicherweise in Siidengland,
wird als wahrscheinlich angesehen, aber fiir den beabsichtigten Gebrauch des Getreides oder
das Verkohlen desselben gibt es nicht geniigend Beweismaterial.



Biological Evidence from the Roman Warehouses in Coney Street 97

Bibliography

Addyman, P. V., Hood, ]. S. R., Kenward, H. K.,
MacGregor, A. G. and Williams, D., 1976.
‘Palacoclimate in urban environmental archaeo-
logy at York, England ; problems and potential’,
World Archaeol. 8, 220-33

Amsden, A. F. and Boon, G. C., 1975. ‘C.O.
Waterhouse's list of insects from Silchester’,
F. Archaeol. Sci. 2, 129-36

Applebaum, S., 1972, ‘Roman Britain’ in H. P. R.
Finberg (ed.), The Agrartan History of England
and Wales AD 43-1042, 1, ii (Cambridge)

Armstrong, M. T. and Howe, R. W., 1963. “The
saw-toothed grain beetle Orvzaephilus surina-
mensis (L) in home grown grain’, 7. Agric.
Lngng. Res. 8, 256-61

Birley, E., 1954, Corbridge Roman Station
(Corstopirum), Northumberland (HMSO)

Brendell, M. J. D., 1975. Coleoptera: Tene-
briomidae, Roy, Entomol. Soc. Handbooks for the
Identification of British Insects, § (10) (London)

British Standards Institution, 1975. Methods of
Test for Souls for Crvil Engineering Purposes BS
1377: 1975 (3rd edn, London)

Broad, P. D., 1952. ‘The occurrence of weed
sceds in samples submitted for testing by the
Official Seed Testing Station’, 7. Narl. Inst.
Agric. Bot, 6, 2, 275-86

Buckland, P. C., 1976. The Environmental
Euwvidence from the Church Street Roman Sewer
System. The Archaeology of York 14/1 (London)

Buckland, P. C., Greig, J. R. A. and Kenward,
H. K., 1974, ‘York: an carly medieval site’,
Antiquiry 48, 25-33

Butler, P. M., 1949. ‘Observations on the biology
of Palorus ratzeburgi Wissman, with comparative
notes on Tencbrionidae in general (Coleoptera)’,
Trans. Roy. Entomol. Soc, London 100, 249-73

Candura, G. 8., 1932. ‘Contributo alla conocenza
morfologica ¢ biologica dello Struggigrano
(Tenebrovdes mauretameus 1..)', Boll. Lab. Zool.
Gen, Agr. R. Scuola Agric. Portici 27, 1-56

Carver, M. O, H,, Donaghey, S. and Sumpter,
A, B., 1978, Roman Structures and a Well in
Skeldergate and Buildings in Bishophill. The
Archaeology of York 4/1 (London)

Clapham, A. R., Tutin, T. G. and Warburg,
E. F., 1962, Flora of the British Isles (2nd edn,
Cambridge)

Coombs, C. W. and Freeman, J. A., 1955. ‘The
insect fauna of an empty granary’, Bull. Entomol.
Res. 46, 399-416

Coombs, C. W. and Woodroffe, G. E., 1955. ‘A
revision of the British species of Cryprophagus
(Herbst.) (Coleoptera: Cryptophagidae)’, Trans.
Roy. Entomol. Soc. London 106, 237-82

—; 1963. ‘An experimental demonstration of
ecological succession in an insect population
breeding in stored wheat', J. Amm. Ecol. 32,
271-9

—; 1964. “The influence of food condition on
longevity of Sitophilus granarius (L.) (Col.,
Curculionidae)’, Entomol. Mon. Mag. 99, 145-6

, 1973, ‘Evaluation of some of the factors
involved in ecological succession in an insect
population breeding in wheat’, J. Anim. Ecol.
42, 305-22

Coope, G. R. and Osborne, P. J., 1968, ‘Report
on the Coleopterous fauna of the Roman well
at Barnsley Park, Gloucestershire’, Trans,
Bristol Gloucester Archaeol. Soc, 86, 84-7

Cotton, R. T., 1956, Pests of Stored Grain and
Grain Products (Minneapolis)

Davey, P. M., 1961, *“The acceptability and fitness
of maize for human consumption’, Trop. Sei.
3, 163-73

Davies, R. W., 1971, *‘The Roman military diet’,
Britannia 2, 12242

Fisher, R. A., Corbet, A. S, and Williams, C. B.,
1943. ‘The relation between the number of
species and the number of individuals in a
random sample of an animal population’, 7.
Anim. Ecol. 12, 42-58

