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1. INTRODUCTION.

1A. Origin and History of the Limnological 
Laboratory.In the year 1917 considerable attention was directed to the freshwater fisheries of the British Isles as a possible source from which the food supply might be increased. Departmental Committees were appointed in England, Scotland and Ireland for the purpose of investigating these fisheries, and—as a temporary war measure—exploiting their resources. One result ol these activities was to direct attention to the need for scientific investigations having for their object the acquisition ol the knowledge necessary for the proper regulation, conservation and development of the freshwater fisheries. Such investigations in relation to the Sea Fisheries have been carried on for many years, but with the exception of a small private laboratory on the Norfolk Broads there has been no institution in Great Britain or Ireland devoted to the study of the problems of the freshwater fisheries. On the Continent, especially in Scandinavia, Switzerland and Germany, and in the United States, such investigations have been carried out extensively by the State 01 by University institutions, usually with the aim of improving the exploitation of the freshwater fisheries.When the post-war schemes for the reorganisation of fishery research were under discussion by the committees appointed by the Development Commission for that purpose, the necessity for proper investigation of the freshwater fisheries was widely recognised. On account of her valuable inland fisheries and large area of fresh water, Ireland was considered to be the most   suitable location for an institution devoted to such aims and the necessary funds for, its establishment, under the control of

The Fisheries Branch of the Department of Agriculture andTechnical Instruction, were provided by the Development Com- missioners

Object and Scope of the Investigations. The main object of the Limnological Laboratory was to lay down a foundation of knowledge which will serve as a basis  for the future regulation, conservation and sevelopment of thefreshwater fisheries. To this end it is essential that the physical and chemical conditions prevailing in the different types of lakes and rivers should be elucidated, as well as the effects on the 

nnssioners. The staff and equipment of the Limnological Laboratory were collected in the spring of 1920, and in August of that yeai they were assembled in Hayes Channel, a non-navigable channel of the River Shannon, near Portumna about one mile from the northern end of Lough Derg. The staff consisted originally of three naturalists and a record keeper. The crew of five comprised a motor mechanic, a fireman, a cook-steward and two fishermen, one of whom was an expert netsman. From November, 1921, until the cessation of operations in March, 1923, the resident staff consisted of two naturalists.



fauna and flora of such meteorological conditions as rainfall, temperature, wind and light. The geological nature and the chemical composition of the rocks of the drainage area, and the prevalence of boglands, exert influences, the precise effects of which have never yet been determined. The fauna and flora of the various rivers and lakes varies with the above conditions. It is necessary to have a reasonably complete knowledge of the species of animals and plants living therein, their relative abundance, seasonal variation, growth, habits and food. The final effect of the above conditions, from the economic point of view, is to determine the amount of food available for the fishes, and, other things being equal, the abundance of the latter.The organisms living in fresh water may be arranged in three categories. There are. first, the plants and animals which are attached to, or living in close connection with, the bed of the lake or river. Secondly, there are those minute animals and plants which swim or float in the water, are carried here and there by currents and have no intimate connection with the bottom. To this assemblage of organisms, the name “ Plankton ” has been given. Thirdly, there are the fishes. The chief ultimate source of food of the fishes and all other animals in the water is the vegetation growing on the bottom or the minute plants of the plankton.The food of the adult fish consists largely of the larvae of aquatic insects, the fresh-water ‘shrimp' (Gammarus pulez), the water wood-louse (Asellus aquaticus) and small shellfish, and a few fish eat aquatic plants. Trout and perch eat the fry of other fishes and frequently of their own species, especially the perch. Pike live largely on other fishes. On the other hand, the pollan feeds almost entirely on the small Crustacea of the plankton, and at certain seasons of the year trout and perch also take the same food. Moreover, the fry of all our freshwater fishes live almost entirely on the plankton Crustacea. Having regard, therefore, to the fundamental importance of this group in the economy of the fisheries, one of our first and most important investigations has been the study of the Crustacea of the plankton.In the present report, an account is given of the species of Crustacea occurring in the plankton, their relative abundance throughout the year, and the various factors controlling this abundance. The plankton of the River Shannon is compared with that of Lough Derg, and the effects of floods in the river on the fauna of the lake are investigated.
2. EQUIPMENT. 
2A. Headquarters.  The   headquarters of the Limnological Laboratory were near Portumna in non-navigable channel, on the east or Tipperary shme ot the River Shannon (Pl. I). The river is here divided by Hayes Island into two channels and on the east shore of the island the boats were moored. The bridge over the Shannon crosses the north end of the island. About one mile below 



I. ’26. (>Hayes Island the river broadens out into Lough Derg. A plot of land on Hayes Island, adjacent to the boats, was leased, and on it were erected the shore laboratory, a store for petrol and paraffin, and other temporary structures.The nearest railway station is Cloughjordan, 11 miles away, but there is a depot of the Grand Canal Company quite close to Hayes Island, and, by means of this service, goods were conveniently obtained from Dublin.
2B. Equipment of Boats.Residential quarters for the staff and crew were provided bx two houseboats, the “ Changsha and the Rambler.' The “ Changsha ” was 63 feet long, with a beam of 13} feet, and had no engine. She was originally fitted and used as a houseboat and afforded sleeping and living accommodation for the staff. The “ Rambler ” was a steam barge, 70} feet long, with a beam of 12 feet and approximately 4 feet 4 inches draft. She supplied accommodation for the crew, a small laboratory, a workshop and store-rooms for nets and other gear.There were two motor boats, the “ Ruby and the “ Nora.” The former was 25' 3" long, and was fitted with a 17-20 H.P. 4-cylinder petro I-paraffin “Atlantic ” engine. She had a cabin in which two people could sleep, and was a very serviceable boat for work on the lake during wet or cold weather. The “ Nora ” was an open launch 24 feet long, with a 14 H.P. petrol “ Gleniffer ” engine.There was a fishing cobble with a broad decked stern for shooting and hauling nets, a ship’s lifeboat and two rowing- boats. °
20. The Shore Laboratory.The shore laboratory was a wooden building, 20 feet by 20it contained three rooms, the laboratory 20' by 12' an office10' by 8' and a spare bedroom 10' by 8'. The laboratory hadwindows facing north east, beneath which was the working bench 20' long.

2D. Equipment for Meteorological and Physical 
Investigations.

m and minimum daily temperaturesTemperature-Maximum and eters in a Stephenson Screen of the air were given by and minimum thermofixed on Hayes Islanc , in tbe river and daily observa-meter was permanently were taken. In addition to thetions of the water temperature weie 

The laboratory contained the usual equipment of compound and dissecting microscopes, instruments, dishes, bottleschemicals, etc. There was a chemica balance, water-oven, apparatus for the colorimetric determination of the Hydrogen Ion concentration and for the determination of Owygen dissolved in water, and a centrifuge for nannoplankton determination. Anoverhead tank gave a supply of filtered rain-water.



1. ’26. 7maximum and minimum readings, observations of these thermometers were taken three times daily, at 9 a.m., 12 noon and at 6 p.m. During the periodical cruises on the lake, the temperature of the air and surface water were taken at each Station. There was a collapsible water-bottle fitted with a Negretti and Zambra reversing thermometer for taking water samples and for determining the temperature below the surface.
Wind.—A combined Anemo-Biagraph and Wind Direction Recorder, constructed by Messrs. Negretti and Zambra, was received on loan from the Air Ministry and was installed in February, 1922. It gave continuous readings of the force and direction of the wind. The recording apparatus was in the shore laboratory, and the 42' mast, carrying the head or vane, passed through the roof. At each Station on the lake, an approximate estimate of the force of the wind was made in numbers 1-12 of the Beaufort scale, and the direction determined by the compass.
Rainfall.—A rain-gauge was mounted on the deck of the “ Changsha ” and daily measurements were made.
Water /ere/.—Daily observations of the height of the river were taken from a water-gauge fixed on the adjacent bank. Water-gauges are maintained by the Board of Works at various places on the river, including Portumna, and the data afforded by them are available.
Transparency of the water.—The turbidity of the water was determined in the river at weekly intervals by means of a Secchi disc. During times of flood, more frequent readings were taken. The turbidity of the lake water was determined at each Station.Daily records were made of the weather, cloud and barometric pressure.

2E. Equipment for Plankton Collecting.There was an ample equipment of townets of various sizes for horizontal hauls, with bags of fine, medium and coarse silk, cheesecloth and mosquito netting.There were two vertical Nansen nets, fitted with a closing device, one with bag of No. 20 silk, the other with bag of No. 3 silk. For collecting phytoplankton and Rotifera, two small tow- nets, with bags of No. 20 silk and brass buckets, were used.The nets used for quantitative work are described in greater detail below.For obtaining water in bulk from a known depth, a semirotary pump was used, fitted in an iron framework. The rubber tubing was in lengths of from 2 to 20 metres, which could be screwed together as required, and the lowest length was fitted with a copper funnel, heavily weighted with lead. When in use the funnel was secured to the lead of the sounding-machine and lowered to the desired depth and the water pumped into a vessel holding 5 litres, from which it was poured through a fine silk net immersed in water.A small detachable sounding machine, recording in metres, was fitted to the motor-boat.
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2F. Other Equipment.For collecting the bottom fauna, there was a small naturalist. s dredge, a rake dredge, and a     net with a bag of cheesecloth and mosquito netting.The nets used for capturing fish included a very complete set of standing or meshing nets of uniform size an mounting  The mesh varied from 2 to 5 inches stretched, and the twine from 120/2 ply to 25/3 ply. The draft nets included a Saltash Tuck Net and a Lough Neagh Pollan Seine, but owing to the rocky nature of the shores of Lough Derg, these two nets have not been used to any great extent.Drum nets were used for capturing perch during the spawning season.
3. description of the area.

3A. Geography of the River Shannon and Lough Derg.The catchment area of the River Shannon forms a broad tract stretching from the south-west to the noi t ® toJ'a
. . , • /■» ar<iinvp 1T1I OS ()1 clDOUb OnC-nibii blit dlCclcatchment area is 6,0bU square nniw,Of Ire and, and it is much larger than any s.m.lar area in the British Isles, the largest river in Scotland the Tay, draining.5 The River    Shannon itself, exclusiveabout 2,520 square miles   ‘ , . .of the tidal estuary below Limerick, >s 160 miles long, and inaddition its tributaries are 1,130 miles m length. I he chief ofthese are the Deel, the Maigue, the Fergus, tie Little Brosna the Brosna, the Suck, the Boyle and the limy. In the course of the Shannon is included a number of laige lakes, the chief being Lough Hee, Lough 1 oi lies, Lough Bodergand Lough Allen, whilst on its tributaries are Loughs Key, Gara, Sheelin, Ennel, Owel and Derravaragh.On the whole, the Shannon is a very sluggish mature river, the fall from Lough Allen to Lough Derg being only 55 feet. It flows through a wide and shallow valley, and during the winter floods it overflows its banks and covers wide tracts of adjacent country.At the entrance to Lough Derg, the mean How of the River Shannon is 280,000 cubic feet per minute (approximately 8,000 cubic metres*)  or about twice as great as the average discharge of the River Thames at Kingston.Lough Derg is the last and most southerly of the Shannon lakes. It is bounded on the west by Co. Clare and Co. Galway, on the east by Co. Tipperary. It is 108 feet above sea level and covers an area of 50 square miles. The lake is rather narrow, having a length of 24 miles and an average width of about 21 miles.Except in a few places, mostly near the southern extremity, the shores are flat and usually rocky, with extensive fringing’Report of the Water Power Resources of Ireland Sub-Committee Dublin. 1921.



T. ’26. 9reed beds in the bays. In the northern half the depth rarely exceeds 20 feet, but the southern half is considerably deeper, the chart showing soundings of 119 feet. The floor of the lake is composed chiefly of mud or marl, but some of the bays have a bottom of sandy mud with a thick growth of Chara and other aquatic plants.
3B, The Geology of the Shannon Basin.*,The Shannon must be regarded as practically a stream of the great limestone plain of central Ireland. Though it rises on Carboniferous strata of later date than the main limestone, amongst shales and sandstones, and receives water even from the Coal Measures, it reaches the limestone country within twelve miles of its source. Its great tributary, the Suck, has similarly worked its way down to the limestone, and the lakes that mark the course of the main river have been largely extended through lateral solution of their shores. Around Lough Rec the beds of limestone are often seen on the very surface of the country and where boulder-clay and boulder-gravels form the floor of the river-basin, the quantity of limestone-debris included in them imparts hardness to the permeating waters. 'The southern end of Lough Derg occupies a channel cut by the river, and deepened by glacial action, across a large inlier of Did Red Sandstone and Silurian shale. 'This mass forms the Slieve Bernagh and the Arra Mountains, ami on the south of it the rivei- again passes on to limestone. The mud in its walers may thus be attributed to deposits as diverse as the Silurian, the Carboniferous argillaceous limestone, the Coal Measures and the boulder-loams of glacial times. The sand may lie derived from the last named deposits, and primarily from the Old Red Sandstone and the sandstones above the Carboniferous limestone, which occur round Lough Allen.The water of the Shannon must be affected by the large peat-bogs of the central plain. For some ten miles north of Lough Ree, and between Athlone and Banagher, these border the main stream, ami the River Suck, which enters just below Shannonbridge, is fringed with bogland throughout its meandering course. Local acidity of the water arising from this source is probably neutralised in the main flow through the quantity of Calcium Carbonate available in the basin as a whole.

3C. Description of the Area of Investigations, and 
Position of the Stations.The area from which results included in the present report have been obtained comprises the River Shannon from Hayes Island to the lake, a distance of about one mile, and the northern part of Lough Derg, so far south as Drominagli Point (see chart,* For  the above brief description of the geology of the Shannon Basin we are indebted to the late Professor G. A. [. ('ole, F.R.S., the Director of the Geological Survey of Ireland.



I. ’26. 10Pl. I). A number of observations were made at Stations further down the lake, as stated below, but these Stations were not a part of the regular routine.The position of the Stations was fixed by cross-bearings. All bearings given are magnetic. The particulars of each Station are as follows: —
Headquarters Station is in the River Shannon, in Hayes Channel, alongside the houseboats. The plankton work here was confined to weekly estimations of the Rotifera, phytoplankton, and nannoplankton and has little bearing on the present report. It is, however, the chief locus of the physical and chemical observations. Soundings are 5.5 metres and the bottom is firm. The strength of the current varies considerably, but is always less than in the main channel.
Station L is in the main river channel, about 500 yards below Hayes Island. The river bed is very uneven and soundings vary from 6 to 14 metres, but are usually about 11. During floods in the river the current is so rapid that vertical nets cannot be used and the horizontal hauls are not very accurate as regards distance. This Station was first worked on March 24, 1921, but its position was not finally fixed until the following May 6.
Station K is in Portunma Bay, about half a mile from the entrance of the river. It was first worked in December, 1929 and was selected for the purpose of studying the effect of the river on the plankton of the lake. The river current sets over towards this Station, which is far more intimately affected by it than any of the others. The soundings vary from 2.8 to 3 f metres, and the bottom is sandy mud with a thick growth of weeds.
Station 11 is one of the original Stations. It is in the middle of the entrance to Slevoir Bay. Soundings vary froin /,_*  5 metres, and the bottom is muddy marl. Horizontal hauls at this Station were discontinued after July II. 1921, and verfieal hauls after March 29, 1922.
Station ./ is one of the original Stations. It is in the middle of Slevoir Bay near the eastern end, and for several reasons it has always been one of the most important Stations, differing in character from the others. Il is removed from the direct action of the river current, and, on account of the prevalent south-westerly winds, the bay constitutes an area of concentration of the wind-driven plankton. Soundings vary from 3.4—3.8 metres, and the bottom is muddy sand.

Station B is one of the original Stations. It is about one mile from the mouth of the river and is in the line of the river current. Horizontal hauls were discontinued after October 4, 1921, and vertical hauls after March 29, 1922. Soundings vary from 4.8—5.5 metres, and the bottom is muddy.
Station G is one of the original Stations. It is in the middle of Cloondevaun Bay, about half a mile S.S.W. of Bonaveen Point. Soundings are from 4—5 metres, and the bottom is muddy sand and shells.
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Station .1 is one of the original Stations and has always been regarded as the most important. It is in the middle of Gortmore Deep, to the west of Gortmore Point. It is the only Station in the northern area at which depths of over 10 metres can obtained. On a calm day the effect of the river current is still evident at this Station. Soundings range from 10—11 metres and the bottom is soft mud.
Station C is one of the original Stations. It is close to the east shore, half a mile south of Stu. A, and just north of Kylenoe Rocks. It was never worked very much and was discontinued after February 23, 1921. Soundings vary from 4.8—5.5 metres, and the bottom is mud.
Station 1) is one of the original Stations. It is near the south shore of Cloondevaun Bay, half a mile north of Gregg Castle. Horizontal hauls were discontinued after August 10, 1921, and vertical hauls after March 29, 1922. Soundings vary from 4—4.5 metres, and the bottom is mud.
Station /? is one of the original Stations. It is on the east side of Drominagh Narrows, and it is the most southerly of the regularly worked Stations. Horizontal hauls were discontinued after August 10, 1921. Soundings vary from 4.2—4.8 metres, and the bottom is muddy sand.
Station I' is one of the original Stations. It is on the west side of Drominagh Narrows, opposite Stn. E. It was abandoned after November 24, 1920. Soundings vary from 2.5—3 metres, and the bottom is muddy sand.In addition to the above regular Stations, observations have been taken from time to time at certain other spots, of which the following are the most important: —
Station X is on the south shore of Slevoir Bay, south-west of Stn. .1 and quite close to the shore. Soundings vary from 1.7 3.3 metres, and the bottom is muddy sand and shells.
Station J' is on the north shore of Slevoir Bay, north-east of Sin. .1. close to the shore. ’The three Stations X, .J and Y are m a straight line, and the prevailing wind blows from X to Y. Soundings vary from 1.9—3 metres, and the bottom is muddy sand and shells.
Station Z lies to the east of Stns. X, .1 and Y, in the middle of Garrigahorig Bay. Soundings vary from 1.6—2.7 metres and the bottom is marl or muddy sand, with a thick growth of Chara and other weeds. Stations X, Y and Z were worked for the purpose of studying the effect of wind-drift on the plankton.
Station M is much further down the lake near Goat Island, 4(H) yards west of the beacon on the island. Soundings vary from 8.6—9.7 metres, and the bottom is mud.
Station X is still further south, oil’ Curraghmore Point. Soundings vary from 21—26 metres, and the bottom is soft mud.
Station P is the most southerly of all. It is midway between lllanmore and the Carrigeen Islands. Soundings are from 26.5—27.4 metres, and the bottom is soft mud.



I. ’26. 12Stations M, N, and P were visited either to study the vertical distribution of the plankton or to ascertain if the conditions in the northern part of the lake differed from those prevailing further south.
4. METHODS AND TECHNIQUE.

4A. Introduction.For some time after operations were commenced considerable attention was paid to the development of methods and technique suitable for the problems under investigation. The object was to make the observations comparable, and as strictly quantitative as time and circumstances permitted. Nearly all the work of a similar nature which has been carried out in Furope and North America has been based on the use of some form of vertically hauled lownet. For the investigation of our area such a method has serious disadvantages. The Stations differ considerably in depth, and hence the catch of vertical nets from different Stations would not be comparable ; whilst, owing to the difficulty of locating them precisely, the depth, at each Station even, may vary from cruise to cruise. As the comparison of the catches in different lakes, and also at Stations differing greatly in depth, was an important part of our programme, the exclusive use of the method of vertical hauls was not considered advisable. At certain seasons of the year the plankton is so meagre that a vertical haul in 3—5 metres—the usual depth at the Stations in the northern part of L. Derg—would yield too few individuals to be of much value. Again, vertical hauls throw no light on the vertical distribution of the plankton, unless they are subdivided in a manner quite unsuited to our shallow area. For these reasons it appeared advisable to utilise some kind of horizontal haul which would yield comparable results. The vertical haul undoubtedly gives a more accurate measure of the number of individuals in the plankton, by reason of the fact that they are frequently concentrated at a particular level, and if the horizontal haul is along this level the catch is too high, whilst if it is at any other level the catch is too small. Therefore, both methods have been used, but our original view that horizontal hauls would be more valuable in our shallow area has been quite confirmed.It has been found that the variation in the catch of a series of horizontal hauls taken almost simultaneously at the same place is no greater than that of a similar series of vertical hauls.In order to reduce the possible error involved in the method of horizontal hauls where the vertical distribution is not uniform, the catch in the surface and bottom hauls has been averaged, and this average figure has been used in all tables and graphs, unless otherwise stated.
4B. Description of the Nets used in Plankton 

Investigations.
The Medium Silk Nel (subsequently referred to as the M.S.N.). This is a townet with a wooden ring 50 cms. in 



I. ’26. 13diameter, with a bag of silk, one metre long, of No. 3 gauze, having, when new, 22-23 meshes in 10 mm.
The Fine Sill Net (subsequently referred to as'the F.S.N.). This net is similar to the M.S.N., but the bag is of No. 20 gauze, having, when new, 68-70 meshes in 10 mm.
The Medium Sill; Xansen Vertical Closing Xet (subsequently referred to as the Nansen). This net has a metal ring 50 cms. in diameter. The silk bag is 1.05 metres long, of No. 3 gauze, like that of the M.S.N., and il is fitted with a brass bucket and a closing device.
The Fine Sill: Xansen Vertical Closing Net (subsequently referred to as the E.S. Nansen). This net is similar to the M.S. Nansen, but the hag is 1.45 metres long and is made of No. 20 gauze.
The Diatom Net is used for vertical hauls, for the estimation of Rotifera and phytoplankton. It has a metal ring 20 cms. in diameter. The silk bag is one metre long, composed of No. 20 gauze, and is fitted with a bucket.

46. Methods of Making Horizontal Hauls.In addition to the methods practiced on L. Derg and the R. Shannon, those evolved for use on certain lakes, viz., Lough Atorick and Loughrea, are here described. The differences arise from the fact that on L. Derg a motor-boat was used in conjunction with a row-boat, whilst on the other lakes only a rowboat was available.On L. Derg the procedure was as follows:—The motor-boat was anchored on the Station. The row-boat, containing the observer and the oarsman, proceeded to leeward, stern first, for a distance of 100 yards, the distance being measured by running out a line from a small winch fixed on the stern of the motor-

Fig. 1.—Diagram showing method of attachment of townet 
when making horizontal hauls at the surface.



I. ’26. 1-1boat. This line, before use, was soaked in melted tallow, to make it float, and had a small cork buoy attached to the end. The townet (D in Fig. 1) was tied to a metal thimble (A) which was spliced on to a stout rope (B) held by the observer over the stern of the boat. From the thimble was suspended a 7 lb. lead weight (E), by a rope 3 feet long (G). When the 100 yards line is all run out the boat stops, the weight is lowered into the water, the signal is given to the oarsman to start rowing back to the motor-boat, and at the same time the townet is lowered into the waler, rare being taken that no air remains inside the net. The depth of the net is regulated by the length (B) of the rope, and for surface hauls was usually fished so that the upper rim of the net was 6 inches below the surface of the water. Idle lime occupied in rowing back to the motor-boat was, as nearly as possible, 4 minutes, and was timed by the observer with a stopwatch. To assist the oarsman in correctly liming the haul, the 100 yards line was immediately winched back to 50 yards.When making a bottom haul, the weight is lowered till it touches the bottom, whereupon the oarsman immediately starts to row back to the motor-boat, the method of timing the haul being the same as for a surface haul. The observer keeps the weight just touching the bottom, compensating for changes in depth by taking in or letting out more rope. It is quite easy to do this for depths down to 10 metres, but beyond that the method is unreliable and was not used. The net fishes about 3 ft. from the bottom, but this distance can be regulated by altering the length of the rope G. The net, of course, fishes as it goes down and comes up, but the error thus introduced is not very great in shallow water. As the length of line necessary to fish the net at 10 metres has been found by frequent experiment, it is possible to take a haul at 10 metres over greater depths.A horizontal surface or bottom haul of 100 yards in 4 minutes made by this method will be subsequently referred to as a “ Standard Haul.”In making Standard Hauls in the R. Shannon some slight modifications of the above procedure were necessary on account of the river current. In the summer months this is only very slight at the position selected (Stn. L), but during the winter floods it is very difficult to take an accurate haul. At that season, however, the plankton of the river is usually present in very small amount. The hauls were taken, as far as possible, across the current.If it was desired to make simultaneous surface hauls with two M.S.Ns. or one M.S.N. and an F.S.N. the following method was adopted : —The two nets were attached to the lower ends of poles (A. in Fig. 2) each 3 feet long. The poles were bolted at light-angles to the ends of a stout board (B), 3i feet long, which fits across the stern of the row-boat. The attachment of the poles to the board is strengthened by angle irons (C). When the nets have been dropped overboard, the observer sits op the board (B). The haul is spaced and timed as described above for Standard Hauls. As the
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F.S.N. offers more resislance than the M.S.N., and tends to fish nearer to the surface, it is attached a few inches lower down the pole than the M.S.N. The chief advantages claimed for this method are that it enables two nets to be fished side by side for comparative purposes, at a uniform depth, under similar conditions, and under approximately the same conditions at each Station.When, for some particular purpose, such as the study of “ patchiness,” a very uniform series of horizontal surface hauls was required, the following method was adopted. The net was attached to the end of a line 100 yards long, carried on a winch fixed to the stern of the motor-boat. About 6 feet in front of the townet a line (A. in Fig. 3) 2 feet long is attached, having

Fig. 3.—Diagram showing method of attachment of townet 
when using the winch to haul in the net at the surface.a cork float (B) at the free end. The net, attached to the line, is carried to leeward of the motor-boat in the row-boat, till the whole 100 yards is extended, when it is dropped into the water. It is then hauled back to the motor-boat by means of the winch at a steady speed, in 3 minutes. It was found that the net fished consistently with the rim 6" below the surface of the water.For obtaining uniform bottom hauls, the experiment was tried of enclosing the townet in a frame of 6 longitudinal runners, 3 of wood and 3 of flat hoop iron, which had the front ends curved inwards. They were bolted to two rings of hoop iron. This framework, enclosing the net, was hauled over the measured distance of 100 yards in 4 minutes, This method 



I. ’26. 16ensures that the net fishes within a few inches of the bottom, but in practice it was cumbersome and was not generally adopted.The method of making “ Standard Hauls ” on L. Atorick and Loughrea, where only small row-boats are available, was modified in the following manner. A cork buoy is moored on the Station by means of a large stone. One end of the 10b yards line is attached to the buoy, and the line is then run on I to leeward. When all the line is out, the wooden winch which held it is dropped overboard. The haul is then made in the usual manner over the measured distance, in 4 minutes.The speed at which Standard Hauls are made, viz., 100 yards (91.44 metres) in 4 minutes, is equivalent to a speed of .416 yards (15 inches, or 0.381 metres) per second.The filtration coefficients of the various nets used were not determined with any degree of accuracy. By comparison with the catch of Daphnia longispina in a measured quantity of water taken by means of the plankton pump, it was found that the M.S.N. in a Standard Haul over 100 yards in 4 minutes, filtered about 14,000 litres of water. The column of water through which the net passes is 18,000 litres, so that 77% of the water is filtered, and the coefficient of the net is about 1.29.
4 D. Method of Making Vertical Hauls.Vertical hauls of the Nansen, the F.S. Nansen, and the Diatom Net were made by means of the sounding machine, which registers depth in metres. The two former nets are fitted with closing devices. These two nets were originally designed for work at sea, and their length and method of closing render them somewhat unsuitable for precise work in fresh water. However, as vertical distribution is not dealt with in this report, it is unnecessary to say anything further on this point.The nets were raised at the rate of one half revolution of the winch per second and it has been found by experiment that this is equivalent to 1 metre in 5 seconds, or .2 metres (0.219 yards) per second. The vertical nets were therefore hauled in at rather more than half the speed of the horizontal hauls.
4 E. The Use of the Plankton Pump.The pump is of the semi-rotary type, mounted on an iron tripod frame so that it can be moved about. The rubber tubing has an internal diameter of 1 inch (25 mm.), and is cut in sections of length varying from 2 to 20 metres, which can be screwed together. At the lower end of the tube is a copper funnel, weighted with lead. In order to obtain a sample of water from any desired depth, the funnel is attached to the iead of the sounding machine. The pump has been used chiefly to obtain collections for the enumeration of the Rotifera and phytoplankton. The water from the desired depth is pumped into a jug holding 5 litres, and is then poured through the Diatom Net, which is submerged in water with the rim just above the surface in a floating wooden frame. The usual pro



I. ’26. 17cedure for obtaining a sample for the study of seasonal distribution was to take 10 litres from the surface and bottom and three intermediate depths, giving a total of 50 litres. The pump has been used occasionally to obtain material for the study of the vertical distribution of the plankton Crustacea, and also for the purpose of determining the filtration coefficient of the various nets, and on these occasions at least 100 litres were filtered. The method is too slow and cumbersome for normal use in the study of the seasonal distribution of the plankton Crustacea over a large area.
4 F. Preservation of Material.After the various hauls have been taken, the nets are washed down from the outside. In the case of the F.S.N. and the M.S.N., used in horizontal hauls, the contents of the net are then washed into a lipped enamel basin, and filtered through fine silk. The catch is then washed off the silk into a small lipped porcelain dish, 95 mm. in diameter, transferred to a bottle, labelled, and preserved in 5% solution of formalin. The F.S. Nansen, Nansen and Diatom nets, used for vertical hauls, are each provided with a brass bucket closed at the lower end with a piece of silk clamped on by a brass ring. .After the haul, the net is washed down, the silk is removed from the bucket, the catch washed into the porcelain basin and transferred to a bottle. For these operations, a syringe, consisting of a large rubber bulb and a horn nozzle, is invaluable.

4 G. Methods of Counting the Crustacea of the 
Plankton.The volume of the catch is measured by allowing it to settle for one week in graduated glass cylinders, each cylinder being tapped down daily. The value of such volumetric determinations is very small, for several reasons. In the first place, the method is very crude, and in the second place, it has been shown (Kofoid, 1897, Lohmann, 1908, Birge and Juday, 1922) that a townet, even using No. 20 silk, takes only a .variable fraction, often less than a quarter, of the total plankton present. For these reasons, data based on volumetric determinations have not been utilised.If the catch is small, a total count of all the Crustacea is made. If it is large, it is diluted to a known volume in a graduated cylinder and a definite fraction removed and counted. This fraction is obtained either by the use of a pipette having a wide tip, or by plunging a tube of 7 mm. diameter into the graduated cylinder in which the catch has been evenly distributed by agitation. This is continued till a fraction, usually 25 c.c., lias been obtained, the fraction being measured in a small graduated cylinder of 25 c.c. capacity. Care must be taken, when taking the fraction, to shake the cylinder gently, otherwise most of the Crustacea may rapidly collect near the surface.The fraction to be counted is then transferred to a flat dish and the Crustacea picked out separately either with fine pointed forceps or by means of a small pipette provided with a rubber bulb.
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4 H. Accuracy of the above Methods. Sources of Error. 

Validity of Quantitative Methods in Plankton Research. 
Value of Observations at more than one Station.As already mentioned, the results set out in the present report are based on the catches made with the M.S.N. and the Nansen nets, the silk bags of which are composed of No. 3 gauze having 22-23 meshes in 10 mm. It would appear that the majority of other investigators have used nets with silk of finer mesh, capable of catching Rotifera and part of the ph\ toplankton. Such fine meshed nets would have had several disadvantages for our work. In the first place, the area investigated is so shallow that the Nansen Net catches are very small during the greater part of the year, and they would have been much smaller if finer silk had been used. It was considered essential to use the same silk for the horizontal nets as for the Nansen.In the second place, the phytoplankton of L. Derg and of the R. Shannon, during the spring and autumn, includes a great abundance of filamentous Algae such as Oscillatoria, Melosira and Fragilaria, whilst in times of floods in the river the amount of silt and debris taken in the townets is very great. The fine silk nets capture a very much larger quantity of such material, in proportion to the number of Crustacea, than do the medium silk nets, and consequently the labour and lime involved in counting the Crustacea is much greater. Our scheme of operations involved the collection of a large number of samples from numerous stations at short intervals of time, so it was inevitable that the standard of accuracy attained should be related to the time available for working out the material collected. A variable number of small and immature Copepods and of small specimens of Bosmina coregoni and B. longirostris pass through the meshes of the M.S.N. and the Nansen, but it retains virtually all specimens of Daphnia, Bythotrephes and Leptodora, even quite small ones. If it be remembered that the figures given for the catches of the various species of Copepoda refer to mature or almost mature individuals, the error introduced by the use of the medium silk is not of any great importance. Another advantage in the use of the coarser mesh is that there is much less possibility of clogging by phytoplankton and debris.Burckhardt (1900, p. 207), who used No. 15 gauze in his nets, found that the catch was greatly reduced as the net got older. In a compaiative test of an old net with a new net having the same aperture but somewhat smaller filtering surface he found that the new net caught four times as many specimens of Daphnia hyalina 

(D. longispina) and 4.6 times as many specimens of Bosmina 
coregoni as the old net. Other species were taken in varying propoltions. In this connection, the experiment was made, on January 26, 1923, at Stn. J, of fishing two nets, an old much-used M.S.N. and a new M.S.N. of the same dimensions, side by side at the surface, using the beam method described on p. 14, over 100 yards in 4 minutes. In order to eliminate any error which might be due to the position of the nets, they were transposed 



I. ’26. 19and a second haul was taken. The result was as follows: —Table 1.—Comparison of Catch of Old and New Nets.
1st Experiment.

