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* INTRODUCTION.

That there is a decided need for the ecological study of insects and other animals ;
was first brought home to the mind of the author whilst engaged upon the subject of : 3
a ““ General Survey of the Insect Fauna of the Soil” (vide Jour. Econ. Biol., vol. viii, 5 3
part 3, 1913). Much information has been: collected at various times by numerous i
authors, and especially those who have treated of the habits and behaviour of
_animals, but very little attempt has been made to systematise the data variously '-
gathered, to-explain the cause and effect of many obscure phenomena, or to make '
important observations accessible for the use of the animal ecologist. Thus, at
present, we find ourselves on the threshold of practically a new and undisputed field,
with opportunities for original and interesting research extending in innumerable
directions. Dr C. C. Apams, now of Syracuse University, New York, who has : 5 B
written a most useful work,* “ the outgrowth of the effort as it has developed in the
study and teaching of animal ecology,” in which is listed most of the literature
applicable to the science, says (p. 10): “The associational is the phase of animal
activity which may be considered as the form of animal behaviour which has
developed into the human social relations,” and concludes that, because of the social
character of human society, those interested in matters pertaining to the welfare of
mankind, such as the sociologist, the physician, the sanitarian, and the agriculturist,
will ultimately participate in a keener appreciation of the associational aspect. In
another place the same author indicates briefly the magnitude of the problems
involved when he says (p. 15): “The aim of the ecologist is professedly genetic or
explanatory, because it is the study of responses to all conditions of the complete

* Apawus, C. C., Guide to the Study of Animal Ecology, New York, 1913, 183 pp., 7 figs. ‘ . 7
TRANS. ROY. SOC. EDIN., VOL. LII, PART I (NO. 2). 6 = |
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38 DR ALFRED E. CAMERON.

environment. But these responses must be described and the conditions influencing
them as well, so that a descriptive aspect is an essential part in all phases of ecology.
In the study of the responses of an individual, an order, or an association, pure
description of the responses is necessary; but a description which will at once
describe and show the working of the processes by which the results were produced
is of quite a different order. This phase of explanation has been most concisely
expressed and applied by the students of the physical sciences, and biologists may
profit much from a study of their methods.” Therefore, for the sake of accurate
deduction, a method of measuring all the important factors of an environment which
are likely to influence its biota is absolutely essential, and the reason why plant
ecology is now quite a well-ordered and organised science is due to this very fact.
It was almost essential that plant ecology should have precedence over animal
ecology in point of time, because the latter involves a knowledge of the former, and,
indeed, it will likely prove true, as VESTAL* has remarked (p. 13), that plant and
animal associations are co-extensive and to a large extent interdependent, the animals
being entirely dependent upon the plants, speaking broadly, and the plants being
partly dependent upon the animals. This view-point has not been neglected in the
present study, but the author recognises the difficulty of superimposing the structure
of the insect association so as to show how it coincides exactly with that of the
plant association. The problem might be tackled equally well from one of two
standpoints :—

1. The insect proposition wherein, with a species, genus, family or order as the
unit, an attempt is made to weave the web of which the physical and vegetational
factors are the warp, the insect unit, its activities and behaviour, the woof. '

2. The environmental aspect in which the unit is represented by the environ-
mental factors of the habitat, and the relationships of all insects of various orders,
family, genus, and species to these factors and to each other are discussed.

The first of these methods is perhaps the one most likely to be productive of
detailed and accurate results. By multiplying the unit to include, say, every family
represented in the habitat, our knowledge of any one is likely to be very exact.
Necessarily, this method entails much application, besides time and labour. The
second is more general, but has the advantage that by including all insect species in
one study, it treats of the sum-total of biographical relationships and the interacting
influences of every physical or other factor and the individual insect units. The
latter of these is the method which has been adopted for this paper. But, either
way, although the manner of attacking the subject may differ, the ultimate result
would be the same.

% Vestan, A. C.,, “An Associational Study of Illinois Sand Prairie,” Bull. Ill. State Lab. Nat. Hust., 1913,
vol. x, art. 1. r
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PrYs106RAPHY AND ToPOGRAPHY.