Fitch, E. A., 1879, ‘Granary weevils: Sitophilus
granarius and 8. oryzae', The Entomologist 12,

Folk, R. L. and Ward, W. C., 1957. ‘Brazos
River bar: a study in the significance of grain
size parameters’, J. Sediment. Petrol. 29, 3-26

Fowler, W, W., 1888-89. The Coleoptera of the
British Islands 2 and 3 (London)

Fraenkel, G. and Blewett, M., 1943, “The natural
foods and the food requirements of several
species of stored products insects’, Trans. Roy.
Entomol. Soc. London 93, 457-90

Freeman, J. A., 1951. ‘Pest infestation control in
breweries and maltings', ¥. Inst. Brew. §7, 326—
i

——, 1952, ‘Laemophloeus species as major pests
of stored grain', Plant Parhol. 1, 69-76

——, 1964. ‘Stored-products entomology in
Britain, 1964', Ann. Appl. Biol. 52, 200-15

Genders, R., 1963, Delphiniums (London)

Godwin, H., 1975. The History of the British Flora
(2nd edn, Cambridge)

Gooch, S. M. S., 1963. “The occurrence of weed
seeds in samples tested by the Official Seed
Testing Station, 1960-1°, 7. Natl. Inst. Agric.
Bot. 9, 3, 353-71

Hall, A. R,, Hood, J. S. R., Kenward, H. K.
and Williams, D., forthcoming. Brological
Evidence from Roman Deposits in Skeldergate.
The Archaeology of York 143



98

The Past Environment of York

Hall, D. W., 1955. ‘Problems of food storage in
tropical countries’, Ann. Appl. Biol. 42, 85-97

Hall,R. A, et. al., forthcoming. Riverside Structures
in Coney Street and other Roman Extra-mural
Sites. The Archaeology of York 61

Halstead, D. G. H., 1967. ‘Biological studies on
species of Palorus and Coelopalorus with
comparative notes on Tribolium and Latheticus
(Cgl.é "genchrionidac)', F. Stored Prod. Res. 2,
275-31

Helbaek, H., 1952a. ‘Early crops in southern
England’, Proc. Prehist. Soc. 18, 194-233

—, 1952b, ‘Spelt (Triticum spelra L..) in Bronze
Age Denmark’, Acta Archaeol. 23, 97-107

——, 1957, ‘Carbonized grain’ in G. P. Burstow
and G. A. Holleyman, ‘The Late Bronze Age
settlement on Itford Hill, Sussex’, Proc.
Prehist. Soc. 23, 206-9

——, 1964. ‘The Isca grain, a Roman plant
introduction in Britain’, New Phytol. 63, 15864

Hicken, N., 1968. The Insect Factor in Wood Decay
(revised edn, London)

Hill, D. S., 1975, *Wasps and figs’, New Seci. Sci.
F. 47, 144-6

Hinton, H. E., 1941, ‘The Ptinidae of economic
importance’, Bull. Entomol. Res. 31, 331-81

, 1944, ‘The Histeridae associated with

stored products’, Bull. Entomol. Res. 35, 30940

y 1945, A Monograph of the Beetles associated
with Stored Products 1. British Museum
(Natural History) (London)

Hood, J. S. R., forthcoming. Aspects of the
Analysis of Archaeological Soils. The Archaeo-
logy of York 19

Horion, A., 1961. Faunistik der mitteleuropdischen
Kafer. VIII Clavicornia pt 2 (Uberlingen-
Bodensee)

Horne, F. R., 1953. ‘The significance of weed
seeds in relation to crop production’, Proc. Brit.
Weed Control Conf. 1953, 372-98

Howe, R. W., 1952, ‘Miscellaneous experiments
with grain weevils’, Entomol. Mon. Mag. 88,
252-5

——, 1953, ‘Studies on beetles of the family
Ptinidae. VIII — the intrinsic rate of increase
of some Ptinid beetles’, Ann. Appl. Biol. 40,
121-33

, 1956, ‘The biology of two common storage
species of Oryzaephilus (Col., Cucujidae)’, Ann.
Appl. Biol. 44, 341-55

——, 1962. ‘A study of the heating of stored
grain caused by insects’, Ann. Appl. Biol. 50,
137-58