Daphnia longispina
Bosmina coregoni 
Cyclops strenuus

Old M.S.N.
122.800
112.800

2.000

New M.S.N.
108.000
115,200

2,400

Total 237,000 225,000

2nd Experiment.
Ohl M.S.N. New M.S.N

Daphnia longispina 80,800 09,000
Bosmina coregoni 90,800 79,200
Cyclops strenuus 2,000 2,800
Diaptomus gracilis 400 —

Total 174,000 151,000The older net in each case caught rather more than the new one, the excess in the first experiment being 5.3%, in the second experiment 14.7%. These differences fall within the normal error of sampling and counting, and it is apparent that use does not materially affect the catching power of a medium silk net. This may be regarded as an additional advantage for the use of such a net.The chief sources of error in the method of Standard Hauls are as follows: —A. Probably the most serious error is due to the irregular vertical distribution of the plankton. The Crustacea may, on occasion, be concentrated in a very narrow zone of depth, usually either near the surface or near the bottom. Two examples may be given of extreme cases, in one of which the Crustacea were concentrated in the surface metre of water, in the other near the bottom.Table 2.—Concentration of Plankton at Surface and Bottom.Station Z. Soundings 2.7 metres. 27.VII.1922.
Daphnia longispina

M.S.N. Surface.
232,720

M.S.N. Bottom.
7,240

Bythotrephes longimanus 5,800 1,920
Leptodora Kindtii 480 2,080
Diaptomus gracilis 200 120
Cyclops strenuus 240 40
Leptocyclops agilis — 40

Total 230,440 11,440



I. ’26 20Station J. Soundings 3.5 metres. 24.XI.1922.
M.S.N. Surface. M.S.N. Bottom

Daphnia longispina 2,880 211. 100
Bosniina corcgoni 5,800 71.200
Ceriodaphnia pulchella 40 —
Acroperus harpae 40 —
Diaptomus gracilis 40 —

Total 8,800 315,600

Such marked concentrations at a particular level are the exception, not the rule. Concentration near the bottom was usually associated with dead calm weather.In the event of marked concentrations of the plankton at a particular level, for instance at the surface, the error involved in taking an average of the surface and bottom hauls increases in proportion to the depth. All the Stations in our area, except Stn. A, where the depth is about 11 metres, are shallow, and do not exceed 5.5 metres. The average of the surface and bottom hauls in such shallow water will give a figure which will usually not differ greatly from that which would be obtained if the vertical distribution was quite uniform. Concentrations in such shallow water, when they occur, are usually either at the surface or the bottom, rarely in mid-water, therefore the average of horizontal hauls at the surface and bottom gives a higher figure than vertical hauls would yield, if the same amount of water were filtered.Vertical hauls with the Nansen net were usually taken at all Stations where the M.S.N. was used. The results obtained at any one Station are not comparable with those at another Station of different depth, and as most of the Stations are shallow (3-5 metres), the catch was usually small. The results obtained by the use of this net usually confirm those afforded by the M.S.N., and for these various reasons it has not been considered necessary to include them in the present report. The only Station in our area where the depth was sufficiently great to yield results of any value with the Nansen was Stn. A (depth 10-11 metres). Plates II. and III. show the mean (Total Crustacea) of surface and bottom hauls of the M.S.N., together with the catch of the Nansen on the same dates, at Stn. r\. The resemblance is very close and both methods would present almost the same picture of the seasonal distribution.A point of considerable interest is raised by the consideration of these graphs. Whilst the M.S.N. catch for both years shows a distinct summer maximum in July, such a maximum is hardly indicated by the Nansen figures at Stn. A. But a comparison of the Nansen catches at all the other Stations in both years showed a marked maximum in July, as already indicated by tin- horizontal hauls. The figures for the Nansen net are as follows;—
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1921 1922

Before During
Maximum Maximum

Before
Maximum

During
Maximum

Stu. A.
Mean of 
all Stations  
visited. 

1,100 732

397 842

1,012

389

1,512

790

It is evident from these figures that the results of the vertical hauls at all Stations confirm those obtained from the horizontal hauls, and that reliance on a single vertical haul at one Station might have given quite erroneous results in both years.In view of the marked irregularities in distribution which have been observed (vide p. 120) it is almost certain that vertical hauls of from 3 to 12 yards, in shallow water, must frequently give very misleading results. This possible error is greatly reduced when the estimate is based on the average of two hauls, each 100 yards long. Moreover, the Nansen net which was used for vertical hauls, is not designed to fish close to the bottom, and therefore its catch is too small when the plankton is concentrated near the bottom.Taking into consideration the fact that our conclusions are based on both horizontal and vertical hauls at from five to seven Stations, worked at approximately fortnightly intervals, we are confident that they give an accurate representation of the seasonal distribution of the component species of the Crustacea of the plankton.B. In the course of the investigations three M.S.Ns. have been used. They were as nearly as possible alike in aperture and fishing area of the bag, and the same kind of silk was used. The differences in their respective catches were probably small.C. Variation in the length of the haul. In a high wind, with a choppy sea, it is not always easy to row the boat in a straight line over the measured 100 yards. The error involved may be as much as 10%. If we had reason to think that the error was greater the haul was repeated.D. Variation in the timing of the haul. For the reason just given, there was some variation in the timing of the haul, but no data are available to estimate the error thus introduced.E. A proportion of small and immature specimens of 
Bosmina coregoni, B. longirostris, Cyclops and Diaptomus may pass through the meshes of the M.S.N.F. Errors involved in counting the catch. As the catch usually contained some thousands of Crustacea, and might be as high as a million, it was only possible to count a fraction ol it. 'The method of diluting the catch to a known volume and taking a sample from it has already been described (p. 17).



I. 26. 22It is at this stage of the procedure that the error is introduced. The error in the actual counting is negligible. But it is difficult to distribute some thousands of organisms, belonging to several species, evenly in a liquid, so that a fair sample can be withdrawn. Various methods of taking the sample were tried, but none was found which gave such satisfactory results as the one already described. If the vessel, containing the diluted catch, is violently-agitated, small bubbles of air adhere to some of the specimens, causing them to collect rapidly at the surface as soon as the agitation ceases. The higher the dilution, and the smaller the number of specimens of a species present, the greater the relative error may be.A number of test counts were made, in order to afford some estimate of the error involved. The results of two series of counts are given in Tables 3 and 4.
Gatch of M.S.N. diluted to 1000 c.c. Twenty lots of 25 c.c. each were taken, and the Crustacea counted.

Table 3.—Test Counts.
Daphnia Bosmina Cyclops Diaptonius Total1. 128 174 6 0 3082 124 154 0 0 2783. 123 122 4 1 2504. 138 151 4 0 2935. 134 149 * 2 0 2856. 126 173 1 2 3027. 129 190 1 0 3208. 128 144 4 1 2779. 134 195 3 0 33210. 130 186 3 0 31911. 129 125 3 • 0 25712. 146 156 1 1 30413. 124 177 0 0 30114. 149 167 0 0 31615. 113 143 1 1 25816. 116 183 1 1 30117. 147 176 2 1 32618. 128 161 4 0 29319. 128 171 0 1 30020. 153 181 3 0 331
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Catch of M.S.N. diluted to 1000 c.c. Twelve lots of 25 c.c. eachTable 4.—Test Counts.
were taken, and the Crustacea counted.Daphnia Bosmina Cyclops Diaptomus Total1. 1 75 25 199 3002. 2 75 28 156 261b. 5 85 30 192 3124. 7 74 19 164 2645. 1 85 25 190 3016. 2 86 30 175 2937. 5 79 28 166 2788. 5 86 24 204 3199. 4 73 20 163 26010. 1 77 36 182 29611. 3 87 24 189 30312. ,) 84 26 172 287It will be seen that, in the first case the twenty counts range from 250 to 337 with a mean of 297.85 and, in the second case, the twelve counts range from 260 to 312, with a mean of 289.5. rl he measure of dispersion known as the standard deviation has been determined in each case, and from this the probable error has been computed. This worked out at ±16.6 and ±13.4 respectively, or ±5.6 and ±4.6 per cent, of the mean.In view of the wide variations found in the plankton at adjacent Stations on the same day (vide p. 128), the possible errors indicated above cannot be considered as invalidating the results set out in this report.Many investigators of the seasonal distribution of the freshwater plankton have based their conclusions on results obtained al a single station. In lakes having a regular shore-line, with no large river flowing in, and of fairly uniform depth, a single station may or may not fairly represent the condition of things prevailing throughout the limnetic region of the lake. In L. Derg, such uniform conditions are not found. The lake is very irregular in outline, with narrow and wide bays, the bottom is very uneven, and conditions in the northern end, where our investigations have been carried out, are dominated by the inflow of the R. Shannon, of which river, L. Derg is, in the hydro- graphical sense, only an expansion. For these reasons, collections have been made al numerous Stations, whenever possible <>n the same day. Very considerable variations were found in the plankton at different Stations, and these differences are more fully considered in Section 11, p. 128.
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5. PHYSICAL AND CHEMICAL OBSERVATIONS.

5 A. Temperature of the Water.All temperature records in this report are expressed in the Centigrade Scale.Daily observations have been made of the maximum and minimum temperatures of the River Shannon from September 21, 1920, until March 15, 1923. These observations were taken by means of a maximum and minimum thermometer suspended at a depth of one metre from a buoy in Hayes Channel. The weekly averages of the daily mean of these temperatures for the years 1921 and 1922 are plotted in Plate IV.As would naturally be expected, the temperature of the water in 1921 was usually higher than in 1922. In 1921 the maximum temperature was attained in the middle of -July, whilst in 1922 it was attained during the first week in June. The lowest temperatures observed in the winters of 1920-21, 1921-22, and 1922-23 were 2.4° on December 17, 1920, 2.8° on January 18 and 27, 1922, and 2.6° on January 12, 1923. The highest temperatures in 1921 and 1922 were 25.0° on July 12, 1921, and 19.8° on June 8, 1922.In both 1921 and 1922 there was a sharp rise of temperature in the beginning of May, and again at the end of May. With the first of these rises is associated in both years the advent of shoals of bream into shallow water for the purpose of spawning. With the second rise is associated in both years the great rise of the Mayfly {Ephemera danica), and the sudden disappearance of 
Bosmina coregoni from the plankton.The summer temperature of 1921 was probably above the average, whilst that of 1922 was probably below it, at least in the summer and autumn.At each Station in the lake where townets were used, the temperature of the surface water was noted, but the results obtained agree so closely with those from the river that no useful purpose would be served by setting them out in detail. 1 he temperature of the river may be taken as representing also that of the lake.1 he temperature of the bottom water of the lake was approximately the same as that of the surface water, and there was no evidence of the existence of a “ discontinuity layer ” or thermocline. The following examples may be quoted: —

The conditions in Lough Derg are evidently not favourable for the establishment of a thermocline. In this long and narrow lake, having a large river flowing in at the north end and out at the

Soundings Temp, at Temp, atDate Position (metres) surface bottom1. IX. 20 Off Scilly Isd. 30.4 16.2 151. IX. 20 Rinnamon Point 16.5 15.8 15.651. IX. 20 Bally rally Point 24 15.5 15.213. XII. 21 Station N 21 8.45 8.38. II. 22 Station N 21.2 5.9 5.42. VII i. 22 Station 1* 26.5 15.5 14.9



L ’26.south encl, the whole body of water, except that in the shallow’ bays, is slowly moving southwards, and this current, aided by the mixing action of the wind, is evidently sufficient to prevent the thermal stratification found in certain lakes in Europe and North America. The biological significance of the uniformity of temperature in Lough Derg lies in the fact that the water in the deeper parts is well supplied with oxygen throughout the year, and is capable of supporting an abundance of living organisms. For instance, about midway dowm the lake, in August, 1922, over soundings of 26 metres, there was almost as much plankton at 20 metres as at the surface or at intermediate depths, and there were frequently more Crustacea near the bottom than at any higher level during the daytime.
The monthly rainfall at Hayes Island during the operations of the Limnological Laboratory was as follows, in inches: —

5 B. Rainfall and Water Level.

Month 1920 1921 1922

Average of
Catchment area 

1923 of R. Shannon
1893-1916*

J anuary 3.221 3.172 2.01 3.4
February .942 3.451 4.2 2.99
March 1.852 1.17 2.96
April 1.56 2.215 2.63
May 1.12 1.53 2.4
June 2.14 2.01 2.7
July 3.24 2.29 3.09
August 2.892 3.195 3.97
September 1.24 2.205 2.535 2.44
October 3.72 2.725 .755 3.42
November 2.83 3.1 .975 3.43
December 2.510 3.917 3.675 3.83

Total 28.914 26.973 37.26
* J. Chaloner Smith (1921, p. 56).At Birr Castle, 12 miles away, the nearest place where rainfall records have been regularly kept, the average rainfall over the period of 30 years 1870-1899 is 33.06 inches.It is remarkable that the rainfall during 1922 should have been so much less than it was during the great drought year of 1921. This is largely due to the exceptionally fine weather in October- November, 1922, and to a very heavy thunderstorm on June 26, 1921, when 2 inches of rain fell. This rain was apparently quite local and it did not affect the height of the river.The level of the water in Lough Derg, and the River Shannon adjacent to Hayes Island is controlled by sluices below at Killaloe and above at Meelick. At Killaloe there is an oblique weir, 569 feet in length, and a sluice barrage with 42 sluices, each 6 feet square. In periods of drought the water level is maintained for purposes of navigation by closing the sluice gates. There is, therefore, not such a great difference between summer and winter levels as there would be without



this control. During Hoods, however, the speed of the river current is greatly increased and there is much more solid matter in suspension, and these two factors have a profound influence on the plankton of the river and of the northern end of the lake.The weekly rainfall at Hayes Island and the average weekly height of the water above the sill at Killaloe for 1921 and 1922 are plotted in Plates V and VI.The winter flood period of 1920-21 was a comparatively short one, beginning at the end of December and running down early in February. There was a small flood in the beginning of April, and after that the river remained low till November. The winter flood of 1921-22 began at the end of December and lasted till the end of March. In the winter of 1922-23 the Hood was even larger. It began in the middle of December and continued until March. On March 2 the water attained a height of 10' 4" above the sill at Killaloe, and extensive tracts of country on each side of the river were Hooded.There is a type of flood in the River Shannon known locally as a “ brown flood ” or a “ yellow flood.” It is more frequent in the spring and summer than in the winter. A brown flood is usually caused by heavy rain after a dry spell. The water conies down heavily laden with silt and is quite brown or yellow in appearance. The level of the river may hardly be raised at ail by a brown flood. The water leaving Lough Rec at Athlone is never coloured, as most of the silt previously in the water has been deposited in the lake. The silt which pa-ses down the river entering Lough Derg has been brought in by the tributaries, chiefly the Little Brosna and the Suck, which enter the Shannon between Athlone and Lough Derg.The following is a list of the floods which have occurred during the course of these investigations: —

The effect of these floods on the plankton of the river and lake is discussed in Section 9, p. lot.

1920October 7-11November 10-20December 1-10December 25-February 8
Flood.... Muddy in river, turbid in lake. Turbid in lake.... Winter flood.1921March 27-31August 1-8November 17-20December 25-March 20
Water turbid.... Yellow flood, very marked.... Winter flood.1922April 16-18May 27-29

September 20December 16
••• Brown FloodWater turbid.••• Brown flood.• Brown flood, being the commencement of the winter flood, which persisted until the end of March, including a brown Hood on February 19



r. 26  . 27The height of the water in the river and lake is, of course, not directly proportional to the rainfall. In the summer a large part of the rainfall is retained by the soil and lost by evaporation. In the winter, on the other hand, the ground becomes saturated and a large proportion of the rainfall flows into the rivers. The flow in these months may even exceed the precipitation. The following table shows the average percentage of precipitation available (Smith, .1. C., 1921, p. 56) : —
J anuary 127 May 03 September 55
February 124 J une 39 October 01
March 113 July 27 November 88
April 90 August 31 December 110The following table shows the mean flow, for each month, in cubic feet per second, over the period 1893-1917, of the River Shannon at Killaloe, below Lough Derg (Smith, .1. G., 1921, p. 53): —

January 16,380 J uly 2,840
February 13,340 August 4,390
March 12,640 September 4,750
April 8,280 October 6,300May 5,480 November 10,950
June 3,350 December 14,780According to the estimate given by Chah mer Smith, theAccording to the estimate given by Chaloner Smith, the mean flow for the whole year during this period was 8,620 cubic feet per second (compare, however, the estimate of the Water Power Resources of Ireland Sub-Committee, already quoted on p. 8, of 280,000 cubic feet per minute or 4,666 cubic feet per second).

5 C. Wind.From August, 1920, to February, 1923, data relating to the wind consist of observations of direction three times daily, at 9 a.m., midday, and 6 p.m., together with a rough approximation of the force stated in numbers ranging from 0-12, of the Beaufort scale. For our purpose this method is sufficiently accurate as regards direction of the wind, but is of little value for force. In February, 1922, a Halliwell-Dines Anemobiagraph, received on loan from the Air Ministry, was erected on Hayes Island, and on February 6 it was brought into use. It gave a continuous record of the force and direction of the wind. In August, 1922, the part of the instrument registering the force of the wind went out of order, and was not repaired until .January, 1923, so that records of force are only available from February 6 to .July 31, 1922. The instrument continued to record the direction of the wind from February 6, 1922, until March 15, 1923.In Table 5 the maximum force of the wind is analysed for the period February 6—July 31, 1922 (176 days).



1. ’26. 28Table 5.—Maximum Force of the Wind in Miles per Hour (M.P.H.), February 6—July 31, 1922.
Less than Moi

10 M.P.H. 10
e than More than
M.P.H. 20 M.P.H.

More than
30 M.P.H.

More than More than
40 M.P.H. 50 M.P.H.

February (23) 0 23 19 14 6 2
March (31) 1 30 21 9 3 0
April (30) 1 29 18 12 3 1
May (31) 0 31 22 10 1 0
June (30) 2 28 23 9 0 0
July (31) 1 30 23 11 0 0
Total (176) 5 171 126 65 13 3

2.8% 97.2% 71.6% 36.9% 7.4% 1 COZ1. 1 /oIt will be observed that only on 5 days (2.8%) did the wind fail to attain a speed of 10 m.p.h., on 45 days (25.6%) it attained a speed of 10-20 m.p.h., on 61 days (34.6%) 20-30 m.p.h., on 52 days (29.5%) 30-40 m.p.h., on 10 days (5.7%) 40-50 m.p.h., and on 3 days (1.7%) it exceeded 50 m.p.h.These figures probably give a fairly accurate representation of the force of the wind throughout the year.In Tables 6 and 7 the direction of the wind is analysed throughout the years 1921 and 1922. Days when the wind varied to a marked degree, or when there was very little oi no wind, are excluded. In 1921 there were 49 such days: in 1922, 58.Table 6.—Analysis of the Daily Direction of the Wind in 1921.
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Direction. Total
N 2 1 1 () 3 5 4 6 2 1 2 0 33

N.N.W. 0 0 0 0 0 3 1 2 0 0 1 1 8
N.W. 0 3 1 2 4 4 2 2 0 1 1 1 21

W.N.W. 1 1 1 0 3 0 0 0 0 1 1 0 8
W. 8 2 7 4 3 2 2 1 2 3 2 10 40

w.s.w. 4 3 4 0 2 2 4 2 3 1 2 5 32
S.W. 5 0 9 5 5 0 4 11 6 6 0 7 58

S.S.W. 3 2 6 0 2 0 0 I 2 1 0 2 19
S. 2 2 0 2 2 1 4 0 3 5 9 0 30

S.S.E. 2 2 1 0 0 0 0 0 1 3 3 1 13
S.E. 0 4 0 1 0 0 1 0 1 0 2 1 10

E.S.E. 0 1 0 1 0 0 0 0 0 1 0 0 3
E. 0 0 0 7 4 7 1 1 2 0 2 0 24

E.N.E. 0 0 0 0 0 0 0 0 0 0 1 0 1
N.E. 1 0 0 1 0 2 0 1 1 0 2 1 9

N.N.E. 0 1 0 0 0 0 0 0 0 0 0 0 1
Variable 3 (> 1 1 3 4 8 4 7 8 2 2 •19
or flat calm



I. ’26. 29Table 7.—Analysis of the Daily Direction of the Wind in 1922.
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Direction Total
N 1 0 5 9 1 2 0 3 3 1 1 1 27

N.N.W. 2 1 1 0 0 0 0 1 0 0 0 2 7
N.W. •> •> 0 1 7 1 4 6 3 2 0 10 3 40

W.N.W. 2 1 2 1 0 1 1 2 0 0 1 2 13
W. 7 3 2 1 6 11 0 6 4 0 3 7 56

w.s.w. 2 6 1 0 1 1 1 2 2 0 2 2 20
s.w. 2 8 4 2 10 1 6 3 0 5 3 2 46

s.s.w. 0 3 0 0 0 2 1 2 1 1 3 0 13
s. 6 4 1 0 0 0 0 0 3 2 1 6 23

S.S.E. 1 1 0 0 0 0 0 0 0 0 0 1 3
S.E. 1 1 1 0 0 0 0 1 0 2 0 1 7

E.S.E. 2 0 1 1 0 1 0 0 1 0 0 2 8
E. 0 0 1 0 1 0 0 0 0 4 0 0 6

E.N.E. 0 0 5 1 0 0 0 1 2 6 0 0 15
N.E. 0 0 5 3 2 0 1 0 5 4 1 0 21

N.N.E. 0 0 1 0 0 0 0 1 0 0 0 0 2
Variable 2 0 0 5 9 9 6 i 6 5 2 58
or flat calmThese observations may be summarised as follows:

Direction 1921 1922
N.—W.N.W. 70 87
w.—s.s.w. 155 135
S.—E.S.E. 56 41
E.—N.N.E. 35 44
Variable 49 58It will be noted that the group of westerly and southwesterly winds greatly predominated. Moreover, the easterly and northerly winds are usually associated with anticyclonic, the westerly and southerly winds with cyclonic conditions, and on the whole the latter are stronger than the former.The relation of the wind to the plankton is considered on p. 114.

5 D. Transparency of the Water.The turbidity of the water was measured by lowering a white enamelled tile, 15 cms. square, by means of the sounding machine, till it disappeared from view. The depth at which the tile disappears is markedly affected by the amount of ripple on the water and by the intensity of the light, and the method only yields very crude results. The observations were begun in April, 1922, and continued until March, 1923, and they probably do not show the extremes, either of turbidity in a really thick brown flood, or of transparency in dry and settled weather such as prevailed in 1921. During the brown flood in the river, on December 17, 1922, the limit of visibility was 0.6 metres. During the brown flood of September 22, the limit was 0.9 metres. In June and August in the river the limit was 2.9 metres, represent-



I. ’26. 30ing the clearest water of the year. Apart from periods of flood, the limit of visibility in the river ranges from 2 to 2.9 metres. In the lake the water is never so turbid as it may be in the river. The lowest limit observed was 1.4 metres, though probably on occasion it is less than this in the northern part of the lake. The greatest limit observed was 4.8 metres at Stn. P some 10 miles from the mouth of the river, in August. For comparative purposes it may be noted that the limit of visibility in Loughrea, a clear-water lake fed by springs, ranged from 6 to 10.3 metres, and in Lough Atorick, a mountain lake filled with water draining almost entirely from boglands, from 1.8 to 3 metres. The normal range in the northern part of Lough Derg is between 2.3 and 4.2 metres, and, of course, the water tends to be clearer as one gets further from the river mouth. In the summer and autumn the water in the bays is clearer than that in the main channel. In times of flood the amount of suspended matter in the water is very great. The waler itself, even when clear, is distinctly of a pale yellowish brown colour.The results for one year, in the R. Shannon at Hayes Channel, and at various Stations in L. Derg, are given in Table 8.
Hayes Other

Stations 1 late Hayes Other
StationsDate Channel Stn. A Channel Stn. A

1922 1922
18. IV. 1.2 1.4 6.X. 2.3 — —

5.V. 1.9 — — 13.X. 2.2 — —
8.V. 1.7 2.1 3.3(M) 16.X. — 2.7 —

12. V. 2. — — 20.X. 2. — —
19. V. 2. — — 27.X. 2.3 — —
24. V. 2.1 3.4 — 3. XI. 2.5 — —

2. VI. 2.4 — — 10. XI. 2. — —
8.VI. 2.7 4. — 13. XI. — 2.1 2.6(J)

17. VI. 2.5 — — 17.XI. 2. —
23. VI. 2.8 — — 24.X1. 2.5 2.5 3.3(J)
30.VI. 2.8 3. 3.5(J) l.XII 2.5 —

5. VI I. 2.4 — 4. (N) 7.XI1 2.4 2.5 2.7(N)
14. VII. 2.4 2.8 3.7(J) 15.X 11 2.1 — —
21.VII. 2. • — 17. XII 0.6 — —
27. VII. 2.3 2.6 3.2(J) 22. XII 1.1 — —

4. VI11. — — 4.8(P) 29. XII 1.4 — —
11.VIII. 2.5 — 1923
18.VIII. 2.7 — — 5.1. 1.6 1.4 1.5(J)
21.VIII. 2.9 3. 3- (J) 11.1. 1.2 —
26. VIII. 2.5 — 18.1. — 2.3 —
l.IX. 1.8 — — 26.1. 2. — 2. (J)
8. IX. 2. — — 2.IT. 1.2 —

11.IX. 2.4 2.4 2.9(E) 12.11. — 1.4
15.IX. 2.2 — — 16.11. 1.4 — —
22. IX. 0.95 — — 9.111. 1.9 — —
27.IX. 1.7 1.6 — 16. III. 1.9 — —

23.111. 2.2 2.1 2.3(J)

Table 8.—Limit of Visibility of Secchi Disc in metres, in the R. Shannon and in L. Derg.
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5 E. Sunlight.The relation of sunlight to the plankton, and especially to the spring maximum, will he considered al greater length in a future report on the phytoplankton of the II. Shannon and L. Derg, and will only he treated briefly here. No measurements of the duration of sunlight were made at the Limnological Laboratory hut those made at the Meteorological Station at Birr Castle,*  some 13 miles away, may fairly he regarded as applicable.

* For sunshine values recorded at Birr ('astle we arc indebted to the Director of the Meteorological Office, South Kensington, London,

In Table 9 are given for each month the total hours of sunshine and the daily mean number of hours of sunshine.Table 9.—Hours of Sunshine at Birr Castle, 1921-1923.1921 1922 1923Total DailyMean Tota 1 DailyMean Total Daily MeanJanuary 37.6 1.23 64.7 2.09 38.8 1.25February 41.6 1.50 74.1 2.65 70.7 2.53March ' 83.5 2.71 124.1 4.00 122.3 3.95April 200.4 6.67 157.3 5.24May 150.6 4.87 208.5 6.73J une 227.1 7.57 141.0 4.70July 198.1 6.39 108.4J 4.17tAugust 130.6 4.21September 135.9 4.53October 52.6 1.70November 43.3 1.44December 34.0 1.10t For period July 1-26 inclusive. From July 27 to December 31,no sunshine records arc available from Birr (.'astle.For the three-month period January-March, the total number of hours of sunshine was 162.7 in 1921, 262.9 in 1922 and 231.8 in 1923.It would naturally be expected that the duration of sunshine would have its most obvious effects on the phytoplankton, and that the zooplankton would only be indirectly affected. The Rotifera and Copepoda of the plankton feed, to some extent, directly on the phytoplankton, whilst the Cladocera are mainly detritus consumers. There is no indication that the date of the spring maximum of the various species of Cladocera was affected by the duration of sunshine in 1921 and 1922. It is interesting to note, however, that the spring maximum of Rotifera in the R. Shannon was much earlier in 1922 than in 1923.
5 F. Chemical Analysis of the Water.Samples of water for chemical analysis were taken on May 18, 1925. The first sample was taken from the R. Shannon, about 100 yards above the bridge at Portumna. The river is here 7 



I. ’2G.metres deep and the sample was taken at a depth of 6.1 metres. The second sample was taken from Lough Derg, midway between Stns. D and G, a little to the west of Stn. A (see Plate I). The lake is here 5.2 metres deep and the sample was taken al a. depth of 4.3 metres. The weather during the spring of 1925 was very wet and on the dale when the samples were taken the water level was somewhat higher than usual at that time of the year.The results of the analysis are set out in Table 10.*  The figures represent parts per million (mg. per litre).Table 10.—Chemical Analysis of Water taken from the Diver Shannon and Lough Derg on May 18, 1925.

It is apparent that on the whole the salt content of the lake water is somewhat higher than that of the river, as was to be expected. On the date when the samples were taken__ May 18—the spring diatom maximum was almost over, and this probably accounts for the very low Silica content of the lake water. Although the amount of Sodium is rather hie-h th p ratio
The analysis of the water samples was carried out in the State Laboratory, Dublin,

R. Shannon L. Derg.
    | Free & SalineAmmonia | Albuminoid 0.022

0.17
0.016
0.08

Oxydised ( as Nitrites 
Nitrogen ( as Nitrates

0.016
0.6

0.032
0.4

TOTAL     /Fixed 
Dissolved - Vobti|e 
Solids       \

223.5
41.5

221.0
42.5

Suspended
Solids 4.3 2.72

. (Permanent
Hardness 1 Temporary

53.0
118.7

63.4
112.6

Silica (S1O2) 3.3 0.3
Phosphates (P2O5) about 0.05 about 0.05
Chlorine 15.09 14.34
Iron Oxide (Fe20.3) very faint 

traces
very faint 

traces
Calcium Oxide (CaO) 102.1 139.0
Magnesia (MgO) 2.03 7.0
Soda (NasO) 60.1 64.2
Potash (I<20) 7.2 5.56

is low, and this, according to Pearsall (1923, p. 166)favours the production of diatoms.



I. ‘26.
5 G. Hydrogen Ion Concentration.Measurements of the Hydrogen Ion Concentration of the water of the R. Shannon and L. Derg were commenced at the end of March, 1922. The method employed was that described by Clark (1920).Buffer solutions ranging from 6.8 to 8.4 ydl at intervals of 0.2 were prepared. The indicator generally employed was a 0.02% solution of Cresol Red (Ortho cresol sulfon phthalein).Observations at the surface were made at weekly intervals in Hayes Channel from March 30, 1922, to March 23, 1923. In the lake ?;H determinations were made at all Stations whensoever visited over the same period. The temperature of the water was also noted. By reason of the distinct colouration of the. water it was necessary to superimpose a tube of lake water over the buffer solution and vice versa, and to employ a comparator. 5 c.c. of water were taken and to this quantity 5 drops of indicator were added.The values for the R. Shannon are given in Table 11.

Table II.—Hydrogen Ion Concentration of R. Shannon water at Hayes Channel.