In so far as the locality of our investigations is representative of the conditions
which prevail throughout the lower-lying reaches of the Dane valley, it may be
considered as physiographically typical of the whole area. Terraces of a fairly
wide sweep, composed of river gravel, extend along the greater part of the valley.*
Westwards from the North Rode viaduct the river winds from side to side of a
flat of an average breadth of a quarter of a mile, on each side of which rise hills
of red marl capped by a few feet of sandy gravel, and the valley shows here and
there traces of two or three terraces. The river runs in a deep channel cut through
this old alluvium well down into the red marl below. The pebbles in the gravel
are of all sizes, up to that of a man’s fist, and there are sometimes beds of sand :
the gravel is at times stratified, but is oftener just such a rude tumbled mass of
pebbles and boulders as now lies in the bed of the river; it has doubtless been

formed mainly from the waste of the Drift Sand and Gravel. As this gravel rests

on red marl without any trace of boulder beds between, it is likely that the valley
of the Dane has been greatly deepened since the Drift period. From Congleton,
eight miles to the west, to Holmes Chapel and beyond, on the north-east side of
the valley, a pair of terraces may be made out, but they have been much cut up
by river denudation. They soon give place to a broad, well-marked flat about 15
or 20 feet above the river, with here and there a ledge some 10 feet lower.

The farmland of the Holmes Chapel Agricultural College stands at about
225 feet above sea-level, which represents the altitude of Glover’s Meadow, covering
an area of 1633 acres (Pl I; PL II, fig. 2). This name has been used throughout
the paper to designate the grassland situated on the top of the wooded declivity,
at the bottom of which the Alluvial Pasture of4'658 acres (Pl I; Pl II, fig. 1)
extends along the south side of the River Dane. The Farm Pasture, on which is
situated the filtering tank of the College sewage system, is 4'09 acres, wheat

field 6'94 acres, and potato field 586 acres, about one-tenth acre being sown in -

oats and a small strip planted with cabbages as represented in the diagram (P1. I)
taken from the survey map of the farm. As the study is mainly concerned
with the two fields, Glover’s and Alluvial, the latter of which is confluent with
the higher-lying Farm Pasture, the importance of the adjacent fields and woods
lies in the fact that the crops and trees which they bear supplied numerous species
of insects which invaded our more limited area and so had to be considered as
temporary invaders or migratory forms.

The Alluvial Pasture stands at a height of about 155 feet above sea-level.. Its
surface soil is derived from the Post-Glacial Drift, and consists of alluvium. This
is in decided contradistinetion to the surface soil of Glover’s Meadow, which is

* Huiy, E., and Green, A. Hi, “The Geology of the Country round Stockport, Macclesfield, Congleton, and
Leek,” Mem. Geol. Sur. Gt. Brit., London, 1866, p. 80.
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derived from Middle Sand overlying Boulder Clay and Keuper Marl, evidences of
which can be traced in the escarpment connecting the two meadows. Naturally,
after a period of time, soils become modified by the accumulation of humus, which
tends to make a soil ‘“ heavy.” There is really very little difference to be found in
the texture of the soils of the two meadows, although derived from such different
sources, and very little variation in their water-content. That of Glover's Meadow,
with its underlying strata of clay which prevents leaching, has a large retentive
capacity for moisture. The Alluvial Pasture, by reason of its position on the banks
of the Dane, does not dry readily, and its moisture content is continually being
added to by the waters draining from the higher lands down the declivity on its
southern side, so that at the base of the slope on the side distal from the stream
the ground, even in midsummer, had almost always a tendency to be marshy. If
anything, the soil of the Alluvial Pasture is the more friable when dry, that of
Glover's Meadow tending to become compact and cloddy.

The Alluvial Pasture varies in evenness. It is flat on the west side and rises
gradually at the east and south sides towards the escarpment (PL IL, fig. 1.) Sundry-
undulations cause here and there the formation of moister hollows. The surface
of Glover's Meadow is almost level, dipping slightly on one side towards the wood
(PL II, fig. 2). The Farm Pasture is level for a great part, but its evenness
is interrupted by the steep gradient leading down to the banks of the river.

It was not considered necessary to make chemical analyses of the soils of the
habitat. A knowledge of the mechanical nature of the soil, its coarseness or
fineness, is much more important for ecological purposes.* The texture of a soil
determines and regulates its water-content, which is of far more importance to
animal and plant life than its chemical composition. Mechanical analyses need
not be too exact, and the measurement and separation of the particles according
to definite units of size or variation represents a waste of effort. The results give
no real clue to the nature of the soil as it actually exists, where the particles are
all mixed up. Therefore, it is sufficient to know that the Alluvial Pasture soil is
a dark-coloured loam, that of Glover's Meadow a reddish clay loam.

THE PraNT ENVIRONMENT AND ITS RELATION TO INSECTS.