, 1965a. ‘A summary of estimates of optimal
and minimal conditions for population increase
of some stored products insects’, J. Stored Prod.
Res. 1, 177-84

——, 1965b, ‘Losses caused by insects and mites
in stored foods and feedingstuffs’, Nurr, Abser,
Rev. 35, 285-303

, 1965c¢. “Sitophilus granarius (L.} (Coleoptera,
Curculionidae) breeding in acorns’, F. Stored
Prod. Res. 1, 99-100

, 1973, ‘Loss of wviability of seed in storage
attributable to infestation of insects and mites’,
Seed Sci. Technol. 1, 563-86

Howe, R. W. and Burgess, H. D., 1951. ‘Studies
on beetles of the family Ptinidae. VI — The
biology of Prunus fur (L.) and P. sexpuncratus
Panzer’, Bull. Entomol. Res. 42, 499-511

Howe, R. W. and Hole, B. D., 1967. ‘The yield
of cultures of Sirophilus granarius (L.) at 25°C
and 70", relative humidity with some observa-
tions on rates of oviposition and development’,
7. Stored Prod. Res. 2, 257-72

Hunter, F. A., Tulloch, J. B. M. and Lamborne,
M. G., 1973. ‘Insects and mites of maltings in
the East Midlands of England’, . Srored Prod.
Res. 9, 119-41

Husain, S. S., Qureshi, S. S., Hasan, A. and
Anwarullah, M., 1968. ‘Stored grains as carrier
of fungi’, Pak. ¥. Sci. Ind. Res. 11, 297-8

Inman, D. L., 1952, ‘Measures for describing the
size distribution of sediments’, J. Sediment.
Perrol. 22, 125-45

Irwin, W., 1924, ‘Report on a bed of wheat found
just outside the Roman fort at Papcastle’, Trans.
Cumberland Westmorland Antig. Archaeol. Soc.
24, 371-3

Jessen, K. and Helback, H., 1944. ‘Cereals in
Great Britain and Ireland in prehistoric and
early historic times’, K. Dan. Vidensk. Selsk.
Biol. Skr. 3,2

Kenward, H. K., 1974. ‘Methods for palaco-
entomology on site and in the laboratory’, Sei.
Archaeol. 13, 16-24

, 1975a. ‘Pitfalls in the environmental inter-

pretation of insect death assemblages’, 7.

Archaeol. Sci. 2, 85-94

, 1975b. ‘The biological and archaeological

implications of the beetle Aglenus brunneus

(Gyllenhall) in ancient faunas’, 7. Archaeol. Sci.

2, 63-9

, 1976a. ‘Reconstructing ancient ecological
conditions from insect remains; some prob-
lems and an experimental approach’, Ecol.
Entomol, 1, 7-17

——, 1976b. ‘Further archaeological records of
Aglenus brunneus (Gyll.) in Britain and Ireland,
including confirmation of its presence in the
Roman period’, 7. Archaeol. Sci. 3, 275-7

, 1978, The Analysis of Archaeological Insect

Assemblages: a New Approach. The Archaeology

of York 19'1 (London)

, forthcoming. “The value of insect remains

as evidence of ecological conditions on archaeo-

logical sites’, fnst. Archaeol. Occas. Papers




Biological Evidence from the Roman Warehouses in Coney Street 99

Kloet, G. S. and Hincks, W. D., 1977. A Check
List of Briush Insects, 2nd edn, pt 3 Coleoprera
and Strepsiptera (revised by R. D. Pope), Roy.
Entomol. Soc. Handbooks for the Identification
of British Insects 11 (London)

Lefkovitch, L. P., 1959. ‘A revision of the
European Laemophloeinae (Coleoptera: Cucu-
jidae)’, Trans. Roy. Entomol. Soc. London 111,
95-118

Lepesme, P., 1944, Les Coléoptéres des Dendrées
Alimentatres et des Produits Industrieles Entre-
posés (Paris)

Linsley, E. G. and Michelbacher, A. E., 1943,
‘Insects affecting stored food products’, Bull.
Univ. California Coll. Agric. Agric. Exp. Sm.
Berkley, California 676, 1-44

Lucas, C. E. and Oxley, T. A., 1946. ‘Study of an
infestation by Laemophloeus sp. (Coleoptera,
Cucujidae) in bulk wheat’, Ann. Appl. Biol. 33,
289-93

Lyell, A. H., 1911. “The insect remains’ in T.
Ashby, A. E. Hudd and F. King, ‘Excavations
at Caerwent, Monmouthshire’, Archaeologia 62,
445-7

Manning, W. H., 1975. ‘Roman military timber
granaries in Britain’, Saalburg Fahrbuch 32,
105-28

Massee, A. M., 1946. ‘Notes on some interesting
insects observed in 1945, Rep. East Malling
Res. Stn. 33, 90-5

Musily, A. F., 1963. Identification of Crop and
Weed Seeds. Agricultural Handbook No. 219
(Washington D. C.)