It will be seen that the pH values range from 7.8 to 8.3. They are, in general, higher in the summer than in the winter months

Date Temp. Date pH Temp1922 192230. III. 7.8 G.45 20.X. 8.05 10.07. IV. 8.0 6.2 27.X. 8.1 8.218. IV. 8.0 7.3 3.XI. 8.15 5.828. IV. 8.1 8.0 10.X1. 8.0 6.958.V. 8.2 13.1 17.XI. 8.0 8.512. V. 8.2 13.9 24.X 1. 8.1 7.719. V. 8.2 13.15 1.XII. 8.1 7.124. V. 8.1 14.95 8. XII. 8.05 0.952. VI. 8.1 18.8 15.X 11. 8.05 7.89.VI. 8.15 18.0 17.XIT. 7.9 6.217. VI. 8.15 10.8 22.X 11. 8.0 3.9523. VI. 8.15 15.3530. VI. 8.3 14.97. VII. 8.2 15.0 192314. VII. 8.1 15.5 5.I. 8.05 5.021. VI I. 8.1 15.8 12.I. 8.05 2.5528. VI I. 8.1 10.4 19.I. 8.0 5.3511.VIII. 8.1 15.6 26.I. 8.1 6.218. VI II. 8.2 15.4 2. II. 8.1 9.120. VI11. 8.2 15.4 9.II. 8.1 5.48. IX. 8.1 14.6 16.II. 8.0 6.115.IX. 8.2 13.55 23.II. 8.0 4 7522. IX. 8.0 14.25 2.III. 8.0 6.129.IX. 8.0 12.55 9.III. 8.2 6.75G.X. 8.1 13.1 16.III. 8.2 6.613.X. 8.1 11.65 23.III. 8.2 6.7



I. ’26. 34and are typical of a drainage area where the rocks are composed chiefly of limestone. Those of September' 22 and December 17, 1922, are interesting as showing a slight drop coinciding with the appearance of brown floods in the river (see p. 108).In Table 12 are given surface values for Stations in L. Derg, together with values for the same dates in the river (Stn. L).Table 12.—Hydrogen Ion Concentration of Surface Waters of Lough Derg.
Date Stn. L Stn. K Stn. A Stn. G Stn. J1922 - .20. IV. 8.0 8.0 8.1 8.1 —24. V. 8.1 8.1 8.2 8.2 8.230. VI. 8.3 — 8.4 8.4 8.428. VII. 8.1 8.2 8.4 8.4 8.3521.VIII. 8.2 8.2 8.3 8.35 8.227.IX. 8.0 8.0 8.0 8.0 8.116.X. — 8.1 8.1 8.2 8.224. XI. 8.1 — — 8.1 8.18. XII. 8.05 8.05 8.2 8.2 8.15192326.I. 8.1 8.1 — — 8.1512.II. — — 8.1 — 8.15Tile figures for the lake are usually higher than those for the river at the same period. Stn. K tends to agree more closely with the river than do Sins. A, G and .J, which are, of course, further away from its influence.On a number of occasions the pH of water from the lower levels of the lake has been determined. No difference was observed between surface and bottom samples al depths of 8, 10 or 20 metres.It thus appears that the annual variation of the pH of the II. Shannon and L. Derg is small and that its significance will only be apparent when similar observations have been made in other bodies of water. for instance, in Lough Atorick, a small mountain lake lying in an area of bog and Old Red Sandstone, about 19 miles from Portumna, it was found that the pH value was lower, ranging from 6.8 to 7.4. The marked differences observed between the fish and the plankton of L. Derg and L. Atorick are to be correlated with the difference in the pH values.In Lake Mendota, Wisconsin, the pH of the surface water ranges from 8.4 to 8.8 in the summer, from 8.1 to 8.6 in the autumn, winter and spring (Juday, Fred and Wilson, 1924). The pH of the bottom water ranged from 8.5 during the spring and autumn to 7.3 during the summer and winter, this wide range being correlated with the development of the thermocline. The pH of L. Mendota is thus somewhat higher than it is in L. Derg, and the seasonal range is greater.A knowledge of the Hydrogen Ion Concentration of fresh water affords important information as to its source and character. It appears highly probable that a close correlation exists between the pH of a body of water and the particular organisms



1. '26.which find in it an appropriate habitat. Lehmann (1924, 1925) discusses the effect of alkalinity and gives a useful summary of what is known of the relation of a number of freshwater animals and plants to the calcium content of the water. But on the whole the data available for comparison are scanty and further consideration of this relation must be postponed until the necessary body of evidence is forthcoming.
5 H. Dissolved Oxygen.The method adopted for the determination of the dissolved oxygen was that of Winkler, as described in detail by Jacobsen (1921). The percentage of saturation was calculated from the table given by Jacobsen (tom. cit. p. 5). Intervening tenths of degrees have been interpolated. The percentage values derived from this table are 2 to 3% higher than those calculated from the table given by Fox (1907, p. 20). The observations only extend from October, 1922, to March, 1923, so there is no information available as to conditions during the summer months.The results obtained for the R. Shannon are given in Table 13 and for L. Derg in Table 14.Table 13.—Dissolved Oxygen in the R. Shannon at Hayes Island.Depth in metresDate at which sample was taken Temp. Oxygen Per centc.c. per litre of saturation192213.X. o  11.65 6.63 88.2 20.X. 0 10. 6.7 86.27.X. 0 8.2 7.08 87.13. XL 0 5.8 7.68 89.110.X1. 0 6.95 7.35 87.717. XL 0 8.5. 6.16 76.324. X1. 0 7.7 6.76 82.1l.XTT. 0 7.1 6.41 76.85 7.1 7.5 90.8.XII. 0 6.95 . 7.7 91.915.XTI. 0 7.8 7.16 87.217. XI I. ‘ . 0 .6.2 6.8 79.622. XU. 0 3.95 7.63 84.45 4.4 7.67 85.929.XIT. 0 3.4 7.88 85.919235.1. 0 5. 7.56 85.912.1. 0 2.55 7.68 82.119.T. 0 5.35 7. 80.35 5.36 7.54 86.526.T. 0 6.2 8.17 95.72.11. 0 9.1 7.4  93.9.IT. 0 5.4 7.8 89.523.TT. 0 4.75 7.75 87.62. TIT. 0 6.1 7.71 90.19. TH. 0 6.75 8.58 101.916.IIT. 0 6.6 7.72 91.623. TIT, 0 6.7 7.88 93.4



Table 14.—Dissolved Oxygen in Lough Derg.Depth in metres Oxygen Per centDate Station at which Temp. c.c per ofsample was taken litre saturation16.X. 22 A 0 11.7 6.57 87.513.XI. 22 A 0 7.1 6.9 82.624.XI. 22 A 0 8.1 7.06 86.66. XI I. 22 B 0 7.05 7.6 90.9E 0 7. 6.4 76.5M 0 7.15 6. 71.9N(approx. )0 7.3 7.7 92.78. XII. 22 A 0 7.1 7.7 92.29.5 7.05 7.48 89.5J 0 7.2 7.6 91.2z 0 7.2 7.28 87.44. I. 23 A 0 4.8 7.17 81.110 3.95 7.89 87.3J 0 4.45 7.63 85.618. I. 23 A 0 5.3 7.93 90.810 5.3 8. 91.62G. I. 23 J 0 6.05 8.16 95.212. II. 23 A 0 5.85 7.73 89.7J 0 6.2 7.95 93.123. III .23 A 0 7.65 8.17 99.2So far as these figures go, they inchoate a slight increase n the ammount of oxygen during the early spring, which may be due to the phytosynthetic activity of the rapidly increasing phytoplankton. There appears to be no consistent difference between the oxygen content of the surface and the bottom water  from late autumn to eatly spring. The brown flood of December16 was marked by only a slight reduction of the oxygen content.
6. GENERAL CHARACTERISTICS OF THE PLANKTON OF 

LOUGH DERG AND THE RIVER SHANNON.

6 A. Introduction.The most cursory examination of the plankton shows that it varies widely in quantity and quality at different periods of the year. Each species composing it has its seasons of abundance and scarcity. Some species are present throughout the year in varying numbers and are called “perennial planktonts.” Others are present only during a portion of the year, and are known as “ periodic planktonts.” There are two periods of the year, one in spring, the other in autumn, when so many species have their maximum of abundance as to affect obviously the total quantity of plankton. These periods constitute the ‘ spring maximum ’ and the 1 autumn maximum ’ so characteristic of many European and North American lakes and rivers, In Table 



1. ’26.15 is shown I,he volume of the catch based on the mean of surface and bottom Standard Mauls of the M.S.N. at Stations L, A, G and .1 during 1921. These figures are plotted in Plate VII for Stns. A and J, where the conditions differ widely, but the result is very similar for both Stations. There is a marked maximum in May and June and a less marked maximum in October and November. It must be remembered that Table 15 and Plate VII only show the volume of the net-caught plankton, including both the phyto- and the zoo-plankton. The curve showing the number of individuals composing the phytoplankton, as estimated by means of the centrifuge (Plate VIII.) should be compared with Plate VII. The great majority of the individuals composing the centrifuge catch are so small that they pass through the meshes of the M.S.N.Table 15.—Volume of the Gatch in c.cs., being the Mean of the Catch of Standard Hauls at Surface and Bottom of the F.S.N. during 1921, at Sins. L, A, G and J.Dale Stn. L Stn. A Stn. G Stn. J4. 1. — 3.2 — —11. 1. — 1.25 — —19. 1. — 2.2 — 2.927. I. — .2 2.5 2.49. 11. — 1.7 — 2.4516. 11. — 1.85 — 3.23. 11. — 1.65 2.1 3.17. III. — — — 4.614. 111. — 2.8 1.15 6.931. III. 4.1 4.3 5.6 8.1522. IV. 10.5 13.35 9.45 —5. V. 6.4 15.2 9.7 35.1. VI. 7.3 67. 57.2 66.15. VI. 14.4 30. 49.5 71.28. VI. 23.9 9.05 6.9 11.111. VII. 29.1 — — 16.218. VII. — 7.5 4.5 —1. VIII 3. — — —8. VIII 1.9 2.35 2.65 3.322. VIII 3. 3.45 3.25 3.755. IX. 1. 3.7 3. 4.819. IX. 3.7 4.15 — 3.854. X. 2.4 6.35 3.05 21.2521. X. 1.5 13.3 10.5 19.459. XI. 2.3 — — 36.14. XI. — 11.75 7.6 —19. XI. — 2.5 — —28. XI. 5.1 1.55 3.1 4.113. XII. — 4.55 1.65 3.3529. XII. — — — 4.25Total 119.6 214.9 186.7 336.9Average 7.5 8.6 10.4 14.65Average from 31.III. 7.5 11.77 11.84 19.47
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6 B. The Phytoplankton.The phytoplankton of the river and the lake was investigated both by townet hauls and by the centrifuge. The similarity, both as regards specific composition and number of individuals, between the phytoplankton of the river and that of the lake is very much greater than that between the zooplankton of the river and the lake. During 1922, the phytoplankton of the river was estimated every week by means of the centrifuge, and tin; results obtained may be regarded as approximately representing the condition of things in the lake also.In the case of filamentous and colonial species, such as 
Melosira spp., Aslerionella gracillhna, Syncdra renal iensis, 
Oscillatoria spp., Gomphosphaeria spp., etc., each filament or colony was counted as a single unit, but in the case of such forms as Dialoma elongatum and Tabellaria, which frequently occur as single cells, each cell was counted as a unit. The various species of Fragilaria are particularly difficult to deal with quantitatively, as they often occur abundantly both as chains and as single cells. It would be a great labour to count the individual cells composing each chain, so the number of chains and the number of single cells were counted separately. For the purpose of the present brief review, chains and single cells are given the same value and counted as units.In Plate VIII, the seasonal distribution of the phytoplankton of the R. Shannon in 1922 is shown, together with that of the large groups of organisms composing it, the graph representing the number of individuals per cubic metre of water. As regards the amount of phytoplankton obtained in townet hauls, there are two well-defined periods of maximum abundance, one in the spring, the other in the autumn. But when the number of individual organisms is counted, by means of the centrifuge, the seasonal distribution is shown to be quite different. Tire spring and autumn maxima of the townet hauls are composed" chiefly of large filamentous forms like Melosira, Fragilaria. Oscillatoria, etc., which aie letained by the townet. In the summer these groups are not so abundant, and are replaced bv smaller individuals belonging to the genera Rhizosolenia, At- theya, Synedia, Ankistiode.smus, etc., the majority of which pass through the townet. It would appear, therefore, that the relative size of the spring and autumn maxima has been exaggerated by those investigators who have relied on results yielded by the townet. This opinion is supported by the examination of the results obtained by Birge and Juday (1922) who have determined the weight and chemical composition of the net plankton and the centrifuge plankton of Lake Mendota and other adjacent lakes. Nevertheless, as regards the total production of plant life, it appears that there are two periods, one in the spring, the other in the autumn, of maximum production, but analysis of the species and individuals shows that there is a series of pulses culminating in a number of maxima of varying size, which, in the R. Shannon and L. Derg in 1922, occurred al 



1. ’26. 39intervals of two months, in March, May, July, September ami November.In January (vide Plate VIII), the numbers per cubic metre were at a minimum of about 8,000,000, and they rose slowly until the middle of February, when there was a sudden and large increase, culminating in the middle of March in an early spring maximum of 270,000,000. This maximum was almost entirely composed of Diatoms, and the chief species in order of abundance are Diatoma elongalum, fragilaria capucina, 
Slephanodiscus aslraea, Melosira crenulata, Syncdra ulna, 
Aslerionella gracillima, Syncdra acus and fragilaria crolonensis. etc., together with green Flagellates. Diatoms compose 92% of the total.Numbers fell rapidly to a minimum of 86,000,000 on April 7. 
Melosira crenulata still remained abundant, and the decrease- was due to the general decline of the other species. It is possible that this decline was to some extent due to a flood in the river in the middle of March.Numbers then rose rapidly and culminated in the second spring maximum of 275,000,000 on May 12. The chief species composing it were Dialoma elongalum, Syncdra sp., Ankistro
desmus falcalus, Aslerionella gracillima, Melosira crenulata. 
Cyclotella sp., Dinobryon divergens. Tabellaria fenestrala and 
Oscillatoria Aghardii. This maximum is still largely composed of Diatoms which comprise 74% of the total, though to a Jess extent than in March.In June the number of Diatoms was much smaller, but the Ghlorophyceae, represented chiefly by the minute Ankistro
desmus falcalus, and the Flagellata, represented by Mallomonas 
spp., Dinobryon and green Flagellata, together with certain Ciliata, increased. The third, or summer maximum of 251,000,000, occurred at the end of July, and was composed chiefly of Syncdra sp., Ankistrodesmus falcalus, Rhizosolenia 
longiscla and Mougeolia sp., the latter being the only abundant filamentous form. The species so abundant in the spring, such as Diatoma, Melosira, Asterionella, etc., are now greatly reduced in numbers, and the Diatoms comprise only 58% of the total.In August there is a rapid decrease in numbers of Diatoms and Ghlorophyceae and an increase of Oscillatoria, culminating on September 8 in an early autumn maximum of 146,000,000, composed chiefly of Oscillatoria Aghardii, with much smaller numbers of green Flagellates, Cyclotella sp., Ankistrodesmus and Synedra. Diatoms comprise only 20% of the total.Immediately after this maximum there was a yellow flood in the river, and numbers fell to a minimum of 36,000,000 on September 22. The subsequent late autumn maximum was smaller but more prolonged than the preceding ones and culminated on November 3 in a total of 114,000,000. The dominant species was still Oscillatoria Aghardii, with smaller numbers of green Flagellates and Ankistrodesmus. Diatoms comprised 28% of the total. Numbers then gradually declined to the winter 



I. ’26. -10minimum. Tim percentage composition of the phytoplankton, as regards the principal groups of organisms, during these five periods of maximum abundance is shown in Table 16, the numbers given representing millions of individuals.Table 16.—Numbers and Percentage Composition of the Main Groups composing the Centrifuge Plankton of the River Shannon during the Periods of Maximum Abundance in 1922. The Numbers represent Millions of Individuals.
Group

Marcl
No.

i 10
%

May 
No.

12
%

July 
No.

28
%

Sept. 8
No. %

Nov. 3
No. %

Myxophyceae 3. 1.1 10. 3.6   3.8 1.5 93.2 63.7 52.8 46.1
Diatomaceae 247.4 91.5 203.4 73.9 146.4 58.3 28.6 19.5 32.2 28.3
Chlorophyceae 6.4 2.4 44.4 16.1 87.2 34.7 14. 9.6 15. 13.3
Flagellata 
Ciliata 

13.4 5. 17.4 6.3 13.6 5.4 10.6 7.2 13.8 12.1

Total 270.2 275.2 251. 146.4 113.8The general characteristics of the phytoplankton of L. Derg and the R. Shannon are: —1. The relative scarcity of the Desmidiaceae as a group. Only two species are regularly present, in small numbers (CZ05- 
lerium pronum and C. subpronum), and a very few other species are occasionally found.2. The dominance of the Diatomaceae in the spring and, to a lesser degree, in the summer.3. The dominance of Oscillatoria in the autumn.

4. The dominance of filamentous and colonial forms over 
those consisting of a single cell.5. As compared with some other lakes, the phytoplankton is characterised by the large number of species occurring at the same time in great abundance. The phytoplankton is seldom composed almost entirely of a single species, as is frequently observed in other lakes.

6 C. The Rotifera,

The following species of Rotifera occur commonly in tin plankton of the R. Shannon and L. Derg: — 
Conochilus volvox, Ehrbg. Euchlanais dilatala, Ehrbg.
C. unicornis, Rouss. Cathypna luna (O. F. Muller).
Asplanchna priodonta, Gosse.  Monostyla lunaris, Ehrbg. 
Synchaeta tremula, Ehrbg. Anuraca acidcat a, Ehrbg.
5. pectinata, Ehrbg. J- cochlearis, Gosse.
Triartlira longiseta. Ehrbg. var.  Notholca acuminata, Ehrbg.

limnetica, Zach. Az. longispina, Kellie.
Poly artlira platyptera, Ehrbg. Plot soma trune alum, Lev.
Diurella porcellus (Gosse). Gastropus stylifer, Inih.
D. Rousselcti (Voigt). Anapus oralis, Rergendal.
Raitulus capuchins (Wierz & .4. festudo, La uteri ).

Zach.).



f. :26. 11Of these, the most abundant and regular constituents of the plankton are Synchaela trennila, .S', pectinata, Triurlhra 
longiseta, var. liinnelica, Poly ar thru platyptera, Anuraea 
aculcata, A. cochlear is and Notholca longispina.The only Crustacean of the plankton which feeds on Rotifers is Leptodora Kindlii, in the intestine of which the jaws of Rotifers may occasionally be observed. On the other hand, the Rotifera feed freely on the phytoplankton, and are even able to swallow relatively enormous Diatoms such as Gyrosignia attenua- 
turn,, Surirella biseriala and Synedra ulna which are seldom eaten by the Entomostraca. As they are comparatively numerous, they occupy an important position among the plankton-feeding organisms.Naumann (1923) concludes similarly that the Rotifera utilise the phytoplankton as food to a considerable extent.The following list shows the total number of Rotifers per cubic metre of the water of the R. Shannon at Hayes Island at weekly intervals for the year extending from March, 1922, to March, 1923.
Table 17.—Number of Rotifera per cubic metre of water, R. Shannon.

Date Total Rotifera Date 1'otal Rotifer;16. 111. 22 142,400 22. IX. 22 12,60024. HI. 22 214,800 29. IX. 22 16,80031. HI. 22 111,000 6. X. 22 20,0007. IV. 22 105,300 13. X. 22 50,40011. IV. 22 64,000 20. X. 22 38,40021. IV. 22 50,400 27. X. 22 51,80028. IV. 22 70,000 3. XI. 22 57,6005. V. 22 49,000 10. XI. 22 43,50012. V. 22 55,000 17. XI. 22 38,40019. V. 22 49,000 24. XI. 22 60,00026. V. 22 36,000 1. XII. 22 55,2002. VI. 22 32,940 8. XII. 22 43,2009. VI. 22 23,000 15. XII. 22 51,00017. VI. 22 108,000 22. XII. 22 31,20023. VI. 22 123,000 29. XII 22 23,80030. VI. 22 132,000 5. I 23 20,4007. VII. 22 322.000 12. I 23 27,60014. VII. 22 103,200 19. I 23 25,20021. VII. 22 148,000 26 I 23 20,40028. VII. 22 145,200 2 II 23 16,0004. VIII. 22 92,400 9. II. 23 9,60011. VIII. 22 57,600 16. II. 23 15,40018. VIII. 22 76,800 23. II. 23 4,80025. VIII. 22 49,600 2. III. 23 21'0001. IX- 22 52,800 9. III 23 14.0008. IX. 22 26,600 16. III 23 21.00015. IX. 22 20,400 23. III. 23  4 .800
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6 D. The Crustacea,In relation to the economics of the lake fisheries, the Crustacea constitute the most important group of the plankton, insomuch as they are the principal source of food of fish fry and of some adult fishes. The pollan, for instance, feeds throughout its life almost entirely on the plankton Crustacea. This fish is very abundant in certain parts of the lake, but has never been taken in large numbers in the northern area, and has rarely been taken there during the winter months when the plankton is al its minimum. On several occasions when pollan have been captured so far north as Slevoir Bay, their presence has coincided with a local abundance of Bosmina, on which they were feeding.In Table 18 are included all the species of Crustacea which have been taken in the townet in the R. Shannon and L. Derg. Many of them normally live, in close relation to the bottom near the shore and only enter the plankton adventitiously. Many also are so rare as to be of little importance as fish food.Table 18.—List of Crustacea taken in Lough Derg and the River Shannon. Cladoceka.The Nomenclature is that adopted by Keilhack (1909).

Sida cryslallina (O. 1'. Muller). 
Diaphauosoma brachyurum (Lievin). 
Latona setijera (O. F. Muller). 
Daphnia pulcx (De Geer). 
Daphnia longispina, O. F. Muller. 
Scapholcberis mucronata (O. F.Muller).
Sinioccphalus vetulus (O. F. Muller).
Sinioccphalus cxspinosus (Koch). 
Ccriodaphnia pulchella, G. O. Sars.
Ccriodaphnia aflinis, Lilljeborg. 
Bosmina longirostris (O. F.Muller).
Bosmina coregoni, Baird. 
lliocryptus acutijrons, G. O.Sars.
Lathonura rectirosiris (O FMuller).
Euryccrcus lamellatus (O FMuller).
Camptocercus rectirosiris, Schoed- ler.
Acroperus harpac, Baird.
Alonopsis cl on gat a, G. O. Sars. 
Alona jiiadrangularis (O. F.Muller).

Alona ijuadrangulaiis var. a flints (Leydig).
Alona costala, G. O. Sars.
Alona guttata, G. O. Sars.
Alona lenuicaudis, G. O. Sars.
Alona rcctangula, G. (J. Sars.

Rhynehotalona rostrata (Koch).
Lcydigia Lcydigii (Schoedlcr). 
Craptolcberis testudinaria (Fischer).
Alonclla excisa (Fischer).
Al on ell a exigua (Lilljeborg).
Alonclla nana (Baird).
Peracantha truncata (O. 1*  •Muller).
Pleuroxus laevis, G. O. Sars.
Pleuroxus uncinatus, Baird.
Pleuroxus ad uncus (Jurine).
Chydorus globosus, Baird.
Chydorus sphacricus (O. !’•Muller).
ill onospilus dispar, G. O. Sars. 
Anchistropus emarginatus, G. O. Sars.
Polyphemus pedicuius (Linne).
Bythotrephes longimanus, F. T.ey- dig.
Le pt odor a Kindiii (Fockc).
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COPEPO DA.The Nomenclature lor the ( entropagidac and Cyclopidae is that adopted by G. O. Sars (1903, 1918) ; for the Harpacticidae, C. van Douwe (1909).
Diaptomus gracilis, G. O. Sars. 
Eurytemora vclox (Lilljeborg). 
Cyclops strenuus, Fischer.
Cyclops vulgaris, Koch.
Cyclops lucidulus, Koch.
Cyclops pulchcllus, Koch.
Cyclops bisclosus, Rehberg.
Cyclops crassicaudis, G. 0. Sars. 
Cyclops varicans, G. O. Sars. 
Mcsocyclops obsolctus (Koch).
M csocyclops oit/iouoides, G. O. Sars.
Pachycyclops siguatus (Koch). 
Pachycyclops aniiulicornis (Koch). 
Leptocyelops agilis (Koch).

Leptocyclops macrurus, G. O. Sars.
Platycyclops phaleraius (Koch).
Plat yeyelo ps afjinis, G. O. Sars. 
Plat ye yclops jimbriatus (Fischer). 
Canthocam ptus st a phylums(J urine).
C'ant hocam ptus microslaph yliuus, Wolf.
Canthocam ptus trispiuosus, Brady. 
Caulhocamptus crosses, Sars. 
Canthocamplus gracilis, Sars. 
Canthocamptus pygmacus, Sars. 
Xilocra hibcrnica (Brady)./I rgutus joliac cus, L.

OSTKACODA.

Paracandona cupleclclla (Br. & Norin).
Cypria ophthalmica (Jurine). Cyclocypris lacvis (O. F. Mull.- Vavra).

//erpetocypris replans (Baird).
Cypridopsis vidua (O. F. Muller)

SciHZOPODA..1/ysis relicta, Loven.Amphipoda.
Gammarus pulcx (L.).

ISOPODA.

Asellus aquaticus (L.).Undoubtedly the most important species of the plankton Crustacea is the Cladoceran Daphnia longispina. It is not only present, for a large part of the year, in greater numbers than any other species, but also attains a relatively large size, only surpassed in this respect by Leptodora Kindtii and Bythotrephes 
longimanus. D. longispina persists the whole year round and has well-marked maxima in spring and autumn.At certain periods of the year Bosmina coregoni, Leptodora 
Kindtii, or Diaptomus gracilis may be the dominant form in the plankton. Cither important constituent species are Bosmina 
longirostris, Bythotrephes longimanus, Euryfemora velox and 
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Cyclops slrenuus. Ceriodaphnia pule hell a, Chydorus sphaericus and Leptocyclops agilis are frequently present, but never in large numbers.Certain species, such as Diaphanosoma brack yur uni, Cerio
daphnia pulchella and Cyclops spp. which are dominant in some other lakes in the British Islands and on the continent, though present in L. Derg, are never important constituents of the plankton. Plate IX shows the total catch of all the species of Grustacf.i at Stn. A in 1921 and 1922. The figures are based on the average, of surface and bottom hauls. In both years the spring maximum occurred in May, but in 1921 it was due chiefly to Hosniina 
corcgoni, and in 1922 to Daphnia longispina'.—Total Daphnia longispina Hosniina corcgoni 1921. 155,700 37,100 115,8001922 255,200 241,400 5,000In both years there was a smaller summer maximum in July, composed chiefly of Daphnia longispina.In 1921 there was a large autumn maximum in October and November, composed chiefly of D. longispina. This maximum was interrupted by a brown flood on November 17, but in the middle of December, D. longispina was again abundant. In 1922 this autumn maximum did not develop, possibly because of a brown flood which occurred on September 21. A late and small maximum commenced at the end of November, due to 
D. longispina. It continued through December and January, 1923, but in January the most abundant species was Diaplornus 
gracilis.Thus the two years show many interesting points of resemblance and divergence. The maxima in 1922 were all later in the season than the corresponding ones in 1921, probably because the latter year was much warmer.A comparison of the graph of the Total Crustacea for 1921 (Plate-IX) with that of the F.S.N. catch for 1921 (Plate VII), both at Stn. A, shows: —1. That the maximum of the Crustacea on May Gth, and their subsequent rapid decline was followed by a large maximum of the F.S.N. catch on June 1. Quantitative determinations of the phytoplankton of that period are not yet available. The Crustacean maximum of May 6 was chiefly due to Bosmina corcgoni, and the succeeding minimum to the disappearance of that species. The prevalent opinion is that the Cladocera do not feed directly on the phytoplankton to any great extent, and so the sudden increase of the Algae cannot be ascribed to the equally sudden disappearance of Bosmina. The disappearance of Bosmina was probably due to the rapid increase in the temperature of the water, and possibly the same factor influenced the amount of the phytoplankton.



1. 26. 152. The small summer maximum of Crustacea in July is not reflected in the F.S.N. catch.3. The enormous autumn maximum of Crustacea in October and November synchronised with only a small rise in the F.S.N. catch.It is apparent from these facts (1) that the F.S.N. catch represents chiefly the phytoplankton and (2) that a maximum of Crustacea is not necessarily preceded by a maximum of the townet phytoplankton.A comparison of the graph of the Total Crustacea for 1922 (Plate IX) at Stn. A, with that of the phytoplankton of the R. Shannon (Plate VIII) shows that the former agrees fairly closely, with the Diatom curve. Both groups show a very large spring maximum, a smaller summer maximum at the end of July, and c. still smaller autumn maximum.Tables 19 and 20 show the numbers of the most important species of the Crustacean plankton in 1921 and 1922, taken at Stn. A. The numbers represent the mean of the surface and bottom hauls. These tables show clearly the dominance of 
Daphnia lonffispi na.



I. ’26. •16Table 19.—Crustacea of the Plankton at Station A during 1921.P = present in small numbers.Date All Daphnia Bosmina Bosmina LeptodorSpecies longispina coregon i longirostris Kindtii4. I. 1,010 40 161 9 014. I. 4,590 30 225 15 019. I.: 1,910 150 1,102   18           027. I. 952 140 101 17 0  9. II 2,814 499 649 15 017. II. 2,174 264 1,203 85 023. IT. 729 85 306 26 014. HI. 8,860 1,6)20 7,093 7 031. 111. 21,940 1,920 19,630 370 p22. IV. 15,470 6,020 8,717. 1.53 06. V. 155,700   37,100 115,800 0 p1. VI. 20,640 18,800 60 0 .12015. VI. 32,744 23,144 0 0 2,65628. VI. 50,400 30,900 100 0 4,70018. VII. 76,276 70,310 0 0  1,300 .10. VIII. 6,000 1,965 75 285     1,14022. VIII. 14,660 4,300 100 1,280 5,4005. IX. 15,900 8,100 300 100 4,20019. IX.I X 45,257 14,409 3,133 10,434 63480,640 52,960 7,520 13,600 52024. X. 234,800 191,520 36,240 320 48014. XI. 201,950 173,950 23,450 600 95019. XI. 7,681 3,862 92 370 P28 XT. 2,769 532 55 79 013.’ XTT. 84,820 82,260 680 20 0Table 20.—Crustacea of the Plankton at Station A in 1922. P —present in small numbers.Date AllS pecies Daphnia longispina Bosmina coregoni Bosminalongirostris Leptodor a Kindtii5. I. 1,112 498 36 22 019. 1. 891 63 21 69 08. II. 1,187 111 67 266 01. III. 672 132 50 146 016. III. 6,140 1,420 470 1,360 029. III. 8,672 3,804 320 1,564 018. TV. 22,760 15,600 680 3,480 08. V. 57,960 49,780 3,840 2,900 2025. V. 255,200 241,400 5,000 2,200 3,2008. VI. 111,300 110,600 P 0 30028. VI. 15,848 13,396 0 P 2,04414. VII. 20,320 14,480 0 0 5,58027. VII. 60,480 54,416 0 0 5,07221. VIII. 20,000 18,760 0 0 10011. IX. 19,800 15,360 20 0 86028. IX. 18,320 11,040 2,080 P 22016. X. 3,560 2,190 340 0 P13. XI. 4,370 1,780 2,190 60 024. XI. 34,660 18,100 15,440 P 08. XTT 32,420 16,540 14,720 320 0



L ’26. 47Mean of Surface and Bottom Standard Hauls.
Bythotrephes Other Diaptomus Eurytemora Cyclops Other

longimanus ('ladocera gracilis velox strenuus Copepoda
0 0 660 20 115 0
0 20 4,260 0 40 00 0 420 0 220 0
0 24 615 0 36 19
0 9 1,605 0 31 6
0 10 406 8. 190 . 8
0 8 243 Q 49 12
p 80 60 0 P 0
p 0 20 P P 0
0 20 400 P 130 30

p 200 1,100 1,200 200 100
700 20 780 60 100 0
512 SO 6,200 152 P 0
700 0 13,800 0 200 083 0 4,500 P 83 0

0 75 1,005 690 60 7050 0 750 2,200 70 560 0 100 100 2,500 500 00 0 600 15,814 100 133
0 720 760 3,520 680 360
0 0 1,680 3,200 0 1,3600 150 P 150 1,900 8000 62 2,950 P 240 1050 64 1,805 16 172 460 40 1,720 60 P 40Mean of Surface and Bottom Standard Hauls.