With the assistance of Mr C. H. Gapp, Lecturer in Biology at the Holmes
Chapel Agricultural College, a thorough analysis was made of the dominant floral
species. The vegetation is essentially of the mesophytic type. In Glover's Meadow
the predominant herbage of the field consists of Anthoxanthum odoratum and
Holcus lanatus. Among species which could be designated abundant, there were
Dactylis glomerata, Festuca ovina, Rhinanthus crista-galls, Rumex acetosa, and
R. acetosella, Cynosurus cristatus, Ranunculus repens, Plantago lanceolata, and

* CreMeNts, F. E., Research Methods in Ecology, Lincoln, Nebraska, 1965, pp. 15, 80.
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Bromus mollis. A close matting of moss, Brachythecium rutabulum, covered the
surface of the ground, obscured to casual observation by the taller plants. In
addition to these species there were also present in greater or less abundance Poa
trivialis, Ranunculus acris, Veroniea chamadrys, Trifolium repens, Chrysanthemum
leucanthemum, Bellis perenmis, Bunium flexwosum, Cerastiwm triviale, Potentilla

anserina, Potentilla reptans, Loliwm perenne, Agrostis alba, Agrostis vulgaris,

Prunella, vulgaris, Phlewm pratense, Ranunculus ficaria, Trifolium pratense,
and Draba verna.

In the south-eastern corner of the same meadow, in the vicinity of a pond, the
plant species were essentially hygrophytic, and included Lychnis flos-cuculr, Carduus
palustris, Spirea wlmaria, Lotus corniculatus, Ajuga reptans, Anemone nemorosa,
Primula vulgaris, P. veris, Cardamine pratensis, Trifolium pratense, together with
species of Carex, Juncus, and Equisetum. In the north corner of the same meadow,
surrounded almost wholly by trees, bracken (Pteris aquilina) flourishes, interspersed
by blue-bells and yellow pimpernel. On its westerly exposure Glover's Meadow is
bounded by an intermittent hedge of hawthorn, elm, and willow, interrupted here
and there by isolated trees of oak and alder. At the base of this hedge the
following species were observed :—Rubus fruticosus, Rosa camina, Urtica dioica,
Digitalis purpurea, Teucrium scorodonia, Sarothamnus scoparius, Equisetum spp.,
Stellaria holostea, Lychnis diurna, Anthriscus sylvestris, Heracleum sphondylium,
and Vicia seprum.

The trees on the eastern side of the meadow (Pl II, fig. 2), forming the upper
limits of the wood which clothes the declivity, are a mixed assortment of sycamore,
elm, oak, holly, ash, hawthorn, hazel, and elder.

The herbage of the Alluvial Pasture has as its predominant constituents Holcus
lanatus, Trifolium repens, Lolium perenne, Anthoxanthum odoratum, Festuca ovina,
Agrostis alba, and 4. vulgaris. Other grasses present are Poa trivialis, P. pratensts,
and P. annua, Festuca pratensis, Cynosurus cristatus, and Dactylis glomerata. The
wood on the southern side (Pl II, fig. 1) contains alder, ash, sycamore, beech, holly,
hawthorn, elder, hazel, oak, willow, mountain ash, and elm. In the shade of the
trees overhanging the meadow the Urtica dioica, Lychms diurna, Mercurialis
perennis, and Arctium lappa, each of these species occurring in great profusion in
this particular location.

A summary of the weeds in the Alluvial Pasture showed that the following
species were abundant :—Urtica dioica, Rumex acetosa, Ranunculus repens, R. acris,
Bellis perenmis, Achillea mullefolium, Cerastium triviale, Luzula campestris,
Carduus arvensis, Rumex obtusifolius, and R. crispus.