O’'Farrell, A. . and Butler, P. M., 1948. ‘Insccts
and mites associated with the storage and
manufacture of foodstuffs in Northern Ireland’,
Econ, Proc. Roy. Dublin Soc. 3, 343407

Osborne, P. J., 1969. ‘An insect fauna of Larte
Bronze Age date from Wilsford, Wiltshire',
F. Anmim. Ecol. 38, 555-66

, 1971a. ‘An insect fauna from the Roman
site at Alcester, Warwickshire’, Britanma 2,
156-65

——, 1971b. ‘The insect fauna from the Roman
harbour’ in B. W. Cunliffe (ed.), Excavations
ar Fishbourne 1961-1969. Report of the Re-
scarch Committee of the Society of Antiquaries
of London 27 (Oxford), 393-6

, 1978, ‘Stored product beetles from a Roman
site at Droitwich, England’, . Srored Prod. Res.
13, 203-4

Oxley, T. A., 1948. The Scientific Principles of
Grain Storage (Liverpool)

—, 1950. Grain Storage in East and Central
Africa. Colomial Res. Publ. No. 5 (HMSO)

Perring, F. H. and Walters S. M. (eds.), 1962.
Atlas of the Brinish Flora (London)

Raymond, W. D., Spickett, R. C. W, and Ward,
J. B., 1954. “The estimation of insect fragments
in maize’, Colonial Plant Anim. Prod. 4, 33448

Renfrew, J. M., 1973, Palaeoethnobotany (London )

Rickman, G. E., 1971. Roman Granaries and
Store Buildings (Cambridge)

Rillett, R. O., 1949, “The biology of Laemophloeus
Sferrugineus (Steph.)’, Can. J. Res. 27, 112-48

Salmond, K. F., 1956. ‘The insect and mite fauna
of a Scottish flour mill’, Bull. Entomol. Res. 47,
621-30

Sikorowski, P. P., 1964. ‘Interrelation of fungi
and insects to deterioration of stored grain’,
Tech. Bull. Agric. Exp. Stn. Washington State
42, 1-35

Sinha, R. N., Wallace, H. A. and Chebib, F. §.,
1969, ‘Principal component analysis of inter-
relations among fungi mites and insects in
grain bulk ecosystems’, FEcology 50, 53647

Solomon, M. E., 1943. Tyroglyphid wmites in
stared products 13 A survey of published informa-
non (HMSO)

Solomon, M. E. and Adamson, B. E., 1955. “The
powers of survival of storage and domestic pests
under winter conditions in Britain’, Bull.
Entomol. Res. 46, 311-55

Southwood, T. R. E. and Leston, D., 1959. Land
and Water Bugs of the Brinsh Isles (London)

Surtees, G., 1964. ‘Some aspects of weevil
behaviour affecting population establishment’,
Nature 204, 500

» 1965, ‘Effects of grain size on development
of the weevil Sitoplulus granarius (L.) (Coleop-
tera: Curculionidae)’, Proc. Roy. Entomol. Soc.
London (A) 40, 3840

Thomas, E. L. and Sheppard, H. H., 1940. ‘The
influence of temperature, moisture, and food
on the development and survival of the saw-
toothed grain beetle’, 7. Agric. Res. 60, 605-15

Tomlin, J. R. le B., 1949-50. Herefordshire
Coleoprera pts 1 and 2 and suppl. Woolhope
Natur. Fld. Club (Hereford)

Tonkin, J. H. B., 1968, *The occurrence of broad-
leaved seeds in samples of cereals tested by the
Official Seed Testing Station, Cambridge’,
Proc. British Weed Control Conf. 9, 1199-1204

Tonkin, J. H. B. and Phillipson, A., 1973. ‘The
presence of weed seeds in cereal seed drills in
England and Wales during spring 19707, 7.
Natl, Inst. Agric. Bot, 13, 1, 1-18

Tutin, T. G., Heywood, V. H., Burges, N. A,,
Valentine, D. H., Walters, S. M. and Webb,
D. A., 1964, Flora Europaea 1 (Cambridge)