Bythotrephes 
longinianus

Other
Cladocer;

  Diaptomus
  gracilis

Eurytcinora 
velox

Cyclops
strenuus

Other
(’opepoda

0 75 292 3 136 50
0 12 528 0 195 3
0 81 410 0 246 6
0 52 238 0 40 14
0 140 1,960 20 530 240
0 792 768 16 984 424
0 810 1,200 80 480 400
0 80 360 760 200 20

200 400 800 0 2,000 o
300 0 P 0 100 0
164 0 224 P 20 o
80 0 .140 0 40 o

624 48 .192 P 128 0
160 100 720 60 40 60
280 640 2,400 80 60 100
240 4,520 140 0 40 40

P 560 380 10 40 400 170 70 20 40 400 40 940 20 80 40
0 100 380 0 240 120
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6 E. The Facies of the Plankton as a Whole.In order to show the facies of the plankton as a whole, the determination of the Crustacea, Rotifera and centrifuge plankton at Stn. A in January, April, July and November, 1922, is set out in detail in Table 21. The figures represent the number of individuals per cubic metre (1,000 litres) of water. The numbers of the various species of Crustacea are deduced from the mean of the catch of surface and bottom Standard Horizontal Hauls of the M.S.N. This net was never accurately standardised, but in a Standard Haul it filters approximately 15,000 litres. To obtain the number per cubic metre, therefore, the mean of the surface and bottom catches was divided by 15. A species is said to be “ present ” (P) when it was not noted in the actual count but was taken in some other net at that Station, or in the case of the phytoplankton, when the factor is very large, if only a single specimen was noted in the count. The figures for the Rotifera and for certain species of the Myxophyceae which are not accurately represented by the centrifuge counts (Gomphox- 

phaeria naegeliana, Oscillatoria. sp., Aphanizomenon flos-aqva.e, 
Anabaena flos-aquae, Anabaena. circinalis) are based on the catch of the Diatom Net hauled vertically (this net had been repeatedly standardised against the pump). The remaining species of the phytoplankton and the Protozoa were determined by centrifuge counts.Table 21.—Plankton in Lough Derg (Stn. A) during January April, July and November, 1922.Numbers per cubic metre.Species

Crustacea

Jan. 5 April 18 July 27 Nov. 24Sida crystal lina 0 5 P PDaphnia longispina 33 1,040 3,628 1.207Simocephalus vetulus 1 5 0 0Ceriodaphnia pulchella 0 3 0 1Bosmina longirostris 1 232 0 PBosmina coregoni 2 45 0 1.029Lathonura rectirostr is 1 0 0 0Eurycercus lamellatus 1 3 0 1Acroperus harpae 1 P 0 0Alona affinis P 0 0 0Alona quadrangularis 0 P 0 0
Leydigia Leydigii 0 0 0 PChydorus sphaericus 3 40 0 0Polyphemus pediculus 0 0 3 0Bythotrephes longimanus 0 0 42 0Leptodora Kindtii 0 0 338 0Diaptomus gracilis 19 80 13 63Eurytemora velox 1 5 P 1Cyclops a Ibid us 1 0 0 0Cyclops strenuus 9 32 9 5Cyclops lucidulus 1 0 0 0



I. ’26. 49Species Jan. 5 April 18 July 27 Nov. 24Leptocyclops agilis 1 0 0 0Cyclops sp. juv. 2 27 0 3Nauplii 1,000 700 4,200 1.600
RotiferaConochilus sp. 0 P 2,800 0Asplanchna priodonta 0 P 0 0Synchaeta treinulaSynchaeta pectinata 0 14,000 0 2,400Triarthra longiseta.

var. limnetica 952 4,900 0 2,400Polyartlira platyptera 952 2,100 11.200 7,200Diurella porcellus 0 0 700 800Diurella Rousseleti 0 0 1,400 0Rattulus sp. 0 0 700 0Anuraea aculeata 2,381 700 700 20,000Anuraea cochlearis 4.286 9,800 91,000 10,400Xotholca foliacea 0 P 0 0Notholca longispina 0 2,100 20,300 800Ploesoma truncatum 0 0 4,900 0Gastropus stylifer 0 0 3,500 0Anapus testudo 0 0 4,200 0Rotifera indet. 0 14,000 51,800 9,600
MyxophyceaeChroococcus limneticus 0 0 180,000 0M icrocystis aeruginosa 0 0 30.000 0(lomphosphaeria lacustris 560.000 0 1,400,000 4,000,000Gomphosphaeria Naegeliana 200,000 P 210,000 160,000Coelosphaerium sp. 0 0 400,000 0Merismopedia glauca 0 0 200,000 0Oscillatoria Aghardii 480,000 1,400,000 2.310,000 22,000,000Oscillatoria splendida 120,000 1.400,000 200,000 3,000.000Oscillatoria sp. 30,000 263,000 30,000 0Anabaena circinalis 180,000 10,000 30,000 0Anabaena flos-aquae 50,000 37,000 4,260,000 160,000Aphanizomenon flos-aquae 2,743,000 1,000,000 2,580.000 4,080,000
BacillariaceaeMelosira varians 80,000 0 P 1,000Melosira crenulata 1,240,000 27.600.000 1,600,000 7,000,000Melosira arenaria P 0 0 8,000Melosira sp. 0 0 120,000 400,000Cyclotella sp. 240,000 2,000.000 18,600,000 800,000Stephanodiscus astraea 960,000 200,000 1,200,000 1,800,000Rhizosolenia longiseta 40,000 600,000 12,800,000 1,000,000Attheya Zachariasi 0 0 1,000,000 0Tabellaria flocculosa 40,000 1.800,000 0 0Tabellaria fenestrata 40,000 1,800,000 3,200,000 3,200,000Meridion circulare 0 800,000 0 0Diatoma elong'atum 200,000 22,600.000 200,000 680,000F ragilaria crotonensis 40,000 600.000 1.000.000 40,000
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Species Jan. 5 April 18 July 27 Nov. 24

Fragilaria sp. 0 9,400,000 P 200,000Synedra ulna 160,000 1,400,000 30,000 400,000Synedra acus 200.000 2,600,000 2,400,000  100,000Synedra revaliensis P P 1,650,000 40,000Synedra sp. 440,000 13.000,000 19,800,000 1,000,000Asterionella gracillima 1,640,000 400,000 4,400,000 1.200,000Eunotia lunar is 0 P 0 0Achnanthes sp. 0 1.600,000 400,000 0Cocconeis pediculus 0 0 P p
Navicula sp. 0 400,000 200,000 0Gyrosigma attenuatum 3,500 7,000 300,000 7,200Gomphonema sp. 0 1.400,000 800.000 800.000Cymbella ventricosa 0 1,400,000 0 0Amphora ovalis 0 400,000 0 0
Nitzschia vermicularis P 200,000 0 0Cymatopleura solea 0 P P 0Cymatopleura elliptica 1,000 4,200 50,000 7,200Surirella biseriata 0 0 20.000 1,600Surirella robusta 0 0 p 0
Campylodiscus hibernirus 1,000 0 1,000

 
5,600Other diatoms indet. 920,000 0 1.400,000 1,000.000

(,'HI.OROPHYCEAE

Mougeotia sp.
Closterium acerosum 
Closterium rostratum 
Closterium pronum 
Closterium subpronum 
Staurastrum paradoxum 
Eudorina elegans 
Pandorina morum 
Pediastrum boryanum 
Pediastrum duplex 
Pediastrum tetras 
(.'rucigenia rectangularis 
Scenedesmus quadricauda 
Scenedesmus serratus 
An kistrodesmus fa lea t us 
A. falcatus, var. acicularis 
A. falcatus, var. duplex 
Ankistrodesmus lacustris 
Kirchneriella obesa 
Oocystis sp.
Chodatella longiseta 
Dictyosphaerium pulchellum 
Botryococcus Braunii 
Sphaerocystis Schroeteri 
Other ('hlorophyceae indet.

FlagellataDinobryon stipitatum 
Dinobryon divergens Ma 1 lohionas acaroides
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7. SEASONAL DISTRIBUTION OF INDIVIDUAL SPECIES 
OF CRUSTACEA.

Species Jan. 5 April 18 July 27 Nov. 24Mallomonas tonsurata 0 0 P 0Gymnodinium fuscum 200,000 0  100,000 1,000,000Glenodinium pulvisculus 0 0 P PCeratium hirundinella 1 P 120,000 0Other Flagellata indet. 1,280,000  200.000 35,600,000 37,200,000
InfusoriaVorticella conval la ria 100,000 0  150,000 POther Infusoria indet.  180,000 100,000 11,000,000 4,400,000Heliozoa. sp. indet. 0 0 00,000 0

7 A. Introduction.In tlie following pages the seasonal distribution of each of the more important species comprising the Crustacea of the plankton is considered in some detail. The tables which accompany each species give the numbers of individuals taken in the R. Shannon at Stn. L and in L. Derg at Stns. K, G, A and J. The numbers represent the mean catch of surface and bottom Standard Horizontal Hauls of the M.S.N. over 100 yards in 4 minutes, except where otherwise stated. Stns. A and G indicate. the conditions in the more open region of the lake. Stn. K is included in order to show the effect of the in-flowing R. Shannon, whilst the records from Stn. J. which is far removed from the river current, are of interest because they indicate frequently the effects of concentration of the plankton by surface drift caused by the wind; and moreover the plankton at Stn. J is less affected by floods in the river than that of the other Stations. Results obtained at other Stations, if of sufficient interest, are mentioned in the text, and the evidence obtained from all Stations and by the use of other nets than the M.S.N. has been taken into consideration. The following abbreviations and symbols are used in the Tables: —P = present in some net used at the Station, but not in the count.0 = absent in all nets.— = the Station was not worked on that date.* = surface haul only.Stn. = Station.M.S.N. = Medium silk townet (vide p. 12).
7 B. Daphnia longispina, 0. F. Muller.Plates X and XI.The only species of Daphnia occurring in the plankton of Lough Derg and the River Shannon is D. longispina. By reason of its size, numbers and the prolonged period during which it is a dominant, it is the most important species of the zooplankton, 



T. ’26. 52Seasonal Form Variations.In Lough Derg, as in other freshwater lakes that have been investigated, it was found that the shape of the head and the size of Daphnia were not constant throughout the year. No particular attention was paid to this question of seasonal form variation, which has been dealt with fully by Wesenberg-Lund and others. A number of observations, however, wore made the results of which are detailed below.'I’he variety of 1). longispina occurring in Lough Derg is var. hyalina. A number of different forms of this variety are met with, their occurrence being closely connected with the season of the year. The separation of the different forms is based, in the main, upon the absence or presence and shape of the frontal spine. The spined forms in Lough Derg are D. 
longispina var. hyalina format*  galeala, G. 0. Sars and procmra, Poppe. The unspined one is b. longispina var. hyalina forma 
lacnstris, G.O. Sars.The development of the frontal spine and the percentage of mature individuals in which it is present have been traced throughout the year 1922 (Table 22).Table 22.—Form Variation of Daphnia longispina in Lough Derg during 1922.

   %  of mature individuals
Date with frontal spine 

developed
Surface Temperature

5. I. 17 6.65
8. 11. 10 5.57
I. HI. 3 5.6

29. HI. 2 7.85
18. IV. 0 8.15

8. V. 30.9 14.3
25. V. 08.5 14.65

8. VI. 100 18.5
28. VI. 100 14.35
27. VII. 100 16.021. VIII. 100 14 0
11. IX. 100 14.928. IX. 95.6 13.0516. X. 100 11.724. XI. 100 8.18. XII. 48 7.1From January to the middle of April there was a gradual diminution in the number of individuals with frontal spines. I he majority of the spined individuals were forma qaleala and the number of forma procnrva was small. During the month of May there was a very rapid increase in the number of spined specimens and, by the first week of June, all the mature specimens examined were spined. This 100% spined condition persisted, with one exception, up to the end of November but in December there was a marked decrease, and, on the 8th’ of this month, the percentage of spined individuals had fallen to 48%. Forma procvrva predominates in June, July and August. On 



I. ’2(5. 53Plate X are shown drawings of Daphniae from 16 surface collections during 1922. The rapid increase in the percentage of spined mature specimens takes place, in Lough Derg, when a water temperature of 14° G. and more has been reached. The critical temperature for the appearance of seasonal variations given by Wesenberg-Lund is 14-16° G. He finds, however, that a complete transition is accomplished in from 2 to 3 weeks. In Lough Derg a period of 7 weeks was required.Seasonal Distribution.In Table 23 are shown the numbers of Daphnia longispina taken in the River Shannon (L) and in Lough Derg (K, G, A and J). These numbers represent the average of Standard Hauls at the surface and at the bottom, except where otherwise stated.
* = surface haul only.

Table 23.— Daphnia longispina.
Mean of surface and bottom Standard Hauls in the R. Shannon 

(I.) and in L. Derg (K, (’>, A and J).

Date Stn. L Stn. K Stn. G Stn. A Stn. J
1920

1. X. — — — — 6740
5. X. — — — 17270* —

12. X. — — — 11050 —
19. X. — — ■ — 7080*
21. X. — — 47400* 2590* —
27. X. — — 13700* 1280* 70*

9. XI. — — 3620* — 7160*
17. XL — — 3040* 47840* 64400*
24. XL — — — 4040 4280*

1. XII. — — 1480* 2200* 173007. XII. — — — 6710
9. XII. — 200* 760* 1300 —

16. XII. — — — 220 —
22. XII. — — — 293 —

1921
4. 1. — — — 40 —

19. 1. — — — 150 7080
27. I. — 7* 64* 140 12000*

3. II. — — — — 1020
9. II. — — — 500 3280

16. 11. — — — 264 1720
23. II. — 18* 120* 85 1520

7. III. — — — — 1360
14. III. — — 620 1620 6000
24. III. 4 210 — — —
31. III. — — 1506 1920 1600022. IV. — — 6780 6020 —
28. IV. 86 — —. _ _

5. V. 48 105600* 29800* 37100 1568001. VI. 594 8104 36160 18800 3722815. VI. 3906 — 3744 23144 34020
28. VI. 2074 506 25260 30900 60920
11. VII. 2940 — — — 61520
18. VII. — — 17730 70310 —
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The seasonal distribution of this species during 1921 and 
1922 is shown graphically on Plate XI.

In the autumn of 1920 a maximuni occurred about the 
middle of November. Too much reliance should not be at
tached to the figuies foi 1920 as they are, for the most part,

Date
1921

Stn. L Stn. K Stn. G Stn. A Stn. J
1. VIII. 66 — _ _ _
8. VIII. 84 6* — _ 63210. VIII. — — 2055 196522. VIII. 5 28 1450 4300 1 7205. IX. 22 8 2445 8100* 243219. IX. 4 35 — 14409 130104. X. 11 410 40157 52960 26000021. X. — — — 27200024. X. 3 324* 137500 1915209. XI. 650 — _ 38720011. XI. — 246U 95155 17395019. XI. — — _ 386228. XI. 105 68 50355 532 680014. XII. 330 90 3225 82260 111029. XII. — _ 103-101922
5. 1. 120 60 23 50017. I. — 28 50 63 385031. I. 0* 15 — 4258. 11. — — 654 1111. Ill. 20 16 308 132 3'1010. in. 2800* 2170 390 1420 1 129. III. 610 590 6660 380118. IV. 115 245 4680 15600 .*iQpn8. V. 548 19760 29480 49780 9() \( WU I24. V. 1500 12960 64800 24 14.00 > UvH 1 

AJdnnn8. VI. 450 46876 17710 110600 OlHt AH J

28. VI. — — 21100 13396 OHLOUU *5 (>99(15. VII. 8 448 _
14. VII. 11 10040 8296 14480 1 *41 9n27. VII. 92 972 25852 54416 JLO1 ZU 

'711 Qf>21. VIII. 16 8280* 4820 18760 / lloU

11. IX. 148 270* 3860 15360 OOZUo
9 1 f?9A27. IX. 50 2392 5600 11040 JU ->0Qn10. X. — — 19220 2190 •>UJU

20. X. 5 360 —
13 XI. 18 42 1000 178024. XL 18 -— 304* 18100 jj±uu

1. XII. — 3840 .— X JOO‘1U

8. XII. — — 4090 16540 1860RO10. XU. 10 2160 —
1923

4. I. _ _ 6020 14340011. I. 840 520 —
18. 1. — — — 2230 -_
26. I. 520 390 — — 8970012. 11. — — — 5070 3412023. III. — — — 315 965



based upon surface hauls only. Jn the early part of December the numbers declined and a winter minimum supervened, which persisted until the middle of March. In the area investigated, the smallest catches were in the latter half of February. This decline was not so marked at Stn. .1 as elsewhere. Numbers began to increase rapidly in April, and a spring maximum in the lake occurred at the beginning of May. At four Stations on the 5th of this month D. longispina was present to the extent of over 29,000 and the average figure for these Stations was 82,300. In the river the maximum was in June. After Hie maximum period numbers decreased somewhat at all Stations, but rose again to a summer maximum in July, which was smaller than the spring maximum al all Stations in the lake, except Stn. A. 'This maximum coincided with the period of highest water temperature, and a severe drought had. moreover, prevailed for some time. In the river the numbers remained comparatively high from June 15 to July II. In the beginning of August there was heavy rain and the Shannon came down in brown flood. The effect on the plankton was catastrophic, numbers falling, al Stn. A, from 70,310 on July 18 to 1,965 on August 10, al, Stn. J, from 61,520 on July 11 to 632 on August 8 and in the K. Shannon from 2,940 on July 11 to 66 on August I. In the lake I). longis
pina gradually recovered throughout August and September and, at the end of the latter month, it increased rapidly and attained, in October and the beginning of November, an autumn maximum which considerably exceeded those of the spring and summer. In the river, however, the autumn maximum of 
1). longispina was very small, and the effect of the river extended to Stn. K. On November 17 there was a brown flood in the river, and its effect was as severe as that of the August flood the numbers at Stn. A falling from 173,950 on November 14 to 3,862 on the 19th and 532 on the 28th. At Stn. G, which is less affected by the river current than Stn. A, the numbers did not decline until the end of November, but they then remained low until the spring of 1922. That the decline in numbers in the northern end of the lake was due to the river flood and not to the termination of the autumn maximum is shown by the catches at Stn. A. on December 14 (82,260), and further down the lake al Stn. M. on November 19 (31,600) and December 13 (114,200) and at Stn. N. on December 13 (250,000). At the end of December the winter minimum became general and persisted until March. 1922, the number of 1). longispina being usually below 1,000 and even at Stn. N on February 8 being only 1,594. This minimum period coincided with that of the great winter flood, but is probably not altogether due to it.The spring maximum of 1922 was, for ]). longispina, the largest observed during the period of investigation. It reached its highest point about May 24, when 844,000 were taken at Stn. J, and 241,400 at Stn. A. As in 1921, the spring maximum was followed by a smaller summer maximum. It occurred somewhat later than that of the preceding year and was rather more prolonged, fading away gradually. With the exception of Stn. 



I. ’26. 56J, where the numbers were high from the end of November until the middle of February, there was no well defined autumn maximum at the northern end of the lake. It is possible that a brown flood on September 21, at which period in 1921 the autumn maximum was just beginning, may have killed off most of the breeding females. At the end of November and the beginning of December the numbers rose at Stn. A and a late maximum seemed in prospect, but a second brown flood on December 17, followed by the great winter flood, appears to have arrested its development. This hypothesis is supported by the fact that at Stn. N, further down the lake, where the effects of the brown floods would be much less severe than at Stn. A, 34,400 specimens were taken on December 6. (See, however, Section 8, p. 88). At Stn. .1 the numbers declined gradually throughout January and February, being at this period considerably higher than those at Stn. A. By March 23, however, they had fallen to a minimum (965).On only two occasions in 1922, on March 16 and May 24, was D, longispina present in the river to any appreciable extent. The second of these coincided with the date of the spring maximum in the lake. There was no autumn maximum. The difference between the years 1921 and 1922 in the river was probably a consequence of the great drought of the former year.In Lough Derg, then, D. longispina shows two well marked maxima, one in May the other in October and November. In addition there was each year a third smaller maximum in July.The above results show a fairly close agreement with those of other investigators, who find that Daphnia has usually two periods of maximum abundance in the year and that it is scarce during the winter months. Birge, in Lake Mendota (1897, p. 335) and Marsh, in Green Lake, Wisconsin (1903, p. 31 i observed the occasional occurrence of a third maximum in the summer, as in Lough Deig. I ho duration of the winter minimum varies somewhat. Apstein (1896, p. 167) finds the lowest production from February to the middle of June in the Gr. Ploner See, whilst in the Dobersdorfer See it extends only from February to April. In the Swiss lakes, according to Burckhardt (1900), p. >260) and Ilaempel (1918, p. 266) there is only one period of maximum abundance; this occurs in the autumn.'Breeding.In Lough Derg reproduction by means of sexual eggs would appear to be very rare. As in the larger Danish lakes (Wesen- berg-Lund, 1908. p. 123), the normal method of reproduction is parthenogenetic. The occurrence of ephippial females has only been observed on some sixteen occasions and then thev were always rare. I hey have occurred at all seasons of the year save in January, April and July. Males have never been observed.The relation of the various maxima of Daphnia to its breeding activity in Lough Derg during 1922 is shown in Table 24. The figures are based on the average of Standard Hauls at the surface and at the bottom at Stn. A.



Table 24.—Breeding Activity of Daphnia in L. Derg during 1922.
Date Total

No. of 
Daphnia

Total
ovr- I 

gerous.

% ovi- 
gcrous

Total
No. of
Ova

Av. No. of 
ova per 

ovigcrous 
female

Total 
young

O'/O 
young5. 1. 396 117 29.5 285 2.4 38 9.619. 1. 42 0 nil 0 — — —8. II. 111 21 18.9 51 2.4 35 31.51. III. 132 27 20.4 125 4.6 50 37.929. 111. 3,804 439 11.5 2,751 6.2 1,982 52.118. IV. 15,600 2,745 17.6 20,313 7.4 8,818 56.58. V. 49,780 14,997 30.1 79.252 5.3 13,794 27.725. V. 241,400 23,974 9.9 54,900 2.3 109,306 45.38. VI 110,600 5,820 5.3 13,968 2.4 1.380 1.228. VI. 13,396 557 4.2 3,230 5.8 2,753 20.514. VII. 14,480 3,262 22.5 13,371 4.1 7,360 50.827. VU. 54,416 1,091 2.0 6,193 5.7 6,212 11.421. VIII. 18,760 7.076 37.7 40,702 5.7 2,440 13.011. IX. 15,360 2,015 13.1 8,796 4.4 10,080 65.628. IX. 11,040 4,719 42.7 21,975 4.5 2,956 26.816. X. 2,190 275 1*2. o 1,116 4.0 1,200 54.824. XI. 18,100 3,985 22.0 22,470 5.6 9.000 49.78. XI1. 16,540 1,201 7.3 4,644 3.8 4,644 28.1The spring maximum of 1922 occurred about May 25 and was a very large one. From Table 24 it appears that just prior to the maximum the percentage of ovigerous females rose to 30%, and that during the maximum the percentage of young individuals* was 45%. At the time of the maximum, the percentage of breeding females declined, and on June 8 the percentage of young had fallen to the very low figure of 1.2%. It is clear from this that the abrupt decline from the maximum is brought about by a decrease in breeding activity. The number of ova per ovigerous female, too, shows a marked drop. It is possible that this may indicate a falling off in breeding activity, although it must be borne in mind that, according to Wesenberg-Lund (1908, p. 105 , lhe summer generation which appears in May produces a smaller number of ova per egg-set, and that consequently this decline may be due, at least in part, to the appearance of these and to lhe disappearance of the winter generation with their larger number of ova. At the same time it does not appear that there is, in Lough Derg, such a marked difference between the number of ova per egg-set in the spring and in the summer as is found by Wesenberg-Lund in the Baltic lakes.On July 14, at the beginning of the summer maximum, the percentage of breeding females rises to 22% and again at the maximum, on July 27, has declined.There was, in 1922, no well defined autumn maximum. Ou p. 56 suggestions to account for its non-appearance are put

* By young Daphnias here is meant individuals about one week 
old, having a length of from 0.9 to 1.5 mm. The average length will 
vary according to the season of the year.



I. ’26. 58forward. High percentages of breeding females were recorded on Aug. 21, Sept. 28 and Nov. 24, from which it might be argued by analogy from the two previous maxima that had conditions been favourable an autumn maximum would have developed.
7 C. Ceriodaphnia pulchella, G. 0. Sars.Two species of the genus Ceriodaphnia have been found in lhe R. Shannon and in Lough Derg. By far the commoner form is Ceriodaphnia pulchella, the other species, Ceriodaphnia affinia, having only been taken on two occasions.Seasonal Distribution.In Table 25 are shown the numbers of Ceriodaphnia pulchella taken in the R. Shannon (L) and in L. Derg (K, G, A, J) during the latter half of 1922. These numbers represent the average of Standard Hauls at the surface and at the bottom, except where otherwise stated.

Mean of surface and bottom Standard Hauls in die R Sli union (L) and in L. Derg (K, G, A and J). 

* = surface haul only.

Table 25.— Ceriodaphnia pulchella.

Date Stn. L Sin. K Stn. (1 Stn. A Stn. J192214. VII. 7 0 r 0 027. VII. 42 17 0 0 021. VIII. 2368 1600* 0 I’ 011. IX. 1748 860* 40 560 027. IX. 1768 10640 760 1100 14010. X. — — .’>00 520 1 1020. X. 102 2716 — __13. XI. 12 35 175 loo 18024. XI. 5 — 10 20 201. XII. — 10 — __ __8. XII. — — 10 100 264016. XII. 10 20 — __A few observations made m the autumn of 1920 showed that C pulchella: was present in small numbers during October and November, the highest catch-500 at Stn. A-being taken in the former month. In December it disappeared. In 1921 C. pul
chella was never common either in the R. Shannon or in L. Derg, lheie were indications of an autumn maximum, but the numbers were small. The species was taken, however, in the R. Shannon continuously from May to the beginning of November. In the lake it made its appearance later (August) and persisted for a correspondingly longer time, being present up to the end of November. The greatest number taken in the river was 420 on June 28, and in the lake, 520 at Stn. A on October 4. Throughout the winter 1921-22 and up to the end of June, C. pulchella was practically absent from both the river and the lake. In July it made its appearance at Stns. L and K and, towards the end of August, had assumed a position of importance at the former Station, the largest haul, 2368, being 



I. ’26. 59taken on the 21st of this month. In the early part of September il occurred at all Stations except Stn. .J being, however, more abundant at Stns. L and K than elsewhere. The maximum was at the end of September when it was present in large numbers at all Stations, especially at Stns. K (10,640) and A (4,100). In October the species was on the decline and by the end of December it had again disappeared.Taking into account the fact that the largest catches of ('. 
pulchella in 1922 were made either in the river or at Stations adjacent to the river current, especially Stn. K, and also that its first appearance in both 1921 and 1922 was in the river, it is evident that in this area it finds its most suitable environment. In this respect it differs from the majority of the Gladocera of the plankton.There is no evidence that pulchella is concentrated by Hie wind, the figures for Stn. .J being lower, with one exception, than those at Stn. A.During July and August, 1922, swarms of pulchella wore observed in the river, close to the shores of Hayes Island. On August 17 an attempt was made to compute approximately (he density of such a swarm. The method adopted was to plunge a Breffil jar of known capacity into the middle of the swarm thereby capturing practically the whole of it, and to strain (lie catch through silk, after which the enumeration was made in the usual way. It was found, by this extremely rough method, thal the swarm comprised at least 37,000 individuals. This works out at 7,390 per litre. The appearance of swarms near the margin of the river is associated, though not invariably, with calm warm weatlwr, but it must be borne in mind that whilst these conditions may favour the formation of swarms they also make it easier to locate them. High winds, of course, tend to disperse such swarms and to drive them out into the river current, when specimens would be taken in the townet.'This species is not recorded as a common constituent of the freshwater plankton. Keilhack (1909, p. 41), summarising its appearance, says it is usually a littoral form, but it is occasionally found in the plankton. Wesenberg-Lund (1904, p. 36), in lhe larger Danish lakes, finds it sporadically. Quirmbach (1912, p. 447) records it in lhe plankton of the Dortmund-Ems Canal and of the Werse, the maximum occurring in August and September. Gurney (1923, p. 414) records C. pulchella from three only of the twelve English lakes examined. On the other hand we have found it to be a dominant form in the plankton of Lough Atorick.

7 D. Bosmina longirostris (0. F. Muller).Until June, 1921, it was assumed, as the result of frequent examination of specimens, that the only representative of the genus Bosmina present in the river and lake was Bosmina 
coregoni. In that month, however, Bosmina longirostris was taken in large numbers in the river, and an examination was immediately made of such of the samples, previously collected 



I. ’2G. 60at Stns. A and J, as had been retained. These comprised all those from Stn. A, and a fairly representative collection over the period December, 1920 to June, 1921, from Stn. J. It was then found that Bosmina longirostris was present at Stn. A throughout the winter of 1920-21, but only in very small numbers, the largest catch being but 370. It was not found in any of the samples from Stn. J.In general, Bosmina longirostris is usually absent, or present only in small numbers, except during its periods of maximum occurrence, which have been of brief duration.Seasonal Distribution.In Table 26 are shown the numbers of Bosmina longirostris taken in the R. Shannon (L) and in L. Derg (K, G, A and J). These numbers represent the average of Standard Hauls at the surface and at the bottom, except where otherwise stated.
Table 26.— Bosmina longirostris.

Mean of surface and bottom Standard Hauls in the R. Shannon 
(L) and in Lough Derg (K, G, A and J).

*=surface haul only.

1921
4. 1. — — — 9 —

19. 1. — — — 18 0
27. 1. — ? 17 J

9. IL — — — 15 0
16. 11. — — — 85
23. H. — P p 26
14. HL — — 7
24. HL ? P —- __
31. HL — — 37022. IV. — — ? 153 -—

5. V. ? P ? 0 0
1. VI. p P ?  

0 n
15. VI. 2910 — 0

 
0 0

28. VI. 44220 798 0
 

0 o
11. VII. 240 — p
18. VII.

1. VIII. 268
— 0 0

8. VIII. 196 28* 87
10. VIII. — — 192 28522. VIII. 530 392 90 1280 130
5. IX. 950 222 255 100 0

19. IX. 289 426 __ 10434 880
4. X. 2312 3240 466 13600 400

24. X. 41 6* 0 320
9. XI. 70 — --- 0

14. XI. — 160 no 600 —
19. XI. — — — 370 —



1. ’26. 61Date1921 Stn. L Stn. K Stn. G Stn. A Stn. J28. XI. 180 144 540 79 15014. XII. 30 10 120 20 42029. XII. — — — — 76019225. I. 30 30 16 22 —17. 1. QX- 74 40 69 127031. I. 10* 51 — — 508. 11. — — 217 266 —1. HI. 150 162 170 146 364016 III. 3500* 2500 600 1360 58729. HI. 950 060 4502 1564 1201218. IV. 235 270 1320 3480 19408. V. 486 040 6500 2900 8400024. V. 1270 1.120 9000 2200 • 8008. VI. 100 P 0 0 028. VI. — — 0 P 05. VII. 920 810 — __ __II. VII. 91 40 0 0 p27. VI 1. 554 53 0 0 021. VIII. 2992 600* 0 0 011. IX. 142 240* 0 0 027. IX. 36 200 p p 2016. X. — — 0 0 020. X. 10 20 — —13. XI.24. XI. 5 20 20 60 03 — 12* P 01. XII. — ’ 10 — __8. XII. — — 106 320 103216. XII. 130 85 — —19234. I. — — — 135 011. I. 290 240 — —18. 1. — — — 1300 —26. I. 520 110 — __ 127412. 11. — — — 40 12023. III. — — — 77 195From October, 1920, to the end of May, 1921, Bosmina 
Iongirostris was only present in very small numbers at Stn. A, and was apparently absent at Stn. J. In June, 1921, it appeared in large numbers in the R. Shannon, the greatest average, 44,220, being taken on June 28. At the same time it was present at Stn’. K in small numbers, probably brought there by the river current, but was absent at Stns. G and A. It remained in the river for the rest of the year and throughout 1922, but never again attained such large numbers.From August to October it was generally distributed in the lake the numbers, however, remaining low until the end of September and beginning of October when a maximum occurred. I he largest catches were made at Stn. A and the smallest at Stn. J- The numbers then declined and remained low until March, 1921, when there was a general increase at all Stations cul-



I. '26. 62minating in a maximum in May. This spring maximum differed from that of the preceding autumn, however, in that tlie numbers at Stn. A were relatively small (3,480), and those at Stn. .1 the largest ever noted for this species (84,000).In the lake B. longiroslris declined abruptly at the same time as did B. coregoni and from June to November, 1922, was absent or extremely rare, though present in relatively large, numbers in the river and at Stn. K. It was present in small numbers everywhere during the winter.The seasonal distribution of Bosniina longiroslris presents many apparent anomalies. The sudden appearance in the river in large numbers in June, 1921, is probably, with other phenomena of a like nature, in some way associated with the great drought which had then prevailed for some months (vide p. 112).Wesenberg-Lund (1908, p. 241) comes to the conclusion “that “ the proper home of B. longiroslris was the littoral region, from “ which like so many other organisms it was carried out into the “ pelagic region where it sojourned for a certain period ami “ whence it again disappeared in early summer on account of " the increasing tendency to sink. The recruiting of the pelagic “ region should then take place afresh every year by means^of “ material derived from the littoral region.” In an earlier work Wesenberg-Lund (1904, p. 38) says that the species “suddenly “ disappears from the pelagic region, hut is constantly found in “ the littoral region.”Tim first occasion on which B. longiroslris was noticed in large numbers was at the end of June, 1921, in the R. Shannon It then appears to have been carried down into the iake where later an autumn maximum developed. This maximum occurred in the pelagic region, and was also shown, to a small degree in the river and at Stn. K. The spring maximum of the following year was not so marked at Stn. A as at Stns. G and J, both o7 which lie considerably nearer to the shore than does Stn. A and it is possible that this may be due to the species being carried out from the littoral region. Again, whilst it disappeared abruptly subsequent to May 24, 1922, from Stations in the lake it persists throughout the summer in the river and, to a lesser degree, at Stn. K. This may readily be explained in view of the statement of Wesenberg-Lund quoted above, since it is

A comparison between the behaviour of the two species of 
Bosniina reveals a number of points of interest. In the first 
place B. longiroslris is neither so abundant nor so generally met 
with as B. coregoni. On the other hand, B. coregoni occurs only 
to a very small extent in the river, finding its appropriate habitat 
in the limnetic region of the lake, whilst B, longiroslris occurs

highly probable that littoral collections along the river bank’ would constantly be swept out into the channel, when they would be captured in a townet. It is interesting to note that Scheffelt (1922) found a marked increase of B. longiroslris in the Chiemsee following a period of high water.