It has been considered necessary to detail the floral species in this way, not only
because of the important relations which exist between plants and phytophagous
insects directly, but also because of the action and interaction continually exerted
between the vegetational type and the climatic factors so important to animal life,
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of which it serves as a general sort of index. Temperature, humidity, and wind
velocity are each and severally modified by the particular kind of plant association,
whether it be herbage, shrubs or forest, and each kind of association harbours its
own kind of animal life, species which are characteristic of it and of no other.
Often the line of demarcation between one association and another can be strictly
delimited, so that species which may be introduced into an association which is alien
to their habits react negatively to the prevailing physical factors of their new abode
and tend to turn back. On the other hand, where two distinct associations are in
juxtaposition and gradually merge into one another, as in the case of woodland and
grassland, many species from both will intermingle, especially so at the places of
transition. Thus the feeding habits of many larval forms will be actively pursued in
the humus or decaying wood of forests, and will react negatively to light and to a
dry atmosphere, whilst the winged adults will visit the herbage of meadows and
pasture, bathing themselves in the rays of the sun. Migration, however, is more
frequent from stratum to stratum, by which is meant the vertical divisions of a
uniform area such as the subterranean, surface, plant, and aerial strata, for which
VestaL * has introduced the terms subterricolous, terricolous, herbicolous, and
aericolous respectively. It is this process of interchange of either one individual or
the same group of indivduals from one stratum to another that lends unity to the
association. The process may be induced by changes of light intensity, or may be a
direct response to the different needs and activities of an insect during different
stages of its life-history. An-analysis of migration reveals the presence of four
factors, viz. motility, agency, proximity, and topography. Not all of these are
present in every instance of migration, and in many cases where the proper
distributive agent is lacking to eke out the motile powers of an organism, the
effective operation of the two will be profoundly modified by distance and
topography. In general, insects do not take long migratory flights except when
there is some urgent necessity, such as lack of food due to enormous multiplication
of a species, a phenomenon which occurs in the Rocky Mountain locust (Schistocerca
americana). A curious example of migration, as yet unexplained, which the author
had the opportunity of observing during a sojourn in America last summer, is that
of two species of Salt Marsh mosquito, Culex cantator and Culex solicitans, which
come off the extensive salt marshes bordering the New Jersey coast in enormous
numbers. Specimens were taken in grasses and rank herbage as many as five
to seven miles inland. Dr Smite t first proved (1902) that the theory which
maintained that mosquitoes do not fly far from the point where they breed, was not
applicable to all the species of this family.

In a general way it is now recognised, as has been already remarked (p. 38), that

* VEsrAL, A. G., “ An Associational Study of Illinois Sand Prairie,” Bull. Ill. State Lab. Nat. Hust., 1913, vol. x,
art. 1, p. 67.

+ Sumrrs, J. B. ¢ Mosquitoes,” Rept. New Jersey State Agric. Exper. Station, Trenton, N.J., 1904, p. 5.
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for a given terrestrial environment the animal and plant association is co-extensive,
and that the boundaries of the one roughly coincide with the other, the whole
forming what has been defined as a biota composed of animal and plant assemblages.
This relationship, which must as yet be considered hypothetical when regarded
‘broadly, has been here constantly kept in view, and the tables in which the various
insect species have been listed are meant to indicate this basic principle. The plant
ecologist recognises various kinds of association which have been designated by the
name of the dominant type of vegetation, such as pine association, moorland associa-
tion, ete. In our study the association which is recognised as rather heterogeneous
belongs to the grassland + mixed wood type. Being a strictly local complex, the
conditions must be referred to as dependent primarily on soil or edaphic, as con-
trasted with climatic factors which determine the kind of vegetation over wide areas,
such as deciduous forest and steppe.

For the determination of the various species of an association, their abundance
and grouping, the botanist has devised the gquadrat method. By this means the
most accurate information can be obtained of the facts as they exist within a definite
square area. Although the space covered is minute, valuable data can be obtained,

from which conclusions of a general nature can be deduced applying to the whole |

association of which the smaller area selected is representative. Such detail and
thoroughness is scarcely required for our purposes, and only a general idea of the
relative abundance of plant species has been attempted, expressed as common, fairly
common, very common (cf. Tables X, XI).

By reason of their sessile habits the individuals of a plant association can be
more easily studied than those of the more motile species of an animal association.
It is often a very difficult matter to settle what species are peculiar to the association
and what are merely invaders, temporarily or permanently. The clue to an insect’s
real habitat is the test of where it breeds. This may also be the situation where it
feeds, but in a great many cases the two places are not the same. A knowledge
of the larval habits is therefore essential as giving an indication of the animal’s
real habitat.

PrysicaL FacTors oF THE ENVIRONMENT.

The environment or habitat may be defined as the result of the action and inter-
action of the combined forces or factors present in any given region, and, according
to VESTAL,* who quotes ScHIMPER, have been classified into two groups—climatic
(geographic) factors which operate over very broad areas, and edaphic (local) factors
which effect local modifications of the plant life (and the animal as well) within any
such broad region. The composition of the animal association is primarily de-
pendent upon the ecological type of the vegetation, which is again dependent upon
various factors, enumerated by CLEMENTS as water-content, humidity, light,

* Op. cit. .+ Op.cit. p. 18.
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temperature, soil, wind, precipitation, pressure, altitude, exposure, slope, surface
(cover), and animals. To these are added gravity and polarity, which are practically
uniform for all habitats. In their total effect they represent the controlling forces
of the environmental complex, and it is often difficult to attribute to each one its
proper rank and value in determining the facies of the plant or animal association,
on the latter of which they also have a more or less direct influence.