Van Zeist, W., 1968. ‘Prehistoric and early historic
food plants in the Netherlands’, Palacohistoria
18, 194-233



100

The Past Environment of Yorz

Venkatrao, S., Krishnamurthy, K., Swaminathan,
M. and Subrahmanyan, V., 1960. ‘Determina-
tion of uric acid in wheat flour infested by
Tribolium castaneum Duv., using paper chroma-
tography’, Cereal Chem. 37, 93—6

Venkatrao, S., Nuggehalli, R. N., Swaminathan,
M., Pingale, 8. V. and Subrahmanyan, V., 1958.
‘Effect of insect infestation on stored grain. 111
— studics on kaffir corn (Sorghum vulgare)', 7.
Sci. Food Agric. 9, B37-9

Vogt, H., 1971. ‘U. Fam. Sphaeridiinae’ in H.
Freude, K. W, Harde and G. A. Lohse, Die
Kafer Mitreleuropas (Krefeld) 3, 127-40

Waloff, N. and Richards, O. W., 1946. ‘Observa-
tions on the behaviour of Ephestia elutella
Hiibner (Lep,, Phycitidae) breeding on bulk
grain’, Trans. Roy. Entomol. Soc. London 97,
299-335

White, K. D., 1970. Roman Farming (London)

Willcox, G. H., 1977. *Exotic plants from Roman
waterlogged sites in London', J. Archaeol. Sa.
4, 269-82

Williams, C. B., 1947. ‘The logarithmic series
and its application to biological problems’, 7.
Ecol. 34, 253-72

Williams, J. T., 1963. ‘Biological Flora of the
British Isles: Chenopodium album 1., §. Ecol.
s1, 711-25

Woodroffe, G. E., 1953. ‘An ecological study of
insects and mites in the nests of certain birds
in Britain’, Bull. Entomol. Res. 44, 739-72



The Archaeology of York
General Editor P. V. Addyman

Reports on the work of the York Archaeological
Trust for Excavation and Research are being
published 1n a series of nineteen volumes entitled

The Archaeology of York

The volumes are as follows:

1 Sources for York History to AD 1100 (AY 1)

2 Historical Sources for York Archacology after AD 1100 (AY 2)

3 The Legionary Fortress (AY 3)

4 The Colonia (AY 4)

5 The Roman Cemeteries (AY 5)

6 Roman Extra-Mural Settlement and Roads (AY 6)

7 Anglian York (AD 410 876) (AY 7)

8 Anglo-Scandinavian York (AD 876-1066) (AY 8)

9 The Medieval Walled City south-west of the Ouse (AY 9)
10 The Medieval Walled City north-east of the Ouse (AY 10)
11 The Medieval Suburbs (AY 11)

12 The Medieval Cemeteries (AY 12)

13 Early Modern York (AY 13)

14 The Past Environment of York (AY 14)
15 The Animal Bones (AY 15)

16 The Pottery (AY 16)

17 The Small Finds (AY 17)

18 The Coins (AY 18)

19 Principles and Methods (AY 19)

These volumes are being issued in the first instance as separate parts or fascicules.

The present fascicule, Biological Evidence from the Roman Warehouses in Coney Street, by Harry

K. Kenward and Dorian Williams (AY 14/2), is the second part of Volume 14, The Past Environ-

ment of York. Other fascicules in this volume are:

AY 14/1 ‘The Environmental Evidence from the Church Street Roman Sewer System’, by
P. C. Buckland

AY 14/3 ‘Biological Evidence from Roman Deposits in Skeldergate’, by A. R. Hall, J. S. R.
Hood, H. K. Kenward and D. Williams (in preparation)

The following fascicules related to AY 14/2 are already published or in preparation:

AY 61 ‘}l;li}'lcrsidic Structures in Coney Street and other Roman Extra-mural Sites’, by R. A.

all et al.

AY 19/1 ‘The Analysis of Archacological Insect Assemblages: a New Approach’, by H. K.

Kenward



AY 14/2




	Cover

	Biological Evidence from the Roman Warehouses in Coney Street

	Introduction

	Soil Analyses and their Interpretation

	Pollen from the Lower Silts

	The Plant Remains

	The Insect Remains

	Discussion

	Methods, Data and Identifications: supplementary notes

	Acknowledgements

	Summary

	Resume

	Zusammenfassung

	Bibliography