I. '26. 63abundantly in both the river and the lake. This difference is accounted for by the fact that the latter species is really a littoral form. It is interesting to note that where the two species occur together in Lhe lake in large numbers as, for instance, during lhe spring maximum in 1922, botn disappear simultaneously, the time coinciding with a rise of temperature of the water from I4°C to 18°G.The periodicity of this species in our area shows a fairly close agreement with that observed by other investigators. Wesenberg-Lund (1904, p. 38) records one maximum in May and the beginning of .lune. Apstein (1896, p. 171) gets one large maximum in the Dobersdorfer See at the end of May, followed by a drop at the beginning of July. In Lhe Gr. I’loner Seo, on lhe other hand, it appears Lu have a summer maximum extending from July to the beginning of September. Kofoid (1908, p. 226) records a maximum in the Illinois R. at the end of May or the beginning of June. Continuing, he says “ From this “ summit there is an abrupt decline to a level of less than 2,000 per m3 in the last fortnight of June.” Schmidt (1924, p. 189) states that B. longirostris is abundant in the Obinger See in spring, very rare in the summer months and increases somewhat in the autumn. Gurney (1923, p. 446) finds two maxima for this species in Esthwaite, one in June which is followed in July and August by a marked decline, and a second in September. Zimmer (1899, p. 12) found it in the R. Oder throughout the year. Steuer (1902, p. 38) in the “ Alten ” IJonau, observed a maximum in June, followed by an abrupt decline, and a sudden increase to a second maximum at the end of August. Quirmbach (1912) noted, in the Dortmund-Ems Canal, a steady increase during June to a maximum early in July, 
followed by a steady decline through July and August.7 E. Bosmina coregoni, Baird.Plates XII and XIII.Of the two species of Bosmina occurring in the river and lake, 
Bosmina coregoni is the more important. During its period of maximum occurrence, Bosmina coregoni may be the most abundant species of the plankton Crustacea in the lake. It differs from Daphnia longispina in so much as there is a period during the summer when it is almost or quite absent from the northern end of the lake.Seasonal Form Variations.A detailed study of the seasonal form variations was considered to be outside the scope of this paper. Since, however, the species, after attaining a considerable maximum in the spring, suddenly disappears from the plankton to reappear in September it was considered desirable to deal very briefly with this question.To express the different measurements, the notation employed by Wesenberg-Lund (1908, p. 192), in which T = total 



I. ’26. 64length, H = greatest height and C + D = length of the flagellum has been employed here.At the time of the spring maximum in 1921 the predominating variety was one with T = 560—762 /z (ovigerous $), H = ca. 750 and C + D = ca. 340. In May, 1922, Bosminas of this type were again present but there were also a considerable number which were characterised by their much shorter mucrones, longer antennae and greater shell height. These gave lhe following measurements : —T = 569—641 m, II = ca. 852 and G + D - 643. Both varieties practically disappeared in June.It would appear, therefore, that in Lough Derg, /?. carre/oni undergoes slight seasonal variation. During August, 1922, a few large forms with T = 957/x, 11=887 and G + D = 422, were observed in the pelagic region, but their number was very small and it is not believed that Bosmina usually persists to any extent throughout the summer months when the water is thoroughly warmed up.Seasonal Distribution.In Table 27 are shown the numbers of liosmina corec/oni taken in the River Shannon (L) and in Lough Derg (K. G. A, J). These numbers represent lhe average of Standard Hauls at lhe surface and at the bottom, except where otherwise staled.Table 27.— Bosmina coregoni.

Date Stn. L Stn. K Stn. G Stn. A S t n. J
1920

1. X. — — — — 05. X. — — — 770*+ —
12. X. — — — 498 —
19. X. — — —. — 2500*+21. X. — — 1200*+ 80*t - ~
27. X. — — — 240* 160*+9. XI. — — 340 — 7360*+17. XI. — — 1120*+  15907* 40000*+
24. XI. — — — 2480* t 4040*+

1. XII. — — 3080*+ 3649* 21840+
7. XII. — — — _ 7140
9. XII. — 920*+ 740*+ 372 —

16. XII. — — — 140+ —
22. XII. — — — 267 —

1921
4. I. — — — 161 —

19. I. — — — 1102 51000
27. I. — 33*+ 60*t 101 33800*+

3. II. — — — — 20680+
9. II. — — — 649 67680

16. IT. — — — 1203 25500+

Mean of surface and bottom Standard Hauls in the R. Shannon 
(L) and in Lough Derg (K, G, A and J).

* = surface haul only.
+ = /?. longiroslris not separated.



Date
1921

Stn. 1. Stn. I< Stn. G Stn. A Stn. J23. 11. — 30*f 102*f 306 2204047. III. — — __ 6710414. III. — — 16804 7093 80600424. Ill 29f 13064 — __31. HI. — — 139 If 19630 178200422. IV. — — 109604 871728. IV. lost — -- -5. V. 3504 182300*1 15200*4 115800 691001. VI. 1584 5324 804 60 015. VI. 0 — 0 0 o28. VI. 163 0 0 100 011. VII. 20 — — o18. VII. — __ 0 o1. VIII. 0 __8. VIII. 5 4* 9710. VIII. __ 33 7522. VI n. 38 24 70 100 1605. IX. 121 45 290 300* 20819. IX. 30 47 — 3133 22604. X. 0 488 14361 7520 200021. X. — — — __ 900024, X. 2 252* 12140 362409. XI. 0 — __ 800014. XI. — 20 3640 2345019. XI.28. XI. 90 70 1780 9255 10014. XII. 0 10 125 680 12029. XII.1922 — — — 8155. 1. 60 40 2017. 1. 0* 36 p31. 1. 20* 518. II. — — 641. III. 80 42 10016. III. 400* 300 14029. III. 90 120 10218. IV. 70 35 2808. V. 210 600 304024. V. 640 2800 74008. VI. 105 P 5028. VI. — — 05. VII. 84 1614. VII. 17 10 027. VII. 20 5 P21. VIII. 96 40* 011. IX. 0 20* 027. IX. 0 384 18016. X __ __ 24020. X. 0 26013. XI. Q 13 41524. XI. 3 — 132*1. XII. — 390 —y. XU. — — 256216. XII, 10 8415 —

36 _21 4G0— 85(57 —50 440470 176320 1224680 8603840 896005000 1600P P0 0— —0 00 0,0 020 02080 1680340 100— —2190 5070015440 38500—1 1720 135600— —



Date Stn. I. Stn. K Stn. G Stn. A Stn. J19234. I. __ '_ 5500 14720011. 1. 300 380 — — —18. 1. — — — 990 —26. 1. 540 390 — — 9912612. 11. — — — 1680 3650023. HI. — — — 365 1165The seasonal distribution of Bosmina coregoni is shown for Stn. A during 1921 and 1922 on Plate XII, and for Stn. J from January, 1921, to March, 1923, on Plate XIII.
Bosmina coregoni has never been a common constituent of the plankton of the R. Shannon and its seasonal distribution in this environment will be considered separately.In the lake, Bosmina coregoni appears to have had a maximum in the autumn of 1920, about the middle of November. At all Stations, except Stn. J, the numbers then fell and remained low until the following March. At Stn. J, however, it was present in large numbers throughout the winter. The spring maximum of 1921 persisted from March to May, the largest catch (178,000) at Stn. J being on March 31, at Stn. A (115,800) on May 5. The numbers then fell very rapidly, and Bosmina 

coregoni was absent or scarce throughout June, July and August, At the end of August it reappeared and increased gradually, culminating in a small autumn maximum at the end of October (36,240 at Stn. A). At Stn. J the greatest number observed was 9,000. Throughout the winter of 1921-22, the numbers remained low, even at Stn. J. The spring maximum of 1922 occurred during May. Except at Stn. J where 89,600 individuals were taken on May 8, it was a small one, the greatest numbers being 5,000 on May 25 at Stn. A and 7,400 at Stn. G on May 24. As in 1921, it was almost completely absent during June, July and August. In September it reappeared and attained a maximum in the autumn at Stn. A during the end of November and beginning of December (15,44u and 14,720, respectively), after which period it declined. At Stn. J, however, it continued to rise, and on January 4, 1923, a maximum of 147,200 was attained. By the end of the month there was a slight decline which continued throughout February and March and bv 23rd of the Utter month lhe number had fal|er, ! 165. Thus the behaviour at this period, approaches more closely to that of the same period in 1920-21 than to that of 1921-22.The distribution of Bosmina coregoni in the lake is markedly affected by wind-drift, to a degree greater, probably, than that of any other species (vide p. 117) and this agency is invoked to explain the greater abundance of this species at'Stn. J than at Stn. A at its seasons of maximum abundance. The autumn maximum of 1921, however, requires some further explanation. At this period B. coregoni was more abundant at Stn. A than at Stn. J and, moreover, the figures for Stn. J. were unusually low. Two hypotheses may be adduced to explain this



T. ’26. 67phenomenon. In the first place in November, 1921, winds from the N.N.W.—S.S.W. only prevailed on 7 days, whereas in November, 1922, they prevailed on 22 days, and it is these winds which tend to concentrate B. coregoni at Stn. J. In the second place, there was a brown flood on November 17, after which the numbers of the species declined with extreme rapidity. At Stn. A, D. longispina fell from 173,950 on November 14 to 3,862 on November 19, and B. coregoni  from 23,450 to 92 on the same dates. At Stn. J.D longispina fell from 387,200 on November 9 to 6,800 on November 28. Bosmina coregoni falling from 8,000 to 100 on the same dates.A comparison of the seasonal distribution of 7>. coregoni in the years 1920 (autumn), 1921, 1922 and 1923 (spring) suggests the following observations:—The spring maximum is in April and May, and is followed by an abrupt decline at the end of May or beginning of .June. In the period June-August it is almost completely absent. The sudden decline in the latter half of May coincides in both 1921 and 1922 with a rapid rise in the temperature of the water, and possibly the disappearance of the spring forms of B. coregoni may be associated with the reduced viscosity of the water. Dakin (1913, p. 90) in Lough Neagh finds the same, namely a maximum on May 11 followed by an abrupt decline on May 25. He records a surface temperature of 9.5° C. on the former and one of 14.3° C. on the latter occasion. Marsh (1903, p. 33) too, in Lake Winnebago, observed a large increase about the first of June, 1899, followed by an abrupt disappearance.The winter maximum, as in the case of Daphnia longispina, was later in 1922 than in the previous year. The date of its commencement and the period of its duration appear to be greatly affected by the autumn and winter floods, especially in the part of the lake adjacent to the river current. At Stn. A the autumn maximum in 1920, 1921 and 1922 was over before the end of the year, and, in the two former years, the winter minima which followed persisted until the spring. At Stn. J, however, 7>. coregoni persisted in large numbers throughout the winters 1920-21 and 1922-23. In that of 1921-22 it behaved at Stn. J as elsewhere. The numbers fell in November as a result of the flood already mentioned, and did not recover until the following spring. This seasonal distribution is shown graphically on Plates XII and XIII.In May and June, 1921, during the spring maximum, B. 
coregoni was frequently found in small dense swarms near the shore at various parts of the lake. It was suspected at first that the occurrence of such swarms was connected with sexual reproduction, but the examination of a considerable number of individuals from a swarm revealed no males.In the R. Shannon, B. coregoni was never present in any large numbers during 1921 and 1922, the highest average haul containing 640 specimens. Tn both years the maximum was in May, and there was no autumn or winter maximum. It is evident, therefore, that the river is not a favourable environment 



for this species, which finds its appropriate habitat in the limnetic region of the lake.The seasonal distribution of this species as found by different observers seems to be subject to considerable variation, but it appears that in lakes where B. coregoni does not exhibit marked seasonal variation there are usually two maxima, one in the spring or early summer and one in the autumn, and that there is a period during the summer when it is almost or quite absent from the pelagic region.Breeding.Despite the fact that subsequent to the beginning of 1921 (Stn. A) the Bosminas were carefully scrutinised under a compound lens, to distinguish B. coregoni from B. longirostris, only two males were ever observed. These occurred at Stn. A on January 18, 1923. It is evident, therefore, that the reproduction of this species is predominantly parthenogenetic.7 F. Chydorus sphaericus (O. F. Muller).Two species only of the genus Chydorus have been identified in the course of the present investigations. The commoner of these is Chydorus sphaericus. It is found fairly frequently in the limnetic region of the lake, as well as in weeds near the margins of the river and the lake and in small pools and ditches which are in communication with the river in time of flood. Seasonal Distribution.
Chydorus sphaericus has never been dominant either in L. Derg or in the H. Shannon and during the period covered by our investigations has only been fairly abundant during the first half of 1922. During the autumn of 1920 it was not present in any townet collections from the limnetic region of the lake save for a few specimens taken in December. During the whole of 1921 occasional specimens only were taken. In Table 28 are given the means of surface and bottom Standard Hauls for the period January 5 to May 24, 1922, at Stns. L. 'Table 27.— Chydorus sphaericus.
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2040——4846902222601600

393493670612600100
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During this period C. sphaericus showed a well-marked maximum in March and April. This maximum was general over the northern end of the lake, and the numbers taken were very uniform, except at Stn. J. During April the numbers remained comparatively high, commencing to fall, however, early in May. Towards the end of this month it disappeared and, with very few exceptions, was not taken again during the remainder of the year.It is interesting to note that the termination of the maximum coincides with that of Bosmina, but beyond this it is impossible to go, owing to lack of data in other years.Birge (1897, p. 348) found that in Lake Mendota this species had its maxima in July and autumn, and correlated them with the abundance of certain Myxophyceae such as Anabaena and allied forms. The maximum in L. Derg and the R. Shannon in 1922 coincides with the period of greatest abundance of Diatoms, and the Myxophyceae are relatively unimportant. Kofoid (1908. p. 234) finds, in the Illinois River, a well-defined vernal pulse in March-June. Zimmer (1899, p. 12) found this species in Lhe Oder from February to July.7 G. Bythotrephes longimanus, F. Leydig.This large Cladoceran occurs regularly in the plankton of L. Derg in the summer months. It is utilised as food by trout, pollan and perch, and, on account of its size, is to be considered an important constituent of the plankton, although it is never a dominant. Only one species of the genus has been found, namely Bythotrephes longimanus.S E A SON A L DI ST RI BUT ION.In Table 29 are given the numbers of Bytholrephes longi
manus taken in L. Derg (K, G, A and J). These numbers represent the average of Standard Hauls at the surface and at the bottom, except where otherwise stated.

Mean of surface and bottom Standard Hauls in L. Derg (K, G, A and J).Table 29.— Bythotrephes longimanus.

* = surface haul only.Date Stn. K Stn. G • Stn. A Stn. J19201. X. — — — 8405. X. — — 330* —27. X. — 20* 40* 20*17. XI. — 0 20* 024. XL — 0 40* 0192114. TH. — P 1’ 031. ITT. — 2 P 05. V. 0 P P 30001. VI. 240 380 700 1240
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Stn. K Stn. G

— 284
10 600
~ -— 120

0 -- .
— 0

6* 0
1 0

0 p64 130— 800 _
210 17632 1680 900 1200 160— 00 0

— -- .

Stn. A Stn. J
512 460
700 992
— 1280
83 —
~ — 0

0 —
0 0
0 —

200 p
300 700
164 3190
80 720

624 3300
160 3232
280 1280
240 300P 1200 40

0 20

Date
1921

15. VI.
28. VI.
11. VII.
18. VII.

8. VIII.
10. VIII.
24. X.
14. XI.

1922
24. V.
8. VI.

28. VI.
5. VIJ.

14. VII.
27. VII.
21. VIII.
11. IX.
27. IX.
16. X.
13. XI.

1923
23. HI.

'' JUOn only two occasions, viz., June 15, 1921, and July 14, 1922, has Bythotrephcs been taken in the R. Shannon, and then only to the extent of 1 and 4 individuals respectively Timm (1905, p 229) does not record this species from' the plankton of the R. Elbe, and in his summary of the distribution of Cladocera in other European rivers, Bythotrephcs is absent. Neither Zvkoff nor Meissner found it in any Russian river.Observations made during the autumn of 1920 show thatBythotrephes was present in the lake in small numbers, up to the end of November. The earliest noted appearance in 1921 was on February 23 when 4 specimens were taken at Stn. E Throughout the remainder of February and during March and   April only occasional individuals were captured, and it did not become common until May 5 when 3,000were taken at Stn. J Subsequent to this the data are somewhat scanty, therebeing but four occasions when it was present in con- siderable numbers at Stn. A and and at Stn. J. At thelatter Station the greatest numbers were usually taken.   Bythotrephes disappeared from the lake after the middle of July,  never reappearing at any Station save Stn. K, where six speci- mens were taken on October 24 and one on November 14. This latter occasion was the last noted for Bythotrephes in 1921. Itis probable that its early disappearance in this year was causedJi by the brown flood of August I. In 1921, therefore, it was only  relatively abundant from the middle of May to the middle of July
In 1922 Bythotrephes made its appearance towards the end 

of May, that is to say, two months later than in 1921 or 1923. 
This may be a consequence of its almost total and premature



1. '26. 71disappearance after the August flood in 1921. It was present in uniformly small numbers at Stns. A and G until the end of September. It only occurred three times at Stn. K. AL Stns. .1 and Z it was again relatively abundant, being present at the latter Station, on June 28, to the extent of 15,640. The last occurrence noted was at Stn. J on November 13. In 1923, the earliest noted appearance was on March 23 when 20 specimens were taken at Stn. J.In its seasonal distribution Bythotrephes shows- a fairly close resemblance to Leptodora Kindtii. Both species are absent or rare in the river, are absent from the northern end of the lake during the winter and early spring, and have their periods of maximum abundance in the summer.It is obvious that Bythotrephes is much more abundant at Stns. J and Z than at any of the other Stations. This is undoubtedly due to the fact that it is readily concentrated by the wind.The majority of investigators agree about the seasonal distribution of Bythotrephes, recording a maximum during the summer and complete absence during the winter months.Dakin (1913, p. 86) records .this species from the stomachs of pollan in Lough Neagh but never found it in his net catches.
7 H. Leptodora Kindtii (Focke).Plate XIV.Although Leptodora is not so abundant as several other species, yet it must be considered one of the important constituents of the plankton. It has its maximum during the summer months, between the spring and autumn maxima of 

Daphnia longispina, and when Bosmina is practically absent, and, at this period, may constitute 80% of the crustacean plankton.Seasonal Distribution.In Table 30 are shown the numbers of Leptodora Kindtii taken in the R. Shannon (L) and in Lough Derg (K, G, A and J). These numbers represent the average of Standard Hauls at the surface and at the bottom, except where otherwise stated.Table 30.—Leptodora Kindtii.Mean of surface and bottom Standard Hauls in the K. Shannon (L.) and in L. Derg (K, G, A and J).*=surface haul only.Date 1920 1. X. Stn. L Stn. K Stn. G Stn. A Stn. J805. X. — — — 110* - ——12. X. — — — 60 —19. X. __ — — — 40*21. X. __ — 200* 20* —27. X. __ — 20* 80* 017. XI. __ — 0 20* 0



I. ’26. 72

The average of the catches at Stns. A, G and J during 1921 
and 1922 is shown graphically on Plate XIV

Date
1921

Stn. L Stn. K Stn. G Stn. A Stn. |

31. III. — — 2 P 022. IV. — — 0 0 —
28. IV. 0 — — — _

5. V. 0 0 0 1’ p1. VI. P 340 2720 120 118015. VI. 0 — 5728 2656 618028. VI. 270 2756 6120 4700 1544811. VII. 6840 — — — 796018. VII. — — 3390 J 3001. VIII. 1696 — — — _
8. VIII. 43 32* — — 328010. VIII. — — 3763 114022. VIII. p 28 2430 5400 56305. IX. 8 40 920 4200* 712019. IX. 3 P — 631 20404. X. 0 180 3329 520 160021. X. — — — _ 320024. X. 0 6* 900 480 —
9. XI. 0 — — — 160014. XI. — 0 . 455 950 __

19. XI. — — — P —
1922

29. III. 0 0 40 0 1'18. IV. 0 0 60 0 208. V. p 40 80 20 ()24. V. 20 680 400 3200 1 6008. VI. 0 416 1280 300 91028. VI. — — 1780 2044 16205. VII. 36 184 — _
14. VII. 11 880 3112 5580 276027. VII. 4 308 5444 5072 132021. VIII. 0 0 20 100 83211. IX. 0 20* 1200 860 200027. IX. 0 0 210 220 104016. X. — — 20 p 34020. X. 0 0 —
13. XI. 0 0 5 o 201923
22. II. — — 11IV23. III. — — — 8

J u \ .
25

In the autumn of 1920 Leptodora was only present in small 
numbers. The latest occurrence was on November 17.       In 1921 the earliest apperance of Leptodora in the lake was  
on March 31. A few specimens were recorded from this date 
onwards but it did not become in any way abundant until June         
6. On this date too the first specimens were noted in the river. 

During June it increased steadily, reaching a maximum, at all
Stations in the lake, at the end of the month, the greatest number not reached until the following month. In the lake there was a 
(15,448) being taken at Stn. J. In the river the maximum was



T. ’26. 73general decline in July, followed by a smaller maximum at the end of August. In October and the first half of November Leptodora remained in fairly large numbers at Stns. G and J. but decreased at Stn. A. In the latter half of November it disappeared from the plankton of the northern end of the lake, although it persisted a little longer towards the southern end, a few specimens being taken at Stn. N on December 13. This was the last occurrence of Leptodora in 1921.In the river, the secondary maximum of August was not shown, only a few specimens being taken after the first week in August.In 1922 Leptodora again made its appearance in the lake at the end of March. In the river it occurred on May 8. The numbers remained low until May, when they commenced to rise at all Stations in the lake, the maximum occurring at the end of July. In August there was a marked decline, followed, as in 1921, by a small secondary maximum in September. In November Leptodora disappeared from the northern end of the lake, the last specimens being taken on the 24th. In the river Leptodora was only present from May to July, and then only in very small numbers. In 1923 newly hatched forms were first noted at Stn. J on February 22 and subsequently, on March 23, a few young individuals were captured at Stns. A and J.It is evident that Leptodora was much more abundant in 1921 than in 1922. In the river the difference is particularly marked. In 1921 this species was taken on eight occasions between June 1 and September 19, the largest number of individuals being 6,840. Thus, Leptodora was, at its maximum, as abundant in the river as in the lake. In 1922 it occurred in five hauls between May 8 and July 27. It disappeared two months earlier than in 1921, and the number of individuals never exceeded 36. This figure is very considerably lower than those for the corresponding period in the lake.It is suggested that the abundance of Leptodora in the river in July, 1921, was associated with the stable conditions which prevailed there during the great drought. These conditions disappeared at the beginning of August and have not since recurred, nor has Leptodora again appeared in large numbers in the river.All investigators who have recorded the presence of Leptodora from temperate lakes find that it is absent during the winter months and that it has a maximum during the late summer or early autumn. The times of its first appearance in the spring and of its disappearance in the autumn are naturally subject to slight variations, depending, presumably, on local differences in temperature. In the Danish lakes Wesenberg- Lund (1904, p. 39) finds that it makes its appearance in May- June and is abundant in the latter half of August. In America, Birge (1897, p. 351) and Marsh (1903, p. 36) find that Leptodora is absent during the winter, that it appears in May, reaching its maximum development in the summer or early fall, and that it disappears in November or early December. Gerschler (1911, p. 89) summarises its periodicity and states that in the lakes of 



L r26. 74the middle European lowlands Leptodora is found from April to December, with a maximum in August. In higher-lying Alpine lakes it appears later, in .June or even .July, and the maximum occurs in September.This species appears to be a normal constituent of the plankton of large rivers in Europe and Asia.
7 J. Other Cladocera occurring in the Plankton. 

Diaphanosoma brachyurum (Lievin).This is a very rare species in the area of the present investigations. It has been taken in the lake in small numbers from August to the middle of November in all three years, being most abundant in September. It was only taken on one occasion in the river. Its seasonal distribution in Lough Derg, therefore, agrees with that found by other observers viz., Burekhardt (1900 P 258), Birge (1897, p. 347), Apstein (1896, p. 166), and Bally (1907, p. 148).
Sida crystallina (O. F. Muller).This species occurs in small numbers both in the 11. Shannon and in L. Derg. It appears to be completely absent during the winter months and to have its maximum in September. The time of its disappearance from the plankton was, in all three years, the end of November, but the date of its reappearance seems to be subject to considerable variation, being as early as February 23 in 1921, whilst not until the middle of April in the following year. The largest number of specimens taken was 377 at Stn. K on September 27, 1922. Sida has been found on several occasions in small numbers mixed with littoral swarms of Polyphemus pediculus. Apstein (1896, p. 166) considers it to be a littoral species.
Latona setifera (0. F. Muller).A very rare species, apparently absent from the plankton during the winter months.

Scapholeberis mucronata (0. F. Muller)The horned and the unhorned varieties, var. concilia and var. longiconus, of this species have been found, both in the liver and the lake. Scapholeberis is rare in the townet collections but it has been observed on several occasions in small swarms by the margin of the river in very shallow water in May, June and July. It apparently persists all the year through.
Simocephalus vetulus (0. F. Muller).Of the two species of the genus Simocephalus which have been found in the area of the present investigations, S. vetulus is by far the more abundant. It is met with more frequently in the river than in the lake, and appears to persist all the year round.
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Eurycercus lamellatus (0. F. Muller).This large Cladoceran, which is of common occurrence in collections from the littoral region of both the R. Shannon and of L. Derg, has been taken not infrequently at all seasons of the year in the limnetic region of both habitats. It was rare in townet collections in 1921, but, throughout 1922, was present in small numbers, being most abundant during November and December. The largest hauls recorded were 400 and 1,000 on December 1 and 16, respectively, at Stn. K. The majority of the specimens were captured in the bottom townet which fishes close to the weeds that clothe the bottom at this shallow Station. This would suggest that Eurycercus is really a littoral form in L Derg. Kofoid (1908, p. 252) records this species sparingly in the winter plankton.

Acroperus harpae, Baird.This species persists throughout the year in small numbers, in both the R. Shannon and in L. Derg. It appears to be more abundant, however, in the latter habitat. In the lake, it occurs more frequently and in larger numbers at Stn. K than elsewhere. During the period September 27—December 16, 1922, the numbers at this Station regularly exceeded 100. As in the case of Eurycercus, the majority of specimens were taken in the bottom townets.
Alona quadrangularis (O. F. Muller).Of the five species of Alona present in the area covered by these investigations, A. quadrangularis is by far the commonest. Two varieties of this species are found .1, quadrangularis typ. and .1. quadrangularis var. affinis. Neither is ever abundant although one or other is usually found in a careful examination of the townet collections at all seasons of the year.

Pleuroxus uncinatus, Baird.This species appears to be present in both the lake and lhe river only in the colder season of the year. In both 1921 and 1922, small numbers were usually taken in the townets from October to March, and, with the solitary record of two specimens on August 8, 1921, it has never been taken prior to the end of September.
Pleuroxus aduncus (Jurine).The seasonal distribution of this rare species appears to be identical with that of P. uncinatus.

Chydorus globosus, Baird.This species of the genus Chydorus is much less abundant than is C. sphaericus. In both the lake and the river occasional specimens have been noted in townet collections made at nearly all seasons of the year.
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Polyphemus pediculus (Linne).
P. pediculus is essentially a littoral form, and in the area investigated, is the most abundant of such species. In the following account it has been necessary to make use of data from townet .collections in the limnetic region in order to trace its seasonal distribution. Whilst the numbers captured in this way are probably never truly representative of the actual numbers present in the littoral zone, they serve to fix with a fair degree of accuracy the dates of the first and last appearances of the species.In the autumn of 1920 Polyphemus was present in small numbers up to the beginning of November. In 1921 it was first observed in the lake at the end of April, and in the river early in May. It is probable, however, that it appeared somewhat earlier than this in the lake since a surface haul made on April 29 at a Station about 150 yards distant from Silver Island contained as many as 2,880. Up to the end of October, when Polyphemus disappeared, it was taken in small numbers in the majority of townet collections from the regular Stations.In 1922 it again made its appearance in the lake in April. In the river it was first noticed somewhat later, in .lune. As in the previous year, small numbers were regularly taken in the majority of the standard hauls in both river and lake. In this year too, it disappeared in October. Wagler (1913, p. 326) finds a similar periodicity in Saxony, the species being most abundant from May to August, and absent during the winter.- ------- o »» •On a number of occasions covered by the period oi our observations swarms of Polyphemus have been noticed either in the shallow water near the shores of the lake, or close in against the river banks. The occurrence of these swarms is usually associated with warm bright weather. Swarms vary in size considerably and may extend over an area of several square metres. More often, however, they are smaller, occupying an area roughly 10-40 centimetres square. During .June, July and August small swarms were very frequently observed in the open spaces between the aquatic weeds near the river bank. It was found that swarms do not consist solely of Polyphemus but that they usually contain a few specimens of other species such as Sida crystallina, C er io daphnia. pulchellu, 

Scapholebris mncronata, Bosmina longiroslris and Eurylemora 
velox.