The water-content of any soil is in inverse ratio to its fineness of texture, and is
also for any particular area dependent upon the degree of humidity which prevails
and upon the amount of rainfall at any given time. The question of soil-moisture
has been already discussed in a previous paper * with regard to its relationship to
soil-inhabiting insects. The author indicated its importance as bearing upon their
welfare. In the same connection the questions of temperature and soil ventilation
were also amplified.

It is very doubtful whether such factors as altitude and pressure in any given
region will be found to exert a measurable stimulus upon insect behaviour. In the
first place, it is very difficult to analyse the real effects of altitude. To some extent
it is associated with rainfall, but only in an indefinite degree. CLEMENTS, who has

. just been quoted, says (p. 18) that its influence, so far as the plant is concerned, is
‘really pressure, and that, in consequence, its effect is exerted upon the climatic and

not the edaphic factors of the habitat. Therefore so far as the present study is con-
cerned, the consideration of altitude and pressure may be neglected. Daily records
have, however, been kept of the barometric pressures. These have been averaged
(¢f. Table XII) for the various months during which the investigation lasted, in the
hope that they might prove useful for comparison with the pressures prevailing in
regions of lower or higher altitude. Thus, perhaps, an approximation to the proper
value of pressure in influencing the composition of animal associations may be
derived. It is'a well-known fact that many insects inhabit only localities of high
altitude, but as to whether this phenomenon can be directly assigned to the decreased
density of the atmosphere is a matter of conjecture.

From the standpoint of the animal association the surface covering of the soil,
its nature and density, is recognised to be of such importance that it is customary to
speak of insects of forest, of grassland, of corn and other cultivated crops. Some-
times the mere fact that a particular type of vegetation offers a favourable means
of shelter and protection from enemies will explain the presence of many insect
species. Or it may be that predatory habits will induce them to frequent a
particular locality in their search for food, other than the one in which they breed.
This fact was boldly confronted in the present investigation.

Wind as a distributive agent is perhaps more important to the plant than to the
animal association, and, naturally, where soils are light and loose it may be quite
effective in modifying the surface topography. In the Holmes Chapel locality its

* CAMERON, A. E., “General Survey of the Insect Fauna of the Soil,” Journ. Econ. Biol., vol. viii, p. 189.

(=

et ———



ey

THE INSECT ASSOCIATION OF A LOCAL ENVIRONMENTAL COMPLEX. 45

effect in this way is negligible. Many insects are anemotropic, and in moderate
breezes will orient themselves head-on to the air-current, maintaining a seemingly
motionless attitude on the wing for quite appreciable periods. Species of Bibio will
often be observed maintaining their bodies headed to a gentle breeze, changing their
position to the windward as the breeze veers in one direction or another.  Many
Anthomyiide, Syrphide, and Chironomide have a similar behaviour, and ForLsom *
quotes WHEELER as having observed Empida swarming in one spot every day for no
less than two weeks, probably on account of some particular odour emanating from
the ground which attracts and arrests the flies as they emerge from their pupe. In
this latter case, perhaps cheinotropism determines their curious behaviour as much
as anemotropism.

Many insects are undoubtedly carried before the wind from one association to
another, and it may be of decided importance in migration and invasion. Other-
wise it would often be difficult to explain why certain insects which belong to wood-
land associations are sometimes met with in grassland. During violent dis-
turbances of the atmosphere winged insects generally seek shelter near the ground
amongst the herbage.

The readings for the temperature, pressure, and rainfall were made each day
at 9 a.m. Standard instruments were used. For accurate results in the study of
biological phenomena, however, it is recognised that self-recording apparatus is
essential, whereby the actual temperature fluctuations throughout the course of
the day are obtained. The monthly averages of the soil-temperature records at
Holmes Chapel show a seeming discrepancy, in that apparently the temperature
at a depth of six inches at no time, during the fifteen months covering the in-
vestigation, rose above that at the depth of eighteen. This is, of course, erroneous,
and due to the fact that the readings were made at a time (9 a.m.) when the soil
at the uppermost layer of six inches has lost most of its heat during the night by
radiation to the layers beneath and to the atmosphere, whilst the effect of the
sun’s rays have not yet reached sufficient strength to warm it up. In the summer
months at midday, in bright warm weather, the surface layer is generally a few
degrees warmer than the layers immediately beneath. In the winter months, during
periods of frost and snow, the converse prevails.

The earlier months of 1914 were milder than those of 1913, as a glance at
Table XII will show at once. Whereas, in January 1913, the average maximum
air- temperature was 42° F., in January 1914 it was as high as 58° F.; the average
maximum for the same month of 1914 was 37° F. comparéd with 31° F. for the
corresponding month of the previous year; the average minimum temperature on
grass differed by 4° F., 31° F. in January 1913 and 35° F. in January 1914. The
average soil temperatures for these same months also varied ; at six inches depth,
January 1913, 40° F., January 1914, 38° F., a drop of 2° F. ; at eighteen inches below

* Forsow, J. W., Entomology : its Biological and Economic Aspects, Philadelphia, 1906, p. 348.
TRANS. ROY. SOC. EDIN., VOL. L1I, PART I (NO. 2). 7
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the surface, January 1913, 38° F., January 1914, 44° F., an increase of 6°'F. Ana-
logous variations were recorded for February and March, with an increase of tem-
perature in 1914 favourable to the earlier emergence of insect species from their
hibernating quarters, a fact which was actually observed during the latter year.

The facts regarding the relationship of temperature to the hibernation, sestivation,
and growth of insects are but inadequately known. Several workers have recently
made notable contributions te the subject, of which those of Towgr, SANDERSON,
HeapLeg, and DEAN in America, and BacaMErsEw in Europe are important.

SANDERSON * has endeavoured to determine the existence of physmal laws upon
which the time of emergence of insects from hibernation and the date upon which
they begin oviposition, depends. In experiments with the brown-tail moth (Euproctis
chrysorrheea), the tent caterpillar (Malacosoma americana), and the codling moth
(Carpocapsa pomonella), he has also endeavoured to establish a * thermal constant”
governing the emergence of insects from hibernation. ‘Thermal constant” is defined
as that accumulation of mean daily temperature above the  critical point” of the
species which will cause it to emerge from hibernation or to transform from any
given stage. Active metabolism in insect speciés as well as in ‘plants only occurs at
or above a certain temperature, probably specific  for each kifd or group, and this
temperature has been designated the ‘“ecritical point” for the species concerned.
Heretofore 43° F. was generally accepted as being the universal temperature at or
above which all temperatures were effective, but recent Work has proved that it
varies for different species. B .

It has generally been accepted that a lowering of ter}lperature causes or is at
least associated with the phenomena of hibernation; but SaNDpERSON (loc. cit. p. 58)
and TowEr t have shown that insects have persisted in hibernating, or at least have
their activities curtailed, in spite of being subjected to high temperature just pre-
vious to the normal time for hibernating. The latter author asserts that all the
species of the genus Leptinotarsa, which includes the notorious Colorado potato
beetle, have but two generations, when a period of rest, hibernation, or @stivation
ensues, either of which exert the same effect’on ‘the life-history phenomena of the
insect. During the period of rest the insect loses about 30 per cent. water, causing
a concentration of its protoplasm and body fluids, by virtue of which it can the more
readily resist the injurious effects of lower and higher temperatures.

SANDERSON | in a later paper also draws attention tothe fact that for some species
moisture content is very important, and often more so than temperature, in deter-
mining the optimum for development; and therefore it is necessary for accurate
work on the effect of temperature that moisture conditions should be kept constant.

* SanpersoN, E. D., “The Relation of Temperature to the Hibernation of Insects,” Jour. Econ. Ent., vol. i,
No. 1, pp. 56-65, 2 figs.
+ Tower, D. L., Evolution tn Chrysomelid Beetles of the Genus Leptinotarsa, Carnegie Institution, No. 48, 1906.

{ SanpErsox, E D., “The Relation of the Temperature to the Growth of Insects,” Jour. Econ. Ent., 1910,
vol. iii, No. 2, p. 121.
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This aspect of the question is emphasised ‘in a paper by HENNINGs * on the relation
of temperature and moisture to the development of the scolytid beetle Tomicus
typographus, L., in which he says: “Dass nicht nur ‘kalte’ sondern ‘nasskalte’
Witterung die Entwickelung verlangsamt, hatten schon frither die Beobachtungen
im Freien -gelehrt; mein Bestreben ging dahin, den Einfluss der Luftfeuchtigkeit
ebenso wie den der Temperatur zahlenmissig darzustellen.” In a series of tables he
shows the relation between temperature and moisture and the time occupied in the
development of the various stadia of the insect. Perhaps the most exhaustive
inquiry into the temperature-moisture relations of insects has been made by
BACHMETIEW in two large treatises,T where he states that there is an optimum degree
of "humidity for insect development which differs for different species. DEewrrz] has
also carried out similar experiments with various Lepidoptera and Diptera, notably

Cochylis ambiguella, Enophthira pilleriana, Eudemis botrana, Phalera bucephala,.

and Calliphora erythrocephala, in order to determine the maximum temperature
beyond which the activities of these insects are retarded, and after what period death
ensues. Both the time and temperature factors were varied with interesting results,
which depended upon the stage of development of the larvee employed in the tests.