7K. Diaptomus gracilis, G. 0. Sars.Plate XV.The only species of the genus Diaptomus which has beenfound in the area of our investigations is D. gracilis. It occurs throughout the year and is the commonest copepod in L. Dergand the R. Shannon.Its abundance in the R. Shannon differentiates this speciesfrom the majority of the other pelagic Crustacea, especially the Cladocera, which do not appear to find in the river, conditions suitable for their development 



I. '26. 77At no season of the year was Diaptomus coloured red, although in a neighbouring lake less than 10 miles distant from L. Derg the specimens were invariably bright red. Ward (190-4, p. 142) notices that this red colouration is found in elevated lakes. Wesenberg-Lund (1905, p. 429) notes the occurrence of deep red specimens in lhe Scottish lakes examined. He is of the opinion that the explanation advanced by Brehm (1902) that lhe colour is a means of protection against cold is sound. Brehm, however, in a later paper (1907, p. 96) manges his earlier opinion. Klausener (1908, p. 397) maintains that the red colouration is connected with low temperature, as does Steiner (1911, p. 56). Baumann (1910, p. 397) attributes it to the low oxygen content of the waters of the Stockhornsee where he observed it. Virieux (1916, p. 124), from his researches into the plankton of the lakes of the Central Jura, suggests that the red colouration is due to bright light. Our observations indicate that neither elevation nor temperature provide a valid explanation. It appears much more probable that the determining factor is the presence or absence of limestone in the drainage area.Seasonal Distribution.In Table 31 are shown the numbers of Diaptomus c/racilis taken in the R. Shannon (L) and in L. Derg (K, G, A and J). These numbers represent the average of Standard Hauls at the surface and at the bottom, except where otherwise stated.Table 31.— Diaptomus gracilis.Mean ol: surface and bottom Standard Hauls in the R. Shannon (L) and in L. Derg (K, G, A and J).* = surface haul only.Date1920 Stn. I. Stn. K Stn. G Stn. A Stn. J1. X. — — — — 4205. X. — — — 440* —12. X. — — — 120 —19. X. — — — — 120*21. X. — — 0* 100* —27. X. — — 180* 40* 710*9. XI. — — 180* 34 40*17. XI. — — 160* 20* P24. XI. — — •— 1200* 6120*1. XII. — — 720* 200* 3407. XII. — — — __ P9. XII. — 6520* 4240* 998016. XII. — — — 14240 —22. XII. — — — 4762 —19214. I. — — •— 660 —14. 1. — — — 4260 —19, J. — — -— 420 20
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Date Stn. L Stn. K Stn. G Stn. A Stn. J192127. I. — 920* 640* 615 200"3. II. — — — 1605 409. 11. — — — — 144016. II. — — — 406 14023. II. — 86* 150* 243 1807. III. — — — — 6014. III. — — 180 60 10024. III. 82 8 — — —31. III. — — 38 20 022. IV. — — 1160 400 —28. IV. 101 — — — -—-5. V. 62 1600* 800* 1100 2001. VI. 104 112 20 780 2415. VI. 550 — 324 6200 P28. VI. 36 36 620 13800 88011. VII. 1260 — — — ()18. VII. — — 570 4500 —1. VIII. 18 — __ __ —8. VIII. 10 2* __ ------- - p10. VIII. — — 1538 .1005 —22. VIII. 445 4 90 750 405. IX. 122 2 80 100* 4019. IX. 111 170 600 1204. X. 131 0 596 760 P21. X. — — — 024. X. 70 30* P 1680 —9. XI. 2350 __ 014. XI. — 10340 1930 p —19. XI. — — — 2950 —28. XI. 3165 532 370 1805 7860029. XI. — — __ 2321014. XII. 7410 3950 695 1720 79029. XII. — — — 4519225. 1. 1980 1820 338 292 —17. I. 2520* 892 3310 528 3031. I. 340* 237 15308. II. — — 312 410 —1. III. 560 464 256 238 9016. III. 3400* 2880 1610 1960 18229. III. 350 430 955 768 24818. IV. 65 150 320 1200 1608. V. 906 320 1760 360 80024. V. 880 400 600 800 08. VI. 105 148 10 P 20028. VI. — — 200 224 1005. VII. 163 240 __ — ■---14. VII. 89 50 312 140 p27. VII. 192 8 216 192 p21. VIII. 992 40* 780 720 43211. IX. 1154 140* 700 2400 2027. IX. no 52 260 140 410



Stn. KDate Stn. G Stn. A Stn. JStn. I,192216. X. __ __ 140 380 28020. X. 53 52 — — —13. XI. 230 83 170 70 10029. XI. 537 — 636* 940 201. XII. — 1R0 — — —8. XII. — — 4 10 380 016. XII. 1720 680 — — .—19234. 1. — — — 17780 011. I. 8480 .12340 — — —18. I. — __ __ 10580 —26. I. 6920 1770 — — 50012. II. — — — 180 023. III. — — — 315 1755The seasonal distribution of this species at Stn. A, from December, 1920, to March, 1923, is shown graphically on Plate XV. In the autumn of 1920 the numbers of D. gracilis remained low until the beginning of December, with the exception of an isolated large haul at Stn. H on November 24. A like phenomenon was observed at Stn. J in November, 1921, and both these cases will be dealt with later on. On December 9, at Stn. A, the numbers rose to 9,980, and by the 16th they had risen still further to 14,240. Following Inis brief maximum the numbers fell to below 1,000 on January 4. This decline coincided with the commencement of the winter floods on December 25. Following an increase to 4,260 on January 14, the numbers remained low at all Stations up to the beginning of June. At the end of this month there was a well marked maximum in the lake, the numbers at Stns. A and E reaching 13,800 and 27,560 respectively. This maximum was apparently confined to these two Stations alone, Stns. L, K, G and J showing but little increase over the figures for the preceding period of depression. On July it there was a slight increase in the R. Shannon, whilst the numbers at Stn. A were on the decline. On August 1, the first day of the brown flood, the numbers in the river had fallen to 18. On August 10, D. gracilis had declined still further at Stn. A whilst there was a slight increase at Stn. G. Subsequent to this the numbers remained low in both the river and the lake, being smallest at Stn. J. Early in November the numbers rose in the river, and increased steadily up to the middle of December when a maximum was reached (7,410). This increase was general at all Stations, particularly at Stn. K. The yellow flood which occurred on November 17 was apparently without effect on D. gracilis in the river and in the lake. On November 28, 78,600 specimens were taken at Stn. J. On the day following the number was 23,210. The first of these hauls is by far the biggest ever taken at this or any other Station, and is particularly remarkable as D. gracilis is usually less abundant
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at Stn. .J than elsewhere in the lake. There was no marked 
maximum at Stn. A corresponding to the winter maximum in 
lhe river, but the species remained in moderately large numbers 
until the end of May in both the lake and the river There was 
no summer maximum in the lake in 1922. In the winter of 
1922-23 there was a web marked maximum in the river and 
lake in January, 8,480 individuals ,,eing taken al Stn L on  
January 11 and 17,780 at Stn. A on January 4. In Februarv the 
numbers at fccn. A had fallen to 180. At Stn. J however, D. 
gracilis was practically absent throughout the winter.  ’

It would appear that the maximum of D. gracilis usually   
occurs in the winter months, both in the river and the’ lake 
In the i ivei a wintei maximum was observed in both the years 
during which observations were made, viz., 1921-22 and 1922-23.   
At Sfn. A the winter maximum was well marked in 1920-21 
and 1922-23, but was only feebly developed in 1921-22. At Stn. J this species was relatively scarce, except for the single well 
marked maximum in November, 1921. Only one summer maxi- mum was observed, that at Stns. A and E in June, 1921, but this 
maximum did not extend to the other Stations. 

One of the most remarkable characteristics of this species is 
its irregular numerical distribution in the lake. It was occasion 
ally present in exceptionally large numbers at one Station, and relatively scarce at adjacent Stations. The most striking of 
these occurrences are given in Table 32 below. 

* Surface net only.

Table 32.—Irregular Distribution of Diaptomus gracilis.Station 24. XI. 20* 28. VI. 21 28. X1.21A 1,200 13.800 1,805B 410 1,800 _C 2,920 — —D 57’2 — _
E 1,980 27,560 __
G — 620 370
H 18,440 —J 6,120 880 78,600
K — 36 532
L — .36 3,165

The numbers for Stn. H, on the cruises preceeding andfollowing that of November 24, 1920, i.e. on November 17 and 
December 1, were 0 and 540, respectively. In the last case, that 
of November 28, 1921, the numbers for Stn. J on the cruises 
preceding and following, on November 9 and December 14,  
were 0 and 790, respectively.

The seasonal distribution of this species in L. Derg agreesfairly closely with that observed by other authors. Burckhardt 
(1900, p. 299), in the Vierwaldstattersee, observed two maxima 
one in the spring and one in the winter. Similarly Haempel, 
in the Haltstlatter See (1918, p. 271) and in the Grundlsee (1922,

p. 466) finds two periods of maximum occurrence, one in June



I. ’26. 81and the other in September—October. In this country Dakin (1913, p. GO), in Lough Neagh, records again two maxima, one in the spring and the other in the autumn. The numbers appear to be high throughout the year and in this respect the behaviour of D. gracilis in L. Neagh differs from that in L. Derg where the numbers usually were small save at the maxima.
7L. Eurytemora velox (Lilljeborg).

Eurt/leniora ccIojl is the only species of the genus which 1-as been found in the course of the present investigations. It occurs not infrequently in the limnetic and littoral regions of both the R. Shannon and L. Derg. During the period October, 1920, to March, 1923, Eurytemora has only shown two well- defined periods of abundance, both of which occurred in the summer of 1921, the one in the river, the other in the lake. Had it not been for these, this form would have been regarded as a comparatively scarce one.Seasonal I)istribution.In Table 33 are shown the numbers of E. vrlo.i taken fluring 1921 in the R. Shannon (L) and in L. Derg (K, (1, A, J). These numbers represent the average of Standard Hauls at the surface and at the bottom, except where otherwise stated.
Mean of surface and bottom Standard Hauls in the R. Shannon 

(L) and in I,. Derg (K, G. A and J).
* = surface haul only.

Table 33.— Eurytemora velox.

Date Stn. 1. Stn. K Sin. (; Stn. A Stn. J192122. IV. — — 20 P __28. IV. 8 — — — —5. V. 20 OH 400* 1260 0I. VI. 450 IO 0 60 015. VI. 40596 — 0 152 028. VI. 5104 10 p 0 011. VII. 59400 — — — 018. VII. — — 0 P —1. VIII. 28 — — — —8. VIII. 56 2* — — 8210. VIIT. — — 1534 690 —22. VII1. 225 200 230 2200 1205. IX. 80 17 1780 2500* P19. IX. 46 17 — 15814 13604. X. 155 76 726 3520 P21. X. — — — -- - 130024. X. 1 78* 160 3200 —9. XI. 10 — — — 014. XI. — 0 165 150 —19. XI. — — — P —28. XI. 75 34 P 16 12514. XII. 120 10 5 60 1029. XII. — — — P



r. :26. 82During the latter part of 1920 Eurytemora was, for the most part, absent from the lake, a few specimens only being taken at somewhat irregular intervals. Up to the end of April of thp following year it was present to a small extent in some sixteen collections from nine separate Stations. In May there was a general increase in numbers and a single large haul of 1,200 was made at Stn. A. In June and July, however, the numbers dropped again except in the river. Here, in June, there was a large increase, and throughout this month and the early part of July, Eurytemora was extremely abundant. This maximum was confined to the R. Shannon, the numbers taken at the various lake Stations, including Stn. K, during this period being uniformly very low. By the first week of August the maximum in the river was over and the numbers had dropped almost to a minimum. On the 10th of this month, however, they commenced to rise in the lake, attaining a maximum in the middle of September. This maximum was general over the northern end of the lake and extended as far down as Stn. M, where 4 000 were taken on September 5. The greatest number taken at Stn \ was 15,814 on September 19. At the beginning of October the numbers fell and by the middle of November Eurytemor-i was again present to but a very small extent. Throughout th > winter months it remained scarce. eOn no subsequent occasion has Eurytemora been an imn taut constituent of the plankton. Usually the numbers tak « did not exceed 100. There was, however, an indication o/'n maximum in the lake at the beginning of May, 1922 760 sneri mens being taken at Sin. A, 160 at Stn. G, 80 and 74 at Stn K and L respectively, and 600 at Stn. M. This maximun/was of brief duration, the species being quite absent at all Station*  in the lake a fortnight later. In the river it persisted in small numbers from March to the end of the year. In general it was most abundant in the river and least so at Stn. J, occurring in 1922, in fourteen out of twenty collections at the former Station and in but three out of nineteen at the latter.Eurytemora has never been taken at Stn. Z and this fact coupled with its lower numbers at Stn. J than elsewhere in the lake make it fairly certain that the species is not concentrated by wind-drift, a state of affairs, moreover to be expected from a consideration of its vertical distribution (see below).The occurrence of Eurytemora in such exceptionally large numbers in the river during June and July, 1921, is one of the phenomena associated with the great drought prevailing at the time (vide p. 110). The distribution of the species, both in space and time, during 1921, shows a very remarkable resemblance to that of Bosmina longiroslris (vide p. 59). Both species appeared in the river in exceptionally large numbers in Juno. They were both practically eliminated by the August flood, and, in the autumn, both species became abundant in the lake. Eurytemora, however, differs from Bosmina longiroslris in that there was not a large spring maximum in 1922, as in the case of the latter snecies.The relatively greater abundance of Eurytemora al Sins. A 



I. ’26. 83and L, as compared with Stns. K, G and J is probably due to the greater depth at the two former Stations. The species was usually taken in much greater numbers in the bottom than in the surface nets as the following examples will show: —Station L Surface Bottom15. VI. 21 192 81,00028.VI. 21 207 10,00011. VI 1.21 2,000 116,800Station A19.1 X.21 8,400 23,2294.X. 21 1,600 5,44024.X. 21 4,800 1,600In a long series of observations on vertical distribution extending over six consecutive days, in August, 1922, Eurytemora was found to inhabit the lower levels during the hours of daylight. The Station was in the middle of the lake, over soundings of 26 metres. The total number of specimens taken was very small, and their vertical distribution was as follows : —Depth Number of Specimens0 — 2 m. 22 __ 5 m. 45 — 10 m. 210 — 15 m. 2015 — 20 m. 4920 — 25 m. 47This vertical distribution probably explains the relative scarcity of the species at the shallow Stations, and tends to preclude any possibility of its concentration by wind drift. On the other hand Eurytemora has been noted several times as “ very abundant ” in hand-net collections amongst the weeds on the banks of the R. Shannon during June and July, 1921, when it was, in fact, very abundant in the river. In 1922 in the same season, it was noted in similar situations as “ rare.”Comparative data for this species would appear to be scanty. According to Marsh (1918, p. 756) it does not occur in America. Van Don we (1909, p. 19) says that /?. v close occurs in the plankton of the North German lowland lakes. Quirmbach (1912, p. 455) records it from the plankton of the Dortmund-Ems Canal, where, in the summer, it comprised the bulk of the Copepoda.
7M. Cyclops strenuus, Fischer.Of the sixteen species of Cyclops which have been identified from L. Derg and the R. Shannon C. X/remnts is by far the commonest.Seasonal Distribution.In Table 34 are shown the numbers of Cyclops str emeus taken in the R. Shannon (L) and in L. Derg (K. G. A and J). These numbers represent the average of Standard Hauls at the surface and at the bottom, except where otherwise stated,



1. '26.Table 34.— Cyclops strenuus.Mean of surface and bottom Standard Hauls (I.) and in L. Derg (K, G, A and J). in the R. Shannon* = surface haul only.Date Stn. I. Stn. K Stn. G Stn. A Stn. J19225. 1. 210 130 186 136 —17. I. 780* 324 260 195 i 1031. I. 30* 39 50 — 258. II. — — 2461. III. 50 78 36 40 9016. III. 2200* 2560 580 530 15329. Ill. 220 320 575 984 134418. IV. 115 40 180 480 6108. V. 520 200 360 200 800024. V. 520 160 1000 2000 2-1008. VI. 20 P 0 • 100 10028. VI. — — 0 20 O5. VII. 24 0 P — —14. Vll. 1 P 32 10 p27. Vll. 14 0 128 2021. VIII. 16 0* 50 40 32II. IX. 96 60* 60 60 18027. IX. 0 36 10 40 12016. X. — — 0 40 10020. X. 5 10 — — __13. XI. 48 18 50 40 12024. XI. 27 ■ 62* 80 01. XII. — 170 — ___8. XII. — — G2 210 128016. XII. 280 80 — —19234. 1. — - — 980 80011. I. 1920 680 —.18. 1. — •-- — 124026. 1.i o i r 2660 500 — 210012. II. — — — 310 70023. III. — — — 118 1295In 1921 the numbers of C. strenuus, in the northern end of the lake, were, with very few exceptions, below 1,000 and there was no definite maximum. In 1922 and the early part of 1923 it was somewhat more abundant, and there were distinct indications of maxima in the spring and winter; or the data may be regarded as indicating a prolonged winter-spring maximum, beginning in December and continuing until May. The spring maximum was more obvious in the lake than in the river, whereas in the winter the numbers at Stn. L exceeded those at Stn. A.Records from Stations in the central part of L Derg show that C. strenuus is generally more abundant here than at the northern end. Table 35 gives the numbers at Stns. M and N. Figures for Stn, A are included for comparison.



1. ’26.Table 35.—Numbers of C. strenuus in the central part of L. Derg.Date1921 Stn. M Stn. X Stn. A28. IV. — 2,880 130 (22.1V)19. IX. 1,000 — 10019. XL 520 — 24013. XII. 1,200 1,680 1’19228. 11. __ 56 24618. IV. 4,840 — 4808. V. 4,050 — 2005. Vll. — 0 20 (28. VI)6. XII. — 11,900 240 (8.XII)On December 6, 1922, a cruise was made down the lake and four Stations visited. The depth at each was 5 metres and the figures for the Nansen net are thus directly comparable. The numbers of C. strenuHs captured on this occasion were :Stn. B Stn. E Stu. M (near) Stn. N (near) 0 1 5 644The above results, then, show plainly that Cyclops strenuus is found in the central area of L. Derg in larger numbers than in the northern end. The data were obtained, however, at too scattered intervals to draw conclusions as Io its seasonal distribution.The relative abundance of C. strenuus in the river and lake is discussed on p. 99. The conclusion arrived at there is that the river is a congenial habitat for this species. On this account therefore, the lower numbers in the northern end of the lake cannot be attributed to the effects of the river.The central area of the lake is generally deeper than lhe upper end and it is possible that this may influence the distribution of Cyclops. At the river Station the depth is 13 metres, and this also greatly exceeds that of the northern end of the lake. A study of the vertical distribution of Cyclops in daylight shows that it is only slightly more abundant in the lower levels than in the surface waters. In a scries of observations which were undertaken to investigate diurnal migration in the first week of August, 1922, the following results were obtained. The figures given represent the number per metre based on fifteen collections at each level.Level inmetres 0-2 2-5 5-10 10-15 15-20 20-25No. ofspecimens 74 16 19 34 66 82On May 24, 1921, a similar experiment was made but only covered one day. The number of Cyclops per metre at the different levels during the day-time is shown below: —
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7 N. Other Copepoda occurring in the Plankton.

Pachycyclops annulicornis (Koc)i), 
Cyclops albidtts, Sbhmeil.Occasional specimens of P. annuhcorms were found in townet collections from the lake and river tnoughout all three years. The majority, however, occurred in hauls made in the latter half of the year.

Mesocyclops obsoletus (Koch).
Cyclops Leuckarli, Claus.

Leptocyclops agilis (Koch).
Cyclops serrulalns, Fischer.

The above evidence, therefore, indicates that whilst G. 
strenuifs is not a deep water species, it is most abundant over deep water. Wesenberg-Lund (1908, p. 283), discussing the composition of the Baltic freshwater plankton, says of this species that it is common, but “ is throughout the whole zone a conspicuous winter and deep water form.” Dakin (1903, p. 59) states that Cyclops slrenuus occurs in the plankton of L. Neagh in large numbers. This lake averages 40 feet in depth over the greater part of its area.° As regards the seasonal distribution it is generally found that C slrenuus has two maxima in the year, one in the spring or" summer and one in the autumn. Thus Wesenberg-Lund (1904 p 42) records two maxima, in autumn and spring, the latter’being the smaller. Haempel, in the Hallstatter See (1918, n 972) and the Grundlsee (1922, p. 467), finds two maxima, one~in May the other in October or November Burckhardt hqoo n 989) in the Vierwaldstattersee, records two periods of maximum abundance. Dakin (1903 p. 59) finds a maximum in July and that from October to February the numbers were high From America there are no comparative data for this species, though it has been recorded by Marsh (191., p. 253) from the neighbourhood of New A oik.

Level inmetres 0-2 2-5 5-10 10-20 20-26No. ofspecimens 44 15 66 57 65

This rare species occurred in small numbers in the limnetic region of both L. Derg and the R. Shannon from July to 
December. 

With the exception of Cyclops slrenuits this representative 
of the Gyclopidae was the one most commonly met with in 
townet collections throughout the year. The actual number of specimens captured was small, however, rarely exceeding 200. 
In littoral collections L. agilis was almost invariably 

present.
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Platycyclops fimbriatus (Fischer).
Cyclops fi mbrial us (Fischer).This species, which was taken usually as isolated specimens throughout the year in both the river and lake, was more frequently taken in the bottom than in the surface townets and it is not considered to be a true limnetic species.

7 0. Mysis relicta, Loven.At the northern and shallower end of Lough Derg Mysis 
■relicta usually spends the hours of daylight on or very close to the bottom of the lake and is not, in consequence, captured by bottom Standard Hauls. In deeper waters it appears to live during the day time usually below 15-20 metres and may be taken in a bottom horizontal townet or in a vertical closing net. In both deep and shallow waler it ieaves the bottom al night and may be captured at any level right up to the surface. Since none of the Stations regularly visited exceeds 11 metres in depth it is inevitable that the data for this species are rather scanty, aiid it has not been possible to trace its seasonal distribution.Our observations, ’ based on townet and dredge collections, show that Mysis relicta is by no means uncommon in L. Derg, particularly in the deeper water, and that it has occurred in the R. Shannon. It has been taken, moreover, either in townets or in the stomachs of fish at all seasons of the year. The evidence provided by the examination of fish stomachs shows that Mysis is fairly common in the lake.On January 14, 1921, for the first time, several specimens were captured at Stn. A in the day time in a bottom Standard Haul. They must, therefore, have been at least 3 feet from the bottom. The majority of these individuals were gravid females. On January 19 and on February 9 other mature specimens were taken by day at Stn. A.A number of females taken on January 14 were transferred alive to an aquarium where they thrived, producing young on February 7. The first appearance of young in the lake was on February 9. Throughout the remainder of February and up to the middle of March larval mysids continued to be captured in Standard Hauls at Stns. A, H and E at both bottom and surface. Subsequent to March 14, 1921, no specimens were captured in the townets in the northern end of L. Derg.In the river, Mysis relicta occurred three times, on March 24, June 15 and July 11, 1921. On the first two occasions all those captured were young.During the winter of 1921-22 it was anticipated that breeding individuals would again make their appearance at Stations in the northern end of the lake, but none was observed. A solitary gravid female was taken at Stn. N on December 13, 1921, in a net fished horizontally at a depth of approximately 10 metres below the surface.It is evident, therefore, that Mysis relicta breeds in Lough Derg in the months of December and January, and that during 



I. ’26. 88the breeding season the mature individuals live at slightly higher levels in the day time than at other seasons, narval individuals live at all depths during the day.The occurrence of My sis relicla in the R. Shannon in the period March to July, 1921, is noteworthy. It has not been observed there on any other occasion, and is generally regarded as a species peculiar to lakes. The Stations where it was taken are within a mile from the northern end of the lake and the river at this place is very deep, soundings of 10-13 metres being registered. It is probable that the presence of Mysis in the river at that period is yet another phenomenon to be associated with the abnormal drought which then prevailed. 'The water level was low and the strength of the river current greatly reduced, and conditions in the river tended to approximate to those in the lake. 8. THE PERIODICITY OF THE PLANKTON.There is a very general agreement that seasonal changes in the amount of the plankton culminate in two annual maxima, one in the spring, the other in the autumn, with intervening periods of minimum production, that in the winter months bein<r the more marked. So long as the data on which these opinions were based consisted of enumerations of individuals or measurements of volume, there was an element of uncertainty The recent valuable researches of Birge and Juday (1922) now afford a basis of more exact observations. Our knowledge is still imperfect in so lar as it is concerned only with the standing crop of plankton and affords no means of estimating the annual production.It appears probable that ideas as to the size of the vernal and autumnal maxima which were based on townet catches wore somewhat exaggerated, owing to the fact that small species composing the nannoplankton, which are fairly abundant during the summer months, are not taken to any great extent in I he townet. The dominant species amongst the Kntoniostraca, however, mostly have two fairly well defined maxima during the year.Various reasons have been advanced to account for the vernal and autumnal maxima. The periods of complete circulation of the water in the spring and autumn preceding and following the thermal stratification and development of the thermocline, resulting in the release of food materials stored in the hypolimnion, are considered by Whipple (1914, p. 169) and by Birge and Juday (1922, p. 2) to favour the rapid development of the plankton, leading to the vernal and autumnal maxima. But in many lakes, such as L. Derg, a thermocline is not developed. Whilst the temperature of the water is undoubtedly a limiting factor for certain species, it has apparently very little influence on others. The vernal increase of diatoms in the R. Shannon and in L. Derg is obvious some time before the water temperature begins to rise. The increase of sunlight in February and March is probably an important factor in this increase. Atkins and Harris (1924, p. 20) say : “ The rapid 



I. ’26. <89increase in plankton in the spring is associated with the increase in light rather than with increase in temperature; the latter may even fall while the pH value continues to rise.” Pearsall (1923) discusses the relation between diatom periodicity and floods and concludes (p. 182) “ The evidence considered in the preceding pages is clearly consistent with the view that diatom periodicity is largely conditioned by Hoods, which affect the Algae through their effects on the substances dissolved in the water, particularly in respect to nitrates, silica and oxygen.” In the same paper (p. 165) he points out that temperature appears to have little importance in determining diatom periodicity.Atkins and Harris (1924, p. 19) affirm that the supply of phosphate limits the growth of Algae.The periodicity of the Kntomostraca is probably only very indirectly influenced by the substances dissolved in the water. Recent investigations of Naumann have shown that those Cladocera which constitute the greater part of the zooplankton do not feed directly on the phytoplankton to any great extent. Their food is the fine detritus, part of which is produced in the lake and part brought in by th<> inflowing streams. The periodicity of certain species, such as Bosmina coregoni and 
Bosmina longirostris on the one hand, and Leptodora and Bytho- lrephes on the other, is correlated with the temperature of the water. The abundance of the Cladocera is correlated with the amount of detritus in the water, and this is increased after floods. The vernal maximum follows some time after the gre it winter floods.In every locality it is possible to find peculiar conditions which appear to favour maximum production of the Entomos- traca. For instance, in L. Derg and the R. Shannon, the vernal maximum is probably due, to some extent, to the gradual inflow of the water from the extensive tracts which are submerged by the winter Hood. In the autumn, the decay of the reed beds which fringe the river and lake contributes a large amount of detritus which becomes available as food for the Cladocera. 'I'he stems of the reeds are thickly coated with detritus and diatoms, which tend to be set free by the first autumn flood.A comparison of the numbers of individuals of various species present during the periods of maximum abundance in L. Derg yielded interesting results. It was found that in the case of those commonly occurring species which showed two annual maxima, relatively “ large ” and “ small ” maxima alternated in pairs. That is to say, two “ large ” maxima followed two “ small ” maxima. The four species which fall into this category are Daphnia longispina. Bosmina longirostris. Bosmina 

coregoni and Diaptomvs gracilis. The only other species which are regularly present in large numbers are Leptodora Kindtii and Bgthotrephes longirnam/s. and these two species have only a single annual maximum. Tn Table 36 are set out the highest numbers taken at the times of greatest abundance from the autumn of 1920 to the close of 1922. The figures represent the average of surface and bottom hauls of the M.S.N. at Stns. G 
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and A combined. In Lhe case of Diaptomus, the maxima occur 
in the summer and winter.

One species may be having a “ large ” maximum when 
another is having a “ small ” maximum, so that the responsible 
factor cannot be some external cause such as food supply or 
hydrographical conditions, common to all the species.

The results, though surprising, are hardly sufficient at 
present to justify any deductions. The data for comparison

22 Autum
n Small 18,660 Small 703 Small 9.000 Large 17.780

19!
Spring Large 164.51

0 Large 6,240 Small 6,200 Small 2.080

21 Autum
n Large 164,51
0 Large 7.033 Large 25,300 Small 3,130

19
Spring Small 53.235 Small 185 Large 65.500 Large 7.669

1920 Autum
n Small 47,620 Small

? Not counted Small 9,493 Large 9,240

Species
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1. ’26. 91are meagre, as very few investigations have been carried on for more than one year. The results obtained by Birge (1897) in L. Mendota and Marsh (1903) in L. Winnebago and Green L. have been examined from this point of view. In deciding whether any particular maximum is “ large ” or “ small,” it must be compared with the maxima at the same season in other years, that is to say, a spring maximum is to be compared with other spring maxima, and an autumn maximum with other autumn maxima. A “ small ” spring maximum may well be larger than a “ large ” autumn maximum.In L. Mendota, four species of Crustacea had two annual maxima, and their greatest numbers during these periods are set out in Table 37. Of the four species, Daphnia 
hyalina definitely does not show paired maxima. The two copepods Diaptomus oregonensis and Cyclops brevis- 
pinosus do show them, though not very obviously. Daphnia 
pulexy var. pzdicaria, however, shows them in a very striking way. Birge mentions (1897, p. 342) that in 1897, this species was scarce in the spring and abundant in the late summer, so that for a period of four years the maxima were in pairs alternately large and small. In a discussion of the peculiar periodicity of this species in L. Mendota, Birge says (p. 341) that it “ has a biennial period of development extending from July of one year to July of the next, followed by a year in which the species is either absent or its numbers are exceedingly small.” On p. 344 he says: “ It would seem necessary to suppose that ephippial eggs deposited in June and July of one year remain unhatched for nearly a year. This is a very long period, and I have no direct observations which would make the conclusion certain.”In L. Winnebago and Green L., Marsh found three species which regularly had two annual maxima, and their greatest numbers during these periods are set out in Table 38. Though the figures for Diaptomus are rather indefinite, those for Bosmina and Ghydorus are significant.With the uata at our disposal, it is not at present possible to give any satisfactory explanation of these phenomena. The suggestion of Birge, in the case of Daphnia pulicaria, that the peculiar periodicity of this species may be due to the ephippial eggs remaining unhatched for nearly a year, can hardly be a valid explanation, as the Copepoda do not produce ephippial eggs, though it must be admitted that the Copepoda do not furnish such striking cases of paired maxima as do the Cladocera. Moreover, though immense numbers of Bosmina from L. Derg were carefully scrutinised to distinguish B. coregoni from B. 

longirostris only two males were observed.In Section 7, when dealing with the periodicity of the individual species of Crustacea composing the plankton, we have sought to account in various ways for the non-appearance of expected maxima and for variations in the size and date of maxima, and in particular, the agency of floods in the river has been invoked. The phenomena described above may be con-



* Maximum probably over before this date

Table 37.—Comparison of Maxima in L. 
surface.

Mendota. The figures represent thousands per square metre of

1894 1895 1896Diaptomus oregonensis July 16-31298.9 Large ?* Oct. 1-1567.5 Small June 1-15 285.Small Sept. 16-30 331.Large [une 16-30386.2Large Sept. 16-3U163.4 Small
Cyclops spp. chiefly C. brevispinosus — Oct. 1-15347.1 p May 16-31944.4Small Oct. 1-15327.5Small Mav 1-151858.4Large Oct. 19-31469.5Large
Daphnia hyalina — Oct. 16-31252.5 June 1-15319.2 July 16-31275.3 July 1-15319. Oct. 16-31511.5
Laphnia pulex, var. pulicaria MayAbundant ? Large DecemberAbsentSmall MayAbsentSmall Dec. 1-15141.1Large May 16-31533.6I -a rge Dec. 1-15ScarceSmall

strued as indicating the operation of some other factor which 
controls the size of maxima.

Table 38—Comparison of Maxima in L. Winnebago and Green L.

1899 1900 1901Diaptomus oregonensis in L. Winnebago July 26-Aug. 154,978 Large Xov. 439,984Large Aug. 2234,272Small Nov. 621,182Small June 8‘ 48,5521 ,arge Sept. 13119,000Large
Bosmina sp. in Green L. July 1653,312Small Xov. 27173,264Large July 2635,936Large Nov. 1059,024 Small Aug. 39,520Small Dec. 9165,648Large
Chydorus sphaericus in I.. Winnebago Aug. 9-1528,560 Small Nov. 254,522Small July 28 118,048I.arge Nov. 6133,518 Large July 27 ‘ 21', 896 Small Nov. 23,808Small
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9. INFLUENCE OF THE RIVER SHANNON

9A. Introduction.The Shannon is the largest river in Great Britain and Ireland. After entering L. Derg it does not receive any tributaries of great importance, so that the river just above L. Derg, the part with which we are chiefly concerned, is almost as large as it is when it enters the estuary. L. Derg being comparatively a narrow lake, and the volume of water entering it, especially during floods, being relatively very large, it would naturally he expected that the plankton of the lake would be affected, in a varying degree, by the inflow of the river, particularly at the northern end. This assumption would be strengthened if it could be shown that the plankton of the river normally differs from that of the lake. It is proposed, in this section, to compare the plankton of the R. Shannon with that of L. Derg, to consider the effects on the plankton of floods and droughts, and generally to indicate the factors responsible for any observed differences which have been noted.
9B. Comparison of the Plankton of the R. Shannon 

with that of L. Derg.Total Plankton.In Table io the volume of the plankton taken in the F.S.N. in 1921 is given for the river (Stn. L) and for the lake (Stns. A, .1 and G). For the period March 31 to the end of the year, during which the figures are comparable, the average vol nine of the catch was 7.5 cc. at Stn. L, 11.77 cc. at Stn. A, 11.84 cc. at Stn. G, and 19.47 cc. at Stn. J. The figure for Stn. J is especially high, owing to the concentration of certain species of Cladocera by the wind, and the figures for Stns. A and G, which agree very closely, may be taken as typical for the northern end of the lake. The average figure for the R. Shannon is probably an abnormally high one, as the zooplankton was unusually abundant during the period of the great drought. The method of estimating the quantity of plankton by measuring the volume after settling is, of course, crude in the extreme, but it suffices so show in this case that the amount of plankton in the river is decidedly less than in the lake. The Crustacea of the plankton, as shown below, are much more abundant in the lake than in the river, and it may be inferred that the phytoplankton in the river is relatively higher as compared with that of the lake than the total plankton. This inference is supported by the results of the centrifuge counts.Centrifuge Plankton.For the year 1922 the numbers of individuals composing the phytoplankton as determined by the centrifuge, in the river and the lake (Stn. A) are available for comparison. A graph of the centrifuge plankton and of the major groups composing it, in the river, is given on Plate VIII,



r. 26. 95Table 39 shows the total number of individuals composing- the centrifuge plankton per cubic metre of water, usually at Stn. A, in 1922, so far as figures are at present available, together with the number in the river on the same date.
Table 39.—Comparison of the Centrifuge Plankton of L. Derg and the R. Shannon. Numbers per cubic metre.
* = Surface only.