All of this work is of thé utmost significance to economic entomology. It
is absolutely essential to know the fundamental factors which govern the various
phases of insect life, and as SANDERSON (loc. ¢tt. p. 64) has remarked : “ Entomology,
as well as all biological science, must consider its relations to the more exact and
fundamental sciences of physics and chemistry, if we are to have exact knowledge
of the life with which we are dealing.” This author, along with PEAIRS,§ has lately
published s more detailed account of his researches in bulletin form.

There is, however, an objection to indoor experiments in temperature-moisture
work. It is doubtful in how far one can base one’s conclusions on results obtained
under laboratory conditions, which are generally radically different from those that
prevail outside. There are probably other physical factors besides temperature
and moisture which must be considered, such as light intensity and atmospheric
gases. To control all of these is by no means easy, but it appears to the author
that no matter how unimportant any single factor may seem, it must be con-
sidered as contributing towards the changes which the insect undergoes in its
progress towards maturity.

At the Philadelphia meeting of the American Association of KEconomic

* He~NINGs, C., “ Beitrdge zur Kenntniss der die Insektenentwickelung beeinflussenden Faktoren,” Biologische
Centralblatt, 1907, vol xxvii, p. 327.

+ BacuMEIIEW, P, (1) Ezpervmentelle Entomologische Studien : I. Temperature Verhdlinisse bei Insekten, Le1pz1g,
1910, p. 160. (2) Expcmmentelle Entomologische Studwn vom physikalisch-chemischen Standpunkt aus zweiter Band,
Sophia, 1907, pp. 999 + cviii, pls. 31.

1 DEwirz, J., “Physiologische Untersuchungen auf dem Geblet der Schadlingsforschung,” Naturwiss. Zeits. f.
Forst- w. Landurrischaft, vol. x, pt. 7, pp. 539-549,

§ SanpersoN, E. D., and Prairs, L. M., “The Relation of Temperature to Insect foe,” Tech. Bull. No. 1,
New Hampshire Coll. Ag'n'c. Eaper. St., Durham, N.H., pp. 1-125.
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Entomologists, December 1914, DEaN and NaBours * described a new air-condi-
tioning apparatus for maintaining a desired constant humidity and temperature
within a reasonable degree of variation. If in nothing else, it does not lack
elaborate structure. The principle seems to consist in passing a current of air
through a spray chamber, where it acquires a certain degree of relative humidity
depending on the temperature of the water. It then passes over a thermostat,
where there is imparted to it the required change of temperature before entering
the breeding chamber. Dr Heapree, with whom the author has had the
opportunity of discussing the subject, described at the same meeting a simple
apparatus for the same purpose, consisting of constant temperature and moisture
incubators. It is his opinion t ““ that the response of insect protoplasm, as exhibited
in variations of the rate of metabolism, appears to depend upon: (1) where in the
particular insect’s temperature range the temperature changes occur; (2) the type
of metabolism characteristic of the insect, when the response (to temperature
change) is taken; (3) the presence of any abnormal factor such as parasitism.”
The third of these is of peculiar interest, and, if neglected, might lead to an
apparent discrepancy in the results. Quoting DavENporT, he further emphasises
(loc. cit. p. 416) the effect of moisture on insect metabolism, where, according as
the amount of moisture is increased, growth increases until an optimum is reached.
The quantity available does not determine the amount imbibed, which is rather

controlled by the needs and habits of the species.

SHELFORD | is of the opinion that the best and most accurate index of the
varying physical conditions surrounding land animals wholly or partly exposed to
the atmosphere, is the ““ evaporating power of air.” The standard of measurement
is expressed by the amount of water which the atmosphere, under different con-
ditions of air-temperature, pressure, relative humidity, and average wind velocity,
absorbs from a free water surface in a given time. Evaporation is greatest in open
associations, as has been demonstrated by TraNsEAU,§ where the absence of dense
vegetation permits of the more rapid removal of water vapour. By means of the
porous cup atmometer, as devised by LivINGSTON,|| quantitative evaporation experi-
ments can be successfully carried out.