Date 
1922.

5.1.

Lake

10,920,000*

River

8,080,000

Remarks

19.1. 14,120,000* 15,720,000
8.11.

16.11.

66,000,000
51,544,000 (Stn.N.)
46,300,,000*

33,000,000

42,947,000

Difference chiefly clue 
to diatoms.

1.1II. 272,200,000* 183,300,000 Composed chiefly of 
diatoms.

16.111. 140,800,000 163,800,000
29.111. 137,800,000 119,000,000 nf'
18. IV. 141,200,000 149,100,000
8.V. 79,300,000 (Stn.M.) 203, 100.000 Difference chiefly clue 

to diatoms.
R.VI. 45,000,000 90,800,000 Difference chiefly chic 

to diatoms and Fla
gellata.

28. VI. 67,200,000 106,000,000 Difference chiefly due 
to diatoms and 
< hlorophyceae.27.VI I. 161,600,000 251,000,000 Do. Do. Do.28. IX. 84,600,000 54,600.000 Difference chiefly clue 
to Flagellata and 
Ciliata.24.X 1. 101,200,000 85,000,000 Difference chiefly clue 
to Flagellata.

6. XII. 94,000,000 85,600,000

In .January and early February the phytoplankton is low, and there is no striking difference between the river and the lake. Towards the end of February there is an enormous increase in the number of diatoms both in river and lake, the same species, in varying proportions, being responsible. From May to July the river is richer than the lake, especially in small diatoms. In June, small flagellates like Mallomonas were much more abundant in the river than in the lake. During the summer, however, Dinobryon diver gens and D. stipitatinn were present in the lake in much larger numbers than in the river. In July, diatoms were still in excess in the river, especially Rhizosolenia and Synedra, as well as the green Algae Ankistrodesmus and Mougeotia, whilst the green flagellates were in excess in the lake. In September and November there is not much difference, except that the green flagellates are still more abundant in the lake.



1. ’26. 96On the whole it would seem that there is no great difference in the total amount of the centrifuge plankton produced per unit volume of water in the river and the lake, except during the late spring and summer months. This period coincides with the vernal maximum of Entomostraca in the lake.Rotifera.In Table 40 the total numbers of Rotifera taken in vertical hauls of the Diatom Net at various Stations in the lake are shown, the number representing the catch per metre hauled (10 litres). The corresponding figure for the river is also given.
Table 40.—Comparison of numbers of Rotifera in L. Derg and  the R. Shannon. 

Date Lake River
1921 

1922
5. I.
8. II.

16. III.
29. TIT.
18. TV.
8. V.

25. V.
8. VI.

28. VT.
14. VTT.
27. VII.
21. VTTT
11. IX.
16. X.
13. XT.
24. XT.

6. XTT.

19234. I.

510 (Stn. A)
501 (Stn. M)
385 (Stn. N)

399

86 (Stn. A) 400
1 17 (Stn. G) 272

215 (Stn. X)
012 (Stn. A) 1,187
462 (Stn. A) 1,110
455 (Stn. A) 572
742 (Stn. A) 760

1,010 (Stn. M)
1,388 (Stn. J)

930 (Stn. A) 360726 (Stn. A) 3523,350 (Stn. A)
4,810 (Stn. A) 1,540

1,0321,932 (Stn. A) 1.452378 (Stn. A) 6321,818 (Stn. A) 235
847 (Stn. A) 440
980 (Stn. A) 410
536 (Stn. A) 600

1,360 (Stn. B) 432
1,184 (Stn. E)
1,296 (Stn. M)
1,560 (Stn. N)
1,358 (Stn. A)

185 (Stn. A) 204It would seem that during the winter flood and early spring the Rotifera in the river are ecjual to or more numerous than those in the lake, but from late spring (May) to late autumn (December) the Rotifera are much more numerous in the lake than in the river.During the winter and early spring the various species are present in very much the same proportion in the river as in the 



1. ’2G. 97lake, but in the summer months marked differences were observed. For instance, in Table 41 are given the numbers of Rotifera per cubic metre of water at Stn. A and in the river on .lune 28, 1922.Table 41.—Rotifera in L. Derg (Stn. A) and in the R. Shannon (Hayes Channel) on .lune 28, 1922. Numbers per cubic metre of water.Species I., Derg (Stn. A) R. ShannonConocbilus sp. 3,500 . 0Asplancbna priodonta 1,500 . 0Synchaeta tremula 0 15,000Synchaeta pectinata 54,000 4,000Triarthra longiseta 500 2,200Polyarthra platyptera 126,000 28,100Diurella porcelhis 3,000 500Kattuhis sp. 9,000 500Euchlanais dilatata 27,500 1,800Anuraea aculeata 500 1,000Anuraea cochlearis 63,500 21,600Notholca longispina 14,500 01’loesoma truncatum 14,500 5,300Gastropus sty lifer .11,000 0Ana pus testudo 0 1,200Rotifera indet. 6,000 72,800*Total 335,000 154,000* Strongly contracted soft-bodied forms.In .July, Polyarthra platyptera, Anuraea cochlearis and 
Notholca longispina are much more abundant in the lake than in the river. In September, colonies of Conochilvs volvox were present in large numbers in the lake, but comparatively rare in the river.The average number per metre haul (10 litres) taken at 28 Stations in the lake was 1,065, the corresponding figure for 19 Stations in the river being 652.At the series of Stations taken down the lake on December 6th, the horizontal distribution of the Rotifera was found to be very uniform, the average deviation from the mean being only 6.6%, and the range of deviation being only 27.8%.Crustacea.Under each of the more abundant species (p. 51) the numbers of specimens taken in Standard Hauls in the river and the lake from the autumn of 1920 to March, 1923, are given in detail.In Table 42 the total Crustacea taken in the R. Shannon and L Derg (Stn. A) are compared, the figures representing the average of surface and bottom Standard Hauls of the M.S.N. for the period from March 24, 1921, to January 26, 1923.



1. ’26.Table 42.—Comparison of the Catch of Total Crustacea in the R. Shannon and in L. Derg (Stn. A).Date R. Shannon L. Derg Date R. Shannon L. Derg241.III. 21 167 21,940 l.III. 22 1,090 67228. IV. 21 422 15,470 16.III. 22 13,100 6,1406.V. 21 550 155,700 30.111. 22 2,930 8,672l.VI. 21 1,354 20,640 20. IV. 22 1,230 22,76015. VI. 21 48,328 32,744 8.V. 22 3,088 57,96028. VI. 21 53,740 50,400 24. V. 22 4,990 255,20011.Vll. 21 71,740 76,277 8. VI. 22 1,025 111,300l.VIII. 21 2,226 __ 5. Vll. 22 1,547 15,8488. VIII. 21 580 6,000 14. VI I. 22 361 20,32022. VIII. 21 1,318 14,660 27. VII. 22 1,134 60,4805. IX. 21 1,347 15,900 21.VIII. 22 (>,896 20,00019. IX. 21 535 45,259 11. IX. 22 3,396 19,8004.X. 21 2,641 80,640 27. IX. 22 2,302 18,32024.X. 21 182 234,800 20.X. 22 285 3,5609. XI. 21 3,520 201,950 13. XI. 22 390 4,37029. XI. 21 4,110 2,770 25. XI. 22 632 34,66015. XI I. 21 9,030 84,820 16. XI I. 2,370 32,4204.1. 22 2,580 1,110 11.1. 23 12,390 31,42017.1. '31.1. 2222 3,480490 8911,188 26.1. 23 12,140 16.790
The average number per haul is 7,170 in the river and 47,470 in the lake, so that during this period the plankton Crustacea were approximately seven times as abundant in the lake as in the river. The proportion differs for each species, as shown in Table 43.Table 43.—Comparison of the Average Catch of Certain Species ofCrustacea in the R. Shannon and in L. Derg (Stn. A).Species Average in River Average in Lake RatioDaphnia longispina 483 34,714 1 to 71.9Bosmina longirostris 1,659 1,081 1 to 0.65Bosmina coregoni 101 7,036 1 to 69.7Diaptomus gracilis 1,225 1,993 1 to 1.6Eurytemora velox 2,852 808 1 to 0.28Cyclops strenuus 317 317 1 to 1Total Crustacea 7,170 47,470 1 to 6.6The comparison of such average figures as are given in Tables 42 and 43 does not give a fair impression of the normal differences between the river and the lake. The average figure for the river is raised enormously by the catch on three occasions, viz., 44,220 specimens of Bosmina longirostris on June 28, 1921, and 40,596 and 59,400 specimens of Euri/tamora velo.r on Juno 15 and July 11, 1921, respectively. If these three records are omitted, the average catch for the two years is reduced to 2,939. and the ratio of the total Crustacea of the river to those of lhe lake is reduced from I : 6.6 to 1 : 16. As described elsewhere, the plankton in the river, during the period when these large catches were made, was unusually rich, owing to the prolonged drought.
Daphnia longispina (p. 51) was never abundant in the river, 



I. '26. 99the largest haul being 3,906 on .June 15, 1921. In the lake it is Lhe dominant species.
Bosmina longirostris (p. 59) is usually present in the river, and may occur in large numbers. On the whole it is more abundant in the river than in the limnetic region of the lake where it may be rare or absent for long periods.
Bosmina coregoni (p. 63) is generally present in the river, hut only in small numbers. In the lake it frequently occurs in very large numbers.
Bythotrephes longimanus (p. 69) is fairly abundant in the Lake during the period of its occurrence, but in the river it was only noted on two occasions when a few specimens were taken, so that it must he regarded as a lake species, unfitted for life in the river.
Leptodora Kindtii (p. 71) is a conspicuous species in the summer plankton of the lake. IL was present in the river in 1921 in considerable numbers, though not so abundant nor so prolonged in its occurrence as in the lake. In 1922 it was scarce in the river.
Diaptomus gracilis (p. 76) is always present in the river and may occur in large numbers during the winter months. It is almost as abundant in the river as in the lake.
Eurytemora velo.r (p. 81) is usually present in the river at all seasons of the year, and in .June and July, 1921, it was very abundant there. At that time it was practically absent from the lake where the maximum occurred in Lhe autumn. It appears to be more uniformly present and in greater numbers in the river than in the lake.
Cyclops strenmts (p. 83) is usually present both in the river and in the northern part of the lake, and in approximately similar numbers. 'There is some evidence that this species is more abundant in the central and southern parts of the lake.
Mgsis relicta (p. 87) has hitherto been regarded as a typically lacustrine species, but in 1921 it was found in Lhe river, within a mile of the lake, from March to July. It was not found there on any other occasion.Whilst the total crustacean plankton of the river is much less than that of the lake, the number of species composing it is usually greater. This would naturally be expected, as in the river the hauls are made much nearer the shore and the species normally living in the reeds along the bank are liable to be swept into the current. In Table 44 are set forth the results of a series of vertical hauls of the isansen net, taken on October 8, 1921. The first was taken in the southern end of Lough Ree, the second in the R. Shannon, half a mile below L. Ree, the third in the river at Clonmacnoise, 8 miles below Athlone, the fourth at Meelick, 20 miles below Athlone and 8 miles above L. Derg. For comparison with these figures, the result of a similar series of vertical hauls of the same net in the R. Shannon, half a mile above L. Derg, and at eight Stations ir. the northern part of L. Derg, on October 4, are given. The depth through which the net was hauled is indicated after the Station.



100

N
et i

n L
. R

ee
, th

e R
- S

ha
nn

on
 an

d b
. D

er
g 

m
 

I able
 44

.—
Cr

us
ta

ce
a t

ak
en

 in
 V

er
tic

al
 H

au
ls 

of
 th

e N
an

se
n i

O
ct

ob
er

, 19
21

.

I. ’26.

Species
Daphn

ia longispina 
Bosmin

a coregoni 
Bosmin

a longirostris 
C'eriod

aphnia
 pulchella 

Diapto
mus gracili

s 
Euryte

mora velox Cyclop
s strenuus 

T.eptoc
yclops agilis 

?\Iesoc
yclops oitho

noides 
Other species Total Averag

e no. per metre
 

Numbe
r of species

South end of 
L. Ree, 8 ni.

R. Shannon at
A th lone, 2 m.

R. Shannon at
('lonmacnoise, 8 ni.

R. Shannon at
Meelick, 6 m.

R. Shannon above 
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Stn. B, 5 m.

Stn. A, 10 in.

Stn. Is, 4.5 in.

Stn. G, I in.

1 Stn. D, 4 in. >

* Stn. H, 4 in. 

~ Stn. J, 3.5 m.



1. ’26. 101The totals for the four river Stations are much lower than those of either L. Ree or L. Derg and the number per metre diminishes as one goes southwards from L. Ree, reaching a minimum of only 2.5 per metre at Meelick. Just above L. Derg the number rises again. Diaptomus gracilis, the dominant form in L. Ree, is present only in small numbers in the river and L. Derg, and the scarcity of Daphnia longispina and Bosmina core
goni in the river is clearly shown. The absence of both species of Bosmina from the southern part of L. Ree is noteworthy. The rare species Mesocyclops oithonoides was only found at the three river Stations below L. Ree. On the other hand, whilst the number of species taken in each haul is fairly constant in L. Derg, ranging from 7-9, the number taken in the river at Clonmacnoise was 16 and at Athlone 11.

96. The Effects of Floods on the Plankton of the River 
Shannon and Lough Derg.In Section 5 B, p. 25, details have been given of the rainfall, water-level and floods in the R. Shannon. In the present section the effects of these floods on the plankton of tne river and lake will be considered. There is always danger in ascribing to a flood the responsibility for some subsequently observed change in the plankton. Rapid changes have undoubtedly been noted in the character of the plankton when there have been no floods. During its period of increase or decline, a particular species may vary enormously in numbers in the time between two consecutive observations, this interval being usually at least a fortnight. A flood may occur, and usually does, at a time when one or more species is rapidly advancing towards or declining from its period of maximum abundance- In order to avoid the selection of floods the effects of which might lend support to any particular bias of mind, the effects of all the brown floods which have occurred during the period of these investigations have been considered. The observations are not all of equal value, as on several occasions series of Stations were done just before a particular flood and as soon after it as possible, in order to determine its immediate effects. On other occasions, I he observations are so far removed from the date of the flood that they are of little value.Brown Floods.After a heavy rainfall, especially when it succeeds a period of drought, the river water is so loaded with silt and debris as to appear distinctly brown or yellowish brown in colour. Higher up the river, Lough Ree acts as an area of sedimentation, and consequently the R. Shannon at and below Athlone is never so charged with silt as to be obviously coloured by it. The brown floods which came under our observation were due, so far as we could ascertain, to the silt carried into the Shannon by the Little Brosna which enters the main river at Meelick, 7 miles above Hayes Island, but it is highly probable that the R. Suck,



I. ’26. 102which enters the Shannon at Shannonbridge, 19 miles above Hayes Island, and the R. Brosna which enters at Shannon Harbour, 14 miles above Hayes Island, contribute their share of silt to the brown floods. During and after a flood, lhe discoloured water could be traced down the lake so far as Stn. M, 7 miles distant from the entrance of lhe river, and the colour was especially noticeable in that region of the lake where the current caused by the river was most obvious. This current passes over Stn. 13, over and a little to the east of Stn. A, and over Stn. E. On one occasion a strong south-west wind carried the discoloured water as far up Slevoir Bay as Stn. .1.** /Another source of the silt in the river water during and after a dnn.1 is to be found in the extensive beds of Phragmites which Mn J the river banks. The stems of this plant are thickly covered with a deposit of line silt and diatoms, especially in the niitumn and much of this is washed off during a flood. I he |U • of’the lake are also usually filled with thick growths of Pbraainites and they contribute a large amount of sill to the cifer after storms. 'Vhe silt derived from this source must be an important contribution to the food supply of the Crustacea of the plankton. . . ...(>nt is greatly increased by a Hood, "The speed of the river current is greatly increased bya flood,  but no measurements are available. The water in the river  where our observations were made is, of course, being con- stantly renewed, and this renewal proceeds at a much morerapid rateduring periods of flood. Consequently, observationson the effects of floods on the plankton are of very doubtfulsignificance unless takenhe river Station where thehauls were made may have come from an area not affected by the brown flood, bringing its own plankton with it. The coloured watermay be observed in the northern end of the lake for   several days after the river water has cleared. The flood  water takes from 1 to 4 days to travel from Meelick to Hayes  Island, a distance of 7 miles
 The dissolved oxygen in the river water was only slightly  

reduced during a flood. For instance, during the brown flood  of December16, 1922, the oxygen content was 79.6% of saturation, 
whilst the week before, it was 87.2% and the week after it was 

84.5%. Similarly, the pH value was only slightly affected. For

the same flood the ph value was 7.9 the week before it was 8.05 and the week after it was 8
The most obvious effect of a flood is on the amon in the water (vide p. 29). The limit of visibility of thl Silt 

disc, in the river, ranges normally from 2 to 2.9 metres e T5>ec9Hi 
a brown flood it may be only 0.6 metres, and probably ft • l,rin& 
not represent the extreme limit of turbidity. ' inis f,Oes

The First Brown Flood, the effects of which won i occurred on August 1-5, 1921. This year was remnrt h ed’ 
lhe prolonged and widespread drought, and during thn , for 
six months only 8.6 inches of rain had fallen The ?• ecedin" 
been abnormally low for many weeks, and the currenfIVG1 had 
duced to a minimum. On the four days preceding the n’"



1. ‘26. 103inches of rain fell, and the river rose 6 inches. There was doubtless a great accumulation of dust all over the country-side, which would be washed into the river by the rain. The brown flood appeared at Hayes Island on August 1, and on tnat day a series of observations was taken in the river. A white saucer lowered into the water disappeared at a depth of 0.32 metres. A comparison of Lhe catch of Standard Hauls of the M.S.N. (average of surface and bottom hauls) before, during and after the flood will show its effects on tlie plankton Crustacea in lhe river ('Table /i5).
Table 45.—Crustacea in the R. Shannon before, during and after the First Brown Flood of August I. 1921.

Species Before Flood During Flood After Flood11. VI I. 21 1. VIII. 21 8. VIII. 21
Daphnia longispina 2,940 66 84
Ceriodaphnia pulchella 20 118 95Bosmina longirostris 240 268 196
Leptodora Kindtii 6,840 1,696 43Other Cladocera 20 0 55
Diaptomus gracilis 1,260 18 10
Eurytemora velox 59,400 28 56
Cyclops strenuus 720 2 13
Other Copepoda 300 30 28

Total 71,740 2,226 580In the lake, the dates of the observations are not so close to that of the flood as in the river, but there the lime interval is not so important. The results of Standard Hauls at Stn. A and Stn. J, before and after the flood, are shown in Table 46.
Table 46.—Crustacea in L. Derg before and after the First Brown Flood of August 1, 1921.

Stn. A Stn. J

Species

Daphnia longispina 
Ceriodaphnia pulchella 
Bosmina longirostris 
Leptodora Kindtii 
Bythotrephes longimanus 
Other Cladocera

Diaptomus gracilis 
Eurytemora velox
Cyclops strenuus
Other Copepoda

Total

Before After Before AfterFlood Flood Flood Flood18. VII.21 10. VII 1.21 11.VII.21 8. VI11.21
70,310 1,905 61,520 6320 75 0 400 285 present 871,300 1.140 7.960 3,280   83 0 1,280 00 75 0 27

4,500 1,005 0 presentpresent 690 0 8283 60 0 670 705 0 130
76,276 6,000 70,760 4,345



I. 26. 104The figures given in these two tables apparently show the devastating effect of the flood on the Crustacea of the plankton. On analysis, however, this impression has to he modified considerably. The drop in the figures for the lake has a parallel in the following year, when there was no August flood. That is to say, there was, in both years, a maximum in July and a decline in August. The fall, however, is greater in 1921 than in 1922. Moreover, in 1922 Daphnia remained high at Stn. J, whereas in 1921 it was almost wiped out. In the river, the conditions in 1921 were evidently quite abnormal. Probably on account of the prolonged drought, Daphnia. longispina, Lepto
dora Kindtii and Eurytemora velox had, for some weeks, been present in much greater numbers than were ever noted at any other time during the period of the investigations. Bosmina 
longirostris was also present in abnormally large numbers in June, but had already almost disappeared before the Hood arrived. The conclusion, however, appears to be inevitable, that the August flood put an end to the abnormal conditions arising from the prolonged drought and reduced the numbers of Crustacea to those normally present in the river water. 
Leptodora Kindtii was greatly reduced in the river, where it is not normally abundant, but was not very much affected in the lake. Diaptomus gracilis was also reduced in the river, and to a much smaller degree in the lake. Bythotrephes longimanus does not occur in lhe river. In the limnetic region of the lake it appears to have been exterminated by the Hood. It was never found after July, though in 1920 and 1922 it persisted until November.The Second Brown Flood occurred on November 17 1921. After the August flood the Crustacea in the river remained low for some time until, in November and December, there was a maximum, chiefly due to Diaptomus gracilis. In the lake the fall in August was followed by a gradual rise to the autumn maximum in October and early November, chiefly due to Daphnia 
longispina and—to a lesser degree—coregoni. Krom October 4 to November 14, a period of 41 days, 2.8 inches of rain 
fell, and the river was at summer level, bn November 15 the rainfall was 0.71 inches, and the river rose 6 inches during the three following days. On November 17 a thick brown flood appeared at Hayes Island, and the limit of visibility of the Secchi disc was 0.41 metres. A special series of observations to ascertain the effects of the flood on the plankton of the lake was made on November 19. On that date the river water, though still rather turbid, had lost its brown colour. The brown water was found in the northern part of the lake and was traced southwards for miles to Hagan Rock. South of this the water was clear and observations were made at Stn. M, in an area not yet affected by the flood water.Considering the river first, the results of Standard Hauls of the M.S.N., before and after the flood, are given in Table 47.



1. ’26. 10&Table 47.—Crustacea in the R. Shannon before and after theSecond Brown Flood of November 17, 1921.
Species Before the Flood After the Flood9. XI. 21 29. XI. 21

Daphnia longispina 650 105Ceriodaphnia pulchella 80 0Bosmina longirostris 70 180Bosmina coregoni 0 90Other Cladocera 50 75
Diaptomus gracilis 2,350 3,165
Eurytemora velox 10 75
Cyclops strenuus 270 375
Other Copepoda 40 45

Total 3,520 4,110These figures convey very little information. The observations are too far removed in time from the date of the flood and the numbers of individuals too small. It is apparent, however, that Diaptomus was not seriously affected by the flood.The phytoplankton was not very abundant before the flood, and does not appear to have been greatly affected by it, except the two species Oscillatoria Aghardii which fell from 44,000,000 per cubic metre of water on November 11 to 3,342,000 on November 18, and Mougeotia sp. which fell from 792,000 to (56,000. Il is probable that the normal decline of these two species was hastened by the flood.As regards the lake the observations are fortunately so near the date of the flood in point of time as to give valuable evidence of its effects. The numbers of Crustacea, in Standard Hauls of the M.S.N., before and during the flood at Stn. A, and south of the area affected by the flood, are given in Table 48.
Table 48.—Crustacea in L. Derg, at Stn. A, before and after the Second Brown Flood of November 17, 1921, and at Stn. M, in clear water.

Stn
Species Before Flood14. XI. 21

Daphnia longispina 
Bosmina longirostris 
Bosmina coregoni 
Leptodora Kindtii 
Other Cladocera

173,950
60023,450950150

Diaptomus gracilis 
Cyclops strenuus 
Other Copepoda

present1,900950
Total 201,950

A Stn. M
After Flood In clear water

19. XI. 21 19. XI. 21
4,068 31,640

370 680
93 920

0 present
63 0

2,950 2,300
240 520
105 160

7,889 36,220



1. ’26. 106These figures appear Lu indicate the drastic effects of the Hood, especially on the numbers of Daphnia. On November li. Daphnia appears to have been abundant all over the northern end of the lake. On the 19th it was greatly reduced at all Stations affected by the flood, but was still abundant further down the lake beyond the limits of the brown water. Bosmina. 
coregoni also showed a marked and general decrease, but as it had already decreased at some Stations before the Hood, and did not subsequently recover, it is possible that some other factor was operating. The disappearance of Leptodora after Lhe Hood was probably a seasonal effect, as it does not normally occur in the winter months. Diaptomus was increasing in numbers before the flood, and does not seem to have been affected b\ it. It was fairly common in the river before the flood and mav have been washed down into the lake. The Rotifera were hardly affected. Oscillatoria Aghardii decreased at Stn A from 10,880,000 to 4,720,000 per cubic metre, but other Myxophvce-ie such as Gornphosphaeria. naegeliana, Aphanizomenon flos-aa,, and Anabacna flos-aquae were greatly increased. 1 (leIt will be interesting to trace the effects of this Hood a lii 11 further, until the appearance of the great winter flood L ' December 29. The next series of observations was on Noveml<n 28. In the interval of 12 days, the rainfall was only 0.I3 inch 01 but the effects of the flood hau continued, and there was a -ene^i’ reduction of the numbers of Crustacea at all Stations. AtA, Daphnia fell to 532 and the total Crustacea to •> 07/' Diaptomus continued in undiminished numbers, and at St t it even reached a maximum of 78,000. The next series of ' 1° ’ vations was on December 13, 15 days later, in the course nf v I*  0.H8 inches of rain fell. In the river there was -i »nn 1 , lcl1crease of Diaptomus to 7,410. At the most northerly f i ed in" Stations, the numbers of Crustacea remained low I t r Iake down the lake there was a marked increase. ’ DUt *urther

The Third Brown Flood, on December 29 1921the great winter flood which persisted until the’rnidii llsJ1®red in It was the result of a prolonged and heavy rainfall r Marcb- and the river rose 27 inches. There was a <>rn-u 11 - inches’ the water, and a white saucer disappeared^/-! .in
metres. The Crustacea in the river were reduced from qmn’33 December 15 to 2,580 on January 4, the decrease bein- due ehipflv to Diaptomus. The Rotifera and phytoplankton in the river being already very low in numbers, were hardly affected The numbers of Crustacea in Standard Hauls of the M s N ni /J A, M and N before the flood, and at Stn. A after the flood are shown in Table 49.
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Table 49.—Crustacea in L. Derg at Stns. A, M and N, before the Third Brown Flood of December 29, 1921, and at Stn. A after the flood.
Before the Flood After the

Species Stn. A
13.X1I.21

Stn. M
13.X 11.21

Stn. N
13. XI 1.21

Flood
Stn. A
5.1.22

Daphnia longispina 82,260 114,200 250,000 498Bosmina longirostris 20 0 80 22Bosmina coregoni 680 4,800 2,240 36Other Cladocera 40 0 0 73
Diaptomus gracilis 1,720 1,300 2,400 292
Cyclops strenuus 0 1,200 1,760 136Other (.'opepoda 100 300 0 53

Tota 1 84,820 121,800 256,480 1,110Ill considering I,lie effects of the 2nd and 3rd floods on the Crustacea, it is a fair inference that the sudden decrease in the numbers of Daphnia longispina on November 19 was due to the brown Hood of that date, and may possibly be ascribed to its poisoning effect. The survival of Daphnia further down the lake and its subsequent increase at Stn. A show that the decrease on November 19 did not represent the normal seasonal decline of the species. It is probable that other species failed to recover because their seasonal decline in numbers was due. Diaptomus seems to be quite immune from the poisonous effect of the flood. Its decline at the end 'of December, together with that of all other species is probably largely due to the displacement of the normal lake and river water by the huge volume of rain-water which caused the great winter flood.
The. Fourth Brown Flood of April 16-18, 1922. The great winter flood of 1921-22 persisted until the middle of March, and only at the beginning of April did the river fall to summer level, whereas in 1921 it was low by the middle of February. There was, however, very little rain from March 11 to April 13, a period of 33 days having only a rainfall of 0.58 inches, and the river fell and cleared. On April 13-15, 0.94 inches of rain fell, and on April 16 and several succeeding days the river water was distinctly brown, and the level rose 6 inches. On April 16, the limit of visibility of the Secchi disc in the river was 1 metre, whilst in the lake, on April 18, it ranged from 1.2 metres at Stn. K, to 2.1 metres at Stn. M, so it is evident that there was not on this occasion, so much silt in the water as during the previous floods, probably because it came so soon after the great winter flood.In the river the Crustacea were low in numbers before the flood, so they could not be much affected, but they show a fall from 2,920 on March 30 to 1,230 on April 20. The Rotifera were not affected. The centrifuge plankton, which was rapidly increasing towards the spring maximum, actually increased from 131,000,000 per cubic metre on April 14 to 167,200,000 on April 21, and there was a notable increase in those diatoms which do not normally occur in the plankton but are swept into it by a flood.



1. ’26. 108In Table 50, the numbers of Crustacea in Standard Hauls before, during and after the flood at Stn. A, and during and after the flodd at Stn. M, are given.Table 50.—Crustacea in L. Derg before, during and after the 4th Brown Flood of April 16-18, 1922.
Species Stn. A Stn. Al

Before 
Flood 

29.III.22
During
Flood 

18.IV.22
After
Flood

8.V.22

------------------
During 
Flood 

18.IV.22
After
Flood
8.V.22Daphnia longispina 3,804 15,600 49,780 13,400 84,400Bosmina longirostris 1,564 3,480 2,900 12,140 6,050Bosmina coregoni 320 680 3,840 2,000 6,500Other Cladocera 792 840 100 480 0Diaptomus gracilis 768 1,200 360 1,220 1,300Cyclops strenuus 984 480 200 4,840 4,050Other Copepoda 364 480 780 700 1,800Total 8,596 22,760 57,960 34,780 104,100The Stations before and after this flood are too far apart to give precise information as to its effects, but it is apparent that this flood had little effect on the plankton. Both the zooplankton and the phytoplankton were increasing rapidly towards the spring maximum and appear to have been vigorous enough either to resist or recover rapidly from any damage. It should be noted, also, that the silt content of the water was relatively low.There were brown floods on September 20, 1922 (the 5th), and December 17, 1922 (the 6th), but the available observations are not sufficiently near to the date of the floods to yield information of much value. A few facts of interest may be noted. 

Oscillaloria Aghardii, on September 15, was present to the extent of 28,000,000 filaments per cubic metre of water in the river. On September 22, after the flood, it had fallen to 7,200,000. It then recovered, and on December 15 it was 22,300,000, but on December 22, after the 6th flood, it fell again to 12,900,000, and then gradually declined to its winter minimum. Adventitious diatoms increased in numbers after each of the floods. These two floods do not appear to have had any obvious catastrophic effects on the Crustacea, which were not, however, present in large numbers, and it is possible that the autumn maximum of Crustacea, which was much smaller than in 1921, was checked, in its development by the two winter floods, especially that of September 20.The effects of floods on the plankton of the Illinois River were investigated by Kofoid (1903, 1908). Kofoid was dealing with a river very much richer in silt than the 11. Shannon. In fact, the Illinois R. is normally as turbid as is the R. Shannon during a thick brown flood. The fluctuations in level of the Illinois R. are also very much greater than in the Shannon. Kofoid (1903, p. 185) summarises the effects of silt on the plankton in the following passage:—“The silt affects the plankton 



I. 26. 109indirectly by hastening the solution of nutrient substances “ from the organic detritus that forms a considerable portion of “ the unstable deposits which accumulate in shoal and in “ sheltered parts of the stream. It hinders the penetration of “ light, thus checking the development of the chlorophyll-bearing " organisms while favouring the multiplication of bacteria and " hastening the decay of organic matter in suspension. It also “ seems probable that it produces a deleterious effect upon the 
“ Enlomoslraea by adhering to the hairs which clothe their “ various appendages, thus hampering their movements and " causing them to sink to the bottom. Accessions of flood water “ are frequently followed by an increase*  in the relative number “ of moribund and dead Enlcniioslraeii, ('specially of the 
“ CnpepodaKofoid found, on the whole, that floods, especially sudden floods, had a disastrous effect on the river plankton, though they might produce conditions leading to an ultimate increase of production. Bachmann (1907, p. 54), from his examination of the phytoplankton of some Scottish lochs, concludes similarly that the presence of much detritus of organic or mineral nature influences the plankton unfavourably.Ruttner (1914, p. 522) states that during the period of water renewal in the Alpine lakes, when the snow on the mountains is melting in May and June, the amount of plankton is decreased. Scheffelt (1922, p. 51) concludes, from his ex-amination of the Ghiemsee during the abnormally wet summer of 1920, that the zooplankton, with the exception of Diaphanosoma, was considerably reduced in numbers by the rise of the lake level. 
Cuclops strenuvs was completely wiped out. He found, moreover, that the transparency was greatly decreased, the Secchi disc readop,.s falling from 5.9 metres before the flood to 1.72 metres at the time of high water. Bennin (1925, p. 341), who studied the plankton of the River Warthe during a period of high water caused by the melting of the snow in April, 1924, observed a marked decrease in numbers of the majority of the constituents of the micro- and meso-plankton which he attributes to the effects of the flood. Similar opinions as to the effects of floods on the plankton have been expressed by other investigators.The results of our investigations into the effects of floods on ‘he plankton of the river and lake are by no means conclusive, . hev are °iven for what they are worth. In an area like the R Shannon°and the northern end of L. Derg, where large variations in the plankton occur within short spaces of time, it would be necessary to have daily observations for some time hnforp the flood, to ascertain the normal variation of the plankion and for some days after the flood, to determine its effects.The tentative conclusions at which we have arrived are as follows: —1 The effects of a brown flood on the plankton are much more drastic when the dominant species have attained or passed ibnir npriod of maximum abundance than when they are increasing towards a maximum.