The significance of the evaporation aspect is likely to prove so important that
SHELFORD'S 1 conclusions, deduced from the results of a series of experiments on the
reaction of various animals to atmospheres of different evaporation capacities, may

* DeaN, G. A, and NaBours, R. K., “A New Air-Conditioning Apparatus,” Jour. Econ. Ent., vol. viii, No. 1,
pp. 107-111.

t+ HeaDLEE, J., “Some Data on the Effect of Temperature and Moisture on the Rate of Insect Metabolism,”
Jour. Econ. Ent., 1914, vol. vii, No. 6, p. 414. <

{ SmELFORD, V. E,, “ Animal Communities in Temperate America,” Geog. Soc. Chicago, Chicago, 1912, p. 161,

§ TransEaU, E. N,, “ The Relation of Plant Societies to Evaporation,” Bot. Gaz., pp. 217-231.

|| LivinesTon, B. E., “The Relation of Desert Plants to Soil Moisture and Evaporation,” Publ. No. 50,
Carnegie Institution.

4 SmeLrorp, V. E., loc. cit. p. 163.
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be stated here: “ (1) The animals studied react to air of a given high rate of
evaporation whether the evaporation is due to moisture, temperature, or rate of
movement ; (2) the sign and degree of reaction to the given rate of evaporation
are in accord with the comparative rates of evaporation in the habitats from which
the animals were collected ; (3) the animals of a given habitat are in general agree-
ment in the matter of sign and degree of reaction; the minor differences which
occur are related to vertical conditions and kind of integument, but no agreement
between survival time and habitat when a number of members of a community are
taken together.”
THE INSECT ASSOCIATION.

A large number of the insect species which occur in meadows and pastures are
not peculiar to them. The real index of an insect’s habitat is where it breeds, and,
although this may be the same as where it feeds during various of its life-history
stages, there are innumerable instances where this is not so. If this fundamental
principle be recognised, it is a very simple matter to distinguish between those
forms which are proper or peculiar to an association (endemic) and those which are
invaders (polydemic), provided always the larval habits are known. The second of
these classes may be again subdivided into two groups, viz.:—1. Temporary in-
vaders. 2. Permanent invaders. Only the first of these concern us. The second
may be better considered in a discussion of the phenomena of succession. In any
given area the physical conditions, climatic or topographical, may undergo such a
change that its fauna or certain members of it can no longer exist within the en-
vironment. The new conditions may, however, be suitable to another set of
organisms which invade the locality and make it their own. Thus a new order of
things is established, lasting only so long as the fresh conditions do not vary to any
great extent. Similar results may also be produced by a change of the biological
conditions. In time, living organisms may render their surroundings toxic to their
own kind by the accumulation of waste matter or excreta, or it may be that the
food supply will give out. On the other hand, other organisms will thrive in just
those conditions and replace their benefactors (SHELFORD, pp. 308, 309).* In the
process of reduction and demolition of a felled log to humus one obtains a good idea
of what is meant by succession, where the Scolytid and large Cerambyecid beetles are
followed by the larve of Hlateride, With the advance of decay these forms give
place to the larve of Muscide, Tipulide, Mycetophilide and attendant predaceous
forms, such as the larve of Leptide, Xylophagide, Staphylinide, and Carabidee.
Ants will frequently rear their broods in the old burrows of the wood-boring forms.
In the final stages, when fungus and moisture have aided materially in reducing the
wood to pulp, earthworms enter and complete the processes of demolition.

We also recognise definite changes or succession of organisms from season to

* Op. cit.
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season. For any given locality the same changes in the same order occur year after
year. It may merely be a succession of the various life-history stages of the indi-
vidual species. Every collector and ecologist knows that many insects are only to
be found on the wing for a certain, well-defined period of each year.

Apterygota.
It has not been considered necessary to draw up a detailed table of the various
species of the Apterygota. In the first place, their numbers were comparatively few,

- and in the second, their habits are probably all alike, viz. : humus-feeders requiring

fairly moist conditions. The following occurred :—

Campodea staphylinus, Westw. Entomobrya nwalrs, L.
Onychiurus fimetarius, L. - Entomobrya albocincta, Templ.
Onychivurus ambulans, L. * Lepidocyrtus. curvicollis, Bourl.
Isotoma viridas, Bourl. - : *Orchesella cincta, Lubb.
Isotoma grisea, Lubb. * Dicyrtomina ornata, Lubb.
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