I. ’26. 1102 A brown flood occurring- after a period of drought lias a more disastrous effect, especially in the river, than if it occurred after a period of normal rainfad.3. The dominant species most affected by brown floods is 
Daphnia Iongispina.The entrance into the water system of a large volume of barren flood-water necessarily reduces the numbers of all the species normally present in the plankton. In the case of particular species inis decrease may be quickly compensated for by rapid multiplication.5. In the case of certain species (i.e., Daphnia during the 1st, 2nd and 3rd Brown Floods), the effect of a brown flood is so catastrophic that some factor other than dilution must be operating. The most probable factor is the excessive silt content of the water during a brown flood.. Cei tain littoral species of Entomostraca, such as Ceriodaphnia 
pulchella and Bosmina longirostris—species which, before the flood, were abundant in the river but not in the lake—and diatoms not normally occurring- in the plankton may be washed into the pelagic region by a flood.7. Diaptomus gracilis and Leptodora Kind Hi are not affected by a brown flood to the same extent as Daphnia, and their decrease in some cases is prelaw due only to dilution.

8. Oscillaiona AGHARDA appears to be reduced by a flood. but other species of  Myxophyceae, such as Aphanizomenon flos- 
aquae and Gomphosphaeria naegliana usually increase after a flood.
9D. The Effects of Droughts on the Plankton of the 

River Shannon and Lough Derg.f Jo/fau a fx°1rtun1?te circunistance that the prolonged drought of 1921 fell within the period of our observations. This drought enC^ m Fe’:)rlliai'y’ after the Passing of the great winter flood. The rainfa I at Hayes Island for each month, from bebiuaiy to November inclusive, was below the average (see p. 25)) except in July. In June, there was a heavy thunderstorm during which 2 inches of rain fell. This was quite local and did not affect the river. From February to November inclusive, the rainfall was 21.776 inches, the average for the same months during the period 1893-1916 over the catchment area of the R. Shannon being 30.03 inches. The rainfall in each month, expressed as a percentage of the average for the same period and area was:—February, 31.5%; March, 62.6%; April, 59.3%; May, 46.7/o; June, 79.3%; July, 104.9%; August, 72.8%; September, 90.4%; October, 79.7%; November, 90.4%. The river was abnormally low, especially from the middle of June to the end of July. During this period the river current was greatly reduced and conditions in the deep and sluggish stretches, which, owing to the canalisation of the river, are very extensive, tended more and more to resemble those in the lake'. Tn the area where our 



I. '26. inriver observations were made, between Hayes Island and tbe lake, a distance of about one mile, the river is particularly deep, wide and sluggish. The summer level of the water in L. Derg and the R. Shannon is maintained, for purposes of navigation, by the sluice gates at Killaloe. Whilst this tends to neutralise the effect of the drought in the lake, it accentuates the effect in the river by reducing the speed of the current. No phenomena which could be directly attributed to the drought were observed in the lake.The consequences of the drought on the R. Shannon were : —1. Reduction of surface drainage into the river.2. Fall in water level.3. Reduction in speed of current.Reduction in amount of suspended matter in the water.5. In general, more stable hydrographic conditions.The effects of the drought on the numbers of Crustacea in the plankton of the river are shown in Table 51, the numbers representing the average of surface and bottom Standard Hauls of the M.S.N.
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Daphnia longispina 48 594 3,906 2,073 2,940 66
('eriodaphnia pulchella 2 14 4 420 20 118
Bosmina longirostris 0 0 2,910 44,220 240 268
Bosmina coregoni 350 158 0 164 20 0
Bythotrephes longimanus 0 0 r 0 0 0
Leptodora Kindtn 0 0 0 270 6,840 1,696
Other Cladocera 50 20 138 13 0 0

Diaptomus gracilis 62 104 550 37 1,260 18
Eurytemora velox 20 456 40,596 5,103 59,400 28
('yclops strenuus 12 2 106 67 720 2
Other Copepoda 6 6 118 1,203 300 30

Mysis relicta 0 0 37* 0 19* 0

'Total 550 1,354 48,365 53,570 71,759 2,226

Table 51.—Crustacea in the R. Shannon during the Drought of 1921.

* Bottom net only.Certain phenomena which may be attributed to the effects of the drought may now be considered. Daphnia longispina is never relatively abundant in the river, though always present.



I. ’26. 112During the drought it was present in considerably larger numbers than at any other time during our investigations, (h<* highest average haul being 3,906 on .lune 15. In 1922, the highest average haul was 2,800 on March 16. Bosmina longiroslris was very abundant in the latter half of .June, the catch in the bottom M.S.N. being 87,600, and the average of top and bottom nets being 44,220. The highest average haul at any other period in the river was 3,500. in March, 1922.
Leptodora. Kindtii is normally absent from the river, or present only in small numbers. On July il, however, the average catch was 6,840, whilst in 1922 the greatest catch was only 36

from the river.The effects of the summer drought of the year 1904 on the plankton of the River Elbe were investigated by Volk (1906, p. 42). He found that the numbers of the zooplankton in the drought were nearly double those of a normal year (1905), that this increase was due largely to the Rotifera, the Crustacea being much less abundant in the drought year. Owing to the proximity of his stations to the sea and to the obvious influence of the salt water, his results do not afford a fair comparison with those given above.Schorler (1907, p. 355), who also investigated the phytoplankton and the Rotifera of the R. Elbe during the dry summer of 1904, found that at this period the plankton was richer, both in numbers of species and of individuals, than he had observed previously.

Fumlemora vrlo.r was present in trie river in enormous numbers from June to mid July, and as in the ease 01 Bosmina 
lonairostris by far the greater proportion of individuals was taken in the bottom nets. The largest catches were made on June 15 (average 40,596) and on July 11 (average 59,400). In  1922 the highest average was 152 on July 27Mysis relicta is always regarded as a deep-water lacustrine species. In 1921 it was taken on three occasions in the river.  about one mile above the lake. On March 24, three youngindividuals were taken. On June 15, 37 young individuals were  taken in the bottom M.S.N. and on July 11, 63 fully grown specimens were taken, 19 in the bottom M.S.N. and 44 in a  vertical haul. In 1922 Mysis was not taken in the river, though it was specially looked for at night. Consideration of these phenomena indicates that the plank- ton of the river was abnormally rich during the drought in June  and July. This condition was terminated by the "Tand did not afterwards recur. august flood.It is interesting to note that whilst Bosmina longirostris and 

Eurytemora velox were absent or rare in the lake duriii<>- the 
period of abundance in the river, they were afterwards present in the lake in large numbers when they had almost disappeared
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9 E. Causes of the Differences between the Plankton of 

the River Shannon and that of Lough Derg.The most thorough investigation of the various factors which determine the character of the plankton of a river, as distinct fiom that of a lake, is that of Kofoid on lhe Illinois R. (1903 and 1908). (Jn the basis of his investigations they may be briefly summarised as follows: —1. “ Fluctuations in hydrographic conditions constitute the most immediately effective factor in the environment of the potamo-“ plankton. Rising levels usually witness a sharp decline in “ plankton content (per M3.) as barren storm waters mingle with “ or replace plankton-rich waters of channel and reservoir backwaters. Falling levels are periods of recovery and increase in plankton, stability in hydrographic conditions conduces to “ rise in production at all seasons of the year, and instability is “ always destructive. Winter floods tend to lower plankton “ production; spring Hoods increase it ” (1903, p. 572).2. “ Age of the water is an important factor in determining “ production in streams. Young waters from springs and creeks “ have but little plankton,” (ibid, p. o71).3. “ The current is an important factor in the environment of “ the plankton. In the first place it largely determines the “ amount of silt in suspension in the water, for upon its speed “ depends not only the amount of material eroded from the “ banks and carried on by the flood, but also the rate of de- “ position of the silt delivered to it by the more rapid tributary “ streams.“ The most important relation of the current to the plankton “ lies in the fact that it is a large factor in determining the length “ of time in which the plankton can breed, and thus curtails or “ extends the possible number of generations of the planktonts (ibid, p. 118).“ Biologically considered, the fundamental distinction “ between fluviatile and lacustrine waters lies in the more rapid “ replacement and more recent origin, from springs and rain, “ of the water of the stream as compared with that of the lake” (ibid, p. 120).Kofoid discusses the generalisation of Schroder (1897, p. 482) that the volume of plankton present in any stream is inversely proportional to the rate of the current, and prefers to express it as follows:—“ The volume of plankton present in any body of “ fresh water varies with the length of time afforded for “ breeding ” (ibid, p. 121). Zimmer (1899, p. 7) states that the longer the river the more its plankton tends to resemble that of a. pond.Kofoid’s views as to the effects of silt on the plankton are discussed on p. 108.Galtsoff (1924, p. 347) and Allen (1920) agree with Kofoid as to the importance of hydrographic conditions to the plankton of rivers, and Lemmermann (1907, p. 400) draws attention to the fact that fluctuations in the amount of plankton, due to sudden hydrographic changes, are to be expected in rivers,



T. ’26. HlThe results of our observations on tbe plankton of the R. Shannon and L. Derg are in general agreement will) those of Kofoid. The Illinois R. differs from the R. Shannon iu its high silt content and the large extent of its impounded backwaters. On the other hand the R. Shannon is characterised by the relatively large number of big lakes which lie in its course. So far, at least, as the Crustacea of the plankton arc concerned, we do not attach such great importance to the age of the water as Kofoid does. By far the greater part of hie water which flows into L. Derg has already tarried in L. Ree and the upper Shannon lakes, which support a rich plankton, yet it is relatively poor in Crustacea and particularly so in Cladocera. Its normal poverty, therefore, cannot be ascribed to its age. Woltereck (1908, p. 308) observed that in the outflow of the Li inzer See the plankton consisted almost entirely of phytoplankton, the zooplankton, and especially the Entomostraca, remaining behind in the lake. In July, 1920, observations at Athlone, about half a mile below L. Ree, showed that the plankton Crustacea, especially Daphnia and Bythotrephes, were abundant, and perch caught at this place were feeding freely on these forms. On the other hand, observations made on October 8, 1921, at the same place, showed that this was not always the case, the Crustacean plankton being very poor, though abundant in the southern part of L. Ree at that time (vide p. 100). The water of the R. Shannon is essentially of the same age as that in L. Ree. Doubtless it consists in the main of surface water from the lake, but our obseivations have shown that such surface water is fre- nuejRly by day ar](l usually by night the richest in Entomostraca. Galtsoff (1924, p. 398) makes the interesting statement that rapids or waterfalls decrease the amount of plankton considerably. On the Mississippi R., above Rock Island Rapids, the plankton is four times as great as below the rapids. Between L. Ree and L. Derg there are two weirs and a series of rapids, which probably play some part in reducing the numbers of the Crustacea.There is undoubtedly some factor, other than the age of the water, operating in the river which inhibits the development of a rich Cladoceran plankton such as is found in the lake. The increase of such forms during drought and their decrease after a flood indicates that the dominant factor which distinguishes the environment in the river from that in the lake is the instability of the hydrographic conditions.
10. THE EFFECTS OF THE WIND ON THE HORIZONTAL 

DISTRIBUTION OF THE PLANKTON.Many observations have been made on the effects of the wind on the distribution of the plankton in Lough Derg, and it is proposed to deal with them in a subsequent report. It is necessary, however, to mention them briefly here, as they provide an explanation for the lack of uniformity in the horizontal distribution of the plankton which has been observed at different Stations in the lake (see p. 128).The effect of the wind on the waters of the lake is to set up 



I. ’26. 115a surface current flowing in the direction of the wind, and varying in speed and depth, other things being equal, with the force of the wind. The speed of the current, of course, is greatest at the surface, and decreases with the depth. As the water tends to be banked up on the leeward shore, a return current is set up, and in the northern part of Lough Derg, by reason of the small depths and the absence of a thermocline, this return current is necessarily near the bottom, though for obvious reasons, it is never so strong as the surface current. In lakes characterised by the presence of a thermocline during the summer months, the return current is situated above the thermocline.Some measurements of the velocity of the surface current caused by the wind are summarised by Whipple (1914, p. 103). In a large lake like L. Erie it was found that the ratio of the velocity of the surface water to that of the air was about 1 to 20. In a small lake the ratio is less. Ackermann’s experiments on Owasco Lake, N.Y., showed that a wind velocity of 5 miles per hour would cause a surface current of about 13 feet per minute, whilst a wind velocity of 30 miles per hour would cause a surface current of about 26 feet per minute. At a depth of 10 feet the velocity was about 60 per cent of the surface velocity and at 20 feet, 25 per cent of the surface velocity.As a result of this action of the wind, a zone or belt of water is formed along the lee shore which is derived from the superficial water layer of the lake. In lakes lying in regions where there is a markedly prevalent wind, this zone is most strongly developed along the shore which is the lee shore for that wind. There is, however, almost invariably a certain amount of variation in the direction of the wind, and as a zone of wind driven water is formed in a very short space of time, it follows that this zone is usually present to some degree all round the lake. As the water near the shore is usually sheltered to some extent from the action of the wind, this zone, once formed, is not so easily dispersed.A light breeze blowing with a speed of 5-10 miles per hour causes a superficial current which is easily observable by the naked eye from an anchored boat.Organisms living in the surface water will tend to be carried to leeward by the current, whilst to a lesser degree, those living in the lower layers will tend to be carried to windward. If, therefore, a particular species is present in greater numbers in the upper metre of water than at any other depth, it will be carried towards the lee shore, and as, owing to its vertical distribution, it is not withdrawn by the return bottom current, it will be concentrated in increasing numbers so long as these conditions prevail. In the same way, a species which is most abundant near the bottom (in shallow water, near the shore, this means any depth below about one metre) will tend to be withdrawn from the shore by the return current.On the other hand, in those lakes where the plankton is present in smaller numbers in the superficial water layer than at some lower level, a zone will be formed along the lee shore of water relatively poor in plankton.
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If is apparent that changes in the horizontal distribution of the ’ anklon Jan only be offer led by lhe action of the w.n.l when 

there is a lack of uniformity in Ibe vertical .Uslnl.nl mn o l he 
plankton in the limnetic region of the lake, ami Ilia Hi.'si 
changes tend to vary in proportion to the force and diiralion ot 
lhe wind and to the degree of irregularity in the vertical distribu
tion of the species comprising tne plankton.

These a priori conclusions must now be tested by lhe results 
of our investigations on L. Derg.

Most of our observations on the effect of wind-drift have been 
made in Slevoir Bay (vide Plate I). This elongate arm of the lake 
lies due east-west, and owing to its configuration, all winds from 
the south-west to the north-west cause a surface drift into it. As 
has already been shown (p. 29) these winds are on the whole 
much more numerous and stronger than the winds from the 
north-east to south-east which would cause a surface drift out of 
the bay. Moreover, a west wind causes a stronger drift into 
the bay than an east wind of equal force would cause out of it, 
because of the greater area on which it can act, and because the 
water close inshore is sheltered from an offshore wind.

At the extreme eastern end of Slevoir Bay is a small bay 
called Garrigahorig Bay, having a rather narrow entrance. 
Observations were frequently made in this bay (Stn. Z) to ascer
tain the effect of wind-drift.

On every occasion that search was made, concentrations of 
certain species were found along some shore of Slevoir Bay. it 
is not proposed to give details of these investigations in the present 
report. Two series of observations are given to illustrate the. 
condition of things which was usually found to prevail. The first 
series was made on June 28, 1922, after nine days of strong west 
winds (Table 52). The figures for the Crustacea represent th » 
average of Standard Hauls of the M.S.N. at the surface and 11? 
bottom. The figures for the phytoplankton are based on con tr i 
fnge counts of water taken from various levels and mixed and 
represent numbers per cubic metre of water. ’ ‘ ,fl

Table 52.—Concentration of Plankton by Wind, 2s yj o
Species Stn. A Stn. J

Daphnia longispina 13,396 56,220
Leptodora Kindtii 2,044 1,620
Bythotrephes longimanus 164 3,190
Diaptomus gracilis 214 100
Cyclops  strenuus 20 0

Tota 1 C rustacea
Phytoplankton, including Flagel

lata and Ciliata

15,868

67,200,000

61.130

36,400,000

Stn. 7.
579,960

0
15,640

0
0

595,600 

37,300,000
On this occasion, Garrigahorig Bay was filled with dense but 

unequally distributed swarms of Gladocera. The individuals in 
a measured volume of water taken from one of the larget shoals 
were counted, and gave the enormous number of 1,486,000 species 

Uslnl.nl


1. ’26. 117mens of Daphnia longispina and 25,000 specimens of Bythotrephes 
longimanus per cubic metre of water.It is evident that Daphnia and Bythotrephes were concentrated at Stn. J and still more at Stn. Z, whilst, on the other hand, Leptodora, Diaptomus and the phytoplankton were greatly reduced or absent.The second series was taken on November 24, 1922 (Table o3). As before, the figures for the Crustacea represent the average of surface and bottom Standard Hauls of the M.S.N., whilst the figures for the phytoplankton at Sins. A and Z are based on centrifuge counts. On the day when the observations were made there was no wind, but for a long period before that, the prevalent winds had been westerly.
Table 53.—Concentration of Plankton by Wind, 24. XI. 22.

Species Stn. A Stn. J Stn. Z
Daphnia longispina 18,100 123,640 511,300
Bosmina coregoni 15,440 38,500 553.600
Diaptomus gracilis 940 20 0
Other Crustacea 180 40 80

Total Crustacea 34,060 162,200 1,064,980
Phytoplankton, including Flagel-

lata and Ciliata 101,200,000 — 33,200,000In this case, Daphnia longispina and Bosmina coregoni were concentrated, whilst Diaptomus gracilis was withdrawn. The phytoplankton was greatly reduced at Stn. Z.Stations were frequently worked at X, J and Y in a line across Slevoir Bay (vide Plate I). It was invariably found that Daphnia and Bosmina were concentrated on the leeward shore, and in relatively small numbers on the windward shore.In the section on Horizontal Distribution (Series 5, p. 126), details are given of a series of hauls made at Stn. J, on the edge of an area of concentration of Daphnia longispina and Bosmina 
coregoni.In Table 54 is set out the average catch during 1921 and 1922, of Lhe most abundant species of Crustacea at Stns. G, A and .1, taken in the M.S.N.
Table 54.—Average Catch at Stus. G, A and J during 1921 and 1922.

Species
Daphnia longispina
Bosmina longirostris
Bosmina coregoni
('hydorus sphaericus 
Bythotrephes longimanus
I.eptodora Kindtii 
Diaptomus gracilis 
Eurytemora velox 
Cyclops strenuus

1921 1922

G A j "g A J"
25229 30202 56489 12610 29474 89179

161 1158 236 1128 619 5490
3440 9410 24096 736 2264 16896

--- — — 98 161 16
198 285 996 92 205 1288

2289 1173 1657 1050 1338 961
545 1858 3317 66( > 607 212
359 1848 200 — — —

— — -  178 282 776



I. ’26. 118The species which are most markedly concentrated by the wind are Daphnia longispina, Bosmina coregoni and Bythotrephes 
longimanus. The former species is represented almost entirely i.i these concentrations by large individuals, a phenomenon correlated with our repeated observations which show that large and mature Daphniae live in the surface water, whilst the small immature forms occupy a lower level. It is interesting to note that the swarms of Daphnia hyalina, observed by Birge in Lake Mendota (1897, p. 372) consisted of large individuals. Kemmerer, Bovard and Boorman (1923, p. 75) noted many swarms of Daphnia along the shores of Crater Lake, Oregon. “ The Daphnias were of unusually large size.” It is probable that Cyclops 
strenuus also belongs to this group. Species relatively rare at Stn. J and almost completely absent from Stn. Z are'zfosmw/ 
longirostris, Chydorus sphaericus, Diaptomus gracilis and Eura- 
temora velox, and it is suggested that these, species are with drawn from this area by the return bottom current. The hi<d~ average of Bosmina longirostris at Stn. .1 in 1922 is due In ® * abnormally large catch (84,000) on May 8, and a smaller on’1 (12,012) on March 29, these two catches comprising 96,012 out r a total of 104,319 for the year, or 92%, and without these f °f catches, the average for the remaining 17 hauls is only /189 high average of Diaptomus at Stn. J during 1921 is ui . entirelv due to the occurrence of the species in very large nn T°St on November 28 (78,600). If this haul is omitted,' the Iver- " f ’’S the year at Stn. J is only 138. The position of Leptodorn’?« .clear. It was more abundant at Stn. J than at any othe/Qt in 1921, but not in 1922. 5 <)thei StationThose species which are consistently more abundant qfJ than elsewhere, were also more abundant at Stn A i " I Stn-G. In the case of the other species there is no’ in at Stn. relation, the ratio at Stns. G and A in 1921 beino- ’ constantA certain amount of irregularity in the deo-roT^f 1922’ tration of a particular species is to be expected0- • concen- great variation in vertical distribution wh ch has been6W| °f tbe from day to day, and even at different Stations Xos°f taneously. It was not at all uncommon to find a Xrk ‘ centrated near the surface at one Station nnd / 3 c C()n' afterwards, at another Station not more than ‘a mile awV’to fin I the same spec.es concentrated near the bottom Then yn> ?sf ?J occasions, therefore, when a species which 1 “‘usi »e concentrated by the wind because it is' not normally presmU in relatively large numbers m the superficial water layer ma v for some reason be present m exceptional abundance near 11 f■ s • face and so driven towards the lee shore H~Most of the Crustacea of the plankton tend to annmd. H, surface during the hours of darkness when thev won Id 1J i •1 towards the shore. Those that sought lower kwels during th" hours of daylight would then he withdrawn from the shore b | /' the wind dropped or changed at dawn, they might be leftnek the shore. Nearly all quantitative investigations of the plankton have been carried out during the hours of daylight, so that only conditions prevailing during these hours have been observed. "

spec.es


I. '26. 119If the wind, after blowing steadily for some lime, changes its direction, the mass of concentrated individuals will tend to be carried away in a shoal or swarm. It is by this hypothesis that we have endeavoured to explain irregularities in the horizontal distribution of the plankton (vide p. 144).It is a matter of common observation that certain Algae which constitute “ water-bloom,’’ such as Microcystis aerugi
nosa, Anabaena flos-aquae, Anabaena circinalis, Gomphosphaeria 
na eg eliana and Botryococcus Braunii, are wind driven after a period of calm followed by a gentle breeze, and in such circumstances they may be found forming a thick scum on the leeward shore.In certain continental, and especially Alpine lakes, a zone of water round the shore, relatively poor in plankton, has been described (Burckhardt, 1910, 1910A; Ruttner, 1914, 1914C; Haempel, 1922, etc.). Burckhardt says that in the Snsersee in the Upper Engadine “ es existiert Tag und Nacht am Ufer eine zooplankton leere Zone, deren Breite fur die einzelnen Arten verschieden ist und sich nach ihrer Wanderungstiefe richtet. Die plankton- leere Zone entsteht (lurch die vertikale Wanderung.” He tried to show that this zone was formed by the vertical diurnal movements of the animals themselves, not in a horizontal direction but—in a shallow zone along the shore—through their efforts to reach an optimum depth during the hours of daylight, so that whilst they ascended in the evening in an approximately vertical direction, they tried to descend at dawn obliquely towards deeper water. This movement away from the shore he called the “ Uferflucht ” or Hight from the shore. He desired to emphasise the point that the flight from the shore is an active movement on the part of each individual.It has been pointed out (e.g. Haempel, 1918, p. 275; 1922, p 468) that in the clear water of these Alpine lakes the upper water layer is relatively poor in zooplankton. Haempel found that Daphnia hyalina was most abundant at 3-5 metres, Bosmina 
coregoni at 3-10 or 5-10, Leptodora Kindtii at 20-30, Bythotrephes 
longimanus at 5-10 or 20-40 and Diaptomus gracilis at 5-30 or 20-30. It appears much more probable that the plankton-poor zone round the shore of these lakes has been formed by the action of the wind in concentrating the barren surface water. Burckhardt says (1910, p. 165) that a strong south-west wind had been blowing for some days before and during the day on which his observations were made, but that it ceased at sunset. This wind would carry the surface water straight into the bay where he was working. His shore catches by day were made, therefore, in water wind-driven by day, and as the wind dropped at sunset, his night catches were*  made in the same water. Burckhardt himself (loc. cit.) attaches some significance to the effect of the wind and says (p. 165) “ Sehr bedeutend ist unter Umstanden die passive Bewegung des Planktons (lurch die vom Wind erzeugte Stromung dos Oberflachenwassers. Hingegen scheint auch dadurch die leere Zone nichtsclmell zu verschwinden. . . .”Ruttner (1914CS p. 329) describes the plankton-poor zone in the Lunzer Untersee and points out that such a zone is absent 



11. the horizontal distribution of the PLANKTON.

11 A. Introduction.
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from the Lunzer Obersee. He shows (1914B, p. 10, Fig. 3) that, 
in the Untersee, Daphnia is most abundant in the daytime in 
October at a depth of 3 metres and is quite absent in the upper 
metre. Possibly the vertical distribution in the Obersee is 
different. He also describes (1914C, p. 331) a plankton-poor zone 
under the ice in the Untersee in February, where the horizontal 
distribution could no longer be influenced by the wind. The 
zone, however, may have been formed by the wind before the 
surface froze.

From the above considerations it would appear that there is a 
close relation between the wind and the vertical and horizontal 
distribution of the plankton. In those lakes where the superficial 
water layer is relatively densely populated the plankton will be 
concentrated by the wimhalong the shore, from which it may be 
carried away in shoals by a change of wind, and so produce 
irregularity in the horizontal distribution of the plankton. On 
the other hand, in those lakes where the superficial water layer 
is relatively poor in plankton, this barren water will be ac
cumulated by the wind along the shore, forming a plankton-poor 
zone, but otherwise producing no great effect on the horizontal 
distribution of the plankton. It is significant that investigators 
or such Alpine lakes, where a plankton-poor zone has been ob
served, have been impressed by the uniform horizontal distribution of’the plankton, whilst in the Bodensee (Bayersdoerfer, 1924 
p. 60) and in L. Derg, where the littoral may be veiy rich "in 
plankton, the. horizontal distribution has been shown to be 
markedly irregular.

The problem of equal or unequal horizontal distribution of 
the plankton has been investigated by numerous workers, but
they have rarely defined precisely what they mean by the term 
• horizontal distribution.” In the broad sense, the horizontal 
distribution of the plankton is concerned with’the number of 
individuals of the various species of the plankton in the column 
of water under a unit area of the surface, independently of the  
vertical distribution of the individuals. In discussing variation 
in such distribution, it is necessary to define the conditions still 
more precisely. Seasonal changes in the plankton may be very 
rapid, so that the duration of the observations is important 
Again, collections made in very shallow water close to the shore 
will differ markedly from those made in deep water in the open 
If. is necessary, therefore, that observations should be made over 
an area where the conditions are fairly uniform and in the  
Shortest possible space of time. Hensen maintained that the 
plankton would be found to be distributed uniformly over those 
areas of the sea where hydrographic conditions were uniform. 
Herdman (1922, p. 160) has shown that such uniformity is not to 
be found in the plankton of the Irish Sea.



L *26. 121As regards the horizontal distribution of the plankton hl freshwater, conflicting views have been expressed. The majority of the earlier workers concluded that the distribution of Lhe plankton was fairly uniform, but in more recent times this conclusion lias been controverted. These diversities of opinion have been due to the use of different criteria as to what constitutes uniformity, to the employment of different methods and to the investigation of different areas. Some of the earlier opinions, i.e., those of Reighard, Ward, Marsh and Kofoid, were based on determinations of the volume of the plankton without regard to its composition, and on the whole the work on this subject has lacked precision. It is also to be expected that the degree of variation will differ in different waters.Burckhardt (1900, p. 224) and Moberg (1920, p. 298) have summarised the work which has been done on this subject in freshwater. The protagonists of uniform horizontal distribution are Reighard (1894, p. 32) in Lake St. Clair, Ward (1896, p. 46) in L. Michigan, Apstein (1896, p. 64) in the Gr. Ploner See and the Dobersdorfer See, Birge (1897, p. 375) in L. Mendota, Hofer (1899) in the Bodensee, Burckhardt (1900, p. 245) in L. Lucerne, Marsh (1903, p. 57) in L. Winnebago, Kofoid (1903, p. 276) in the Illinois River, Dakin (1913, p. 35) in L. Neagh, Steiner (1913, p. 166) in the Luganersee, Ruttner (1914, p. 526) in the Lunzer Untersee, and Haempel in the Haltstiitter See (1918, p. 278), and in the Grundlsee (1922, p. 469). On lhe other hand, such uniformity is denied by France (1894, p. 33) in the Balatonsee, Gandolfi-Hornyhold and Almeroth (1915, p. 426) in Lake Geneva, Moberg (1921, p. 304) in Devils Lake, North Dakota, and Bayers- doerfer (1924, p. 86) in the Bodensee.
11B. Observations on the Horizontal Distribution of the 

Plankton in Lough Derg.Even the most ardent advocates do not insist on the absolute uniformity of the plankton. Moreover their proviso that uniformity is only to be expected when the hydrographic con- ditions are uniform is one which can rarely be satisfied in fresh- water. The amount of variation in the distribution of the plank- ton will differ in each lake and will vary in proportion to the heterogeneity of the factors which control the distribution. In L. Derg, the influence of the R. Shannon, the relatively long and irregular shore-line, the great differences in depth and the effects of the wind are factors tending to promote irregularities in the horizontal distribution of the plankton. With the exceptions of Stns. K and Z, which are close to lhe shore, all Stations in L. Derg which were regularly visited an*  in lhe limnetic region of the lake. By reason of the procedure adopted, whereby a number of Stations were usually visited on the same day, there exist very numerous quantitative results which can be used to study lhe horizontal distribution ot lhe plankton of the lake. In addition many observations were made for the express purpose oc gauging the uniformity of the plankton, and the whole may be grouped together as follows: —



I, Simultaneous observations at the same place.
II. Series of observations made in quick succession at the same 

place.
III. Observations at different Stations on the same day.
IV. Repeated observations at the same place over a period of 

five days.

I. Simultaneous Observations at the Same Place

Table 55. Series 1.—Numbers of Crustacea captured in two
M.S.Ns., fished horizontally side by side at the surface 
at Stn. H on 19.1.21.

Species Net X Net Y Mean
Daphnia longispina 2,280 

+15.7%
1,660

— 5-7% 1,970
Bosmina sp 4,520

— 7.8%
5,280

+ 7.8% 4>90q
Other species

Total

360

7,160
— 0.7%

320

7,260 
+ 0.7% 7,210

1. '26. 122

Series 1.—In the first experiment, at Stn. H in January 19 
1921 two similar M.S Ns were fished side by side through 100 
yards at the surface by the beam method described on p. 14 
The results are set out in Table 55.

Figures in italics represent percentage deviations from the 
mean.

Series 2 and 3.—This experiment was repeated twice at Stn. 
J on January 28, 1923. The results are set out in Tables 56 and  
57.

Table 56. Series 2.—Numbers of Crustacea captured in two
M.S.Ns., fished horizontally side by side at the surface 
al Sin. J on 28.1.23.

Figures in italics represent percentage deviations from the mean

Species Net X Net Y MeanDaphnia longispina 122,800
+ 6. y %

108,000
—

115,400

Bosmina spp. 112,800 
—0.1%

115,200 
+ 0.1% 114,000

Cyclops strenuus 2,000
—0.1 %

2,400 
+ 0.1% 2,200

Other species 0 0

Total 237,600 
+ 2.6%

225,600
—2.6%

231,600



:2(>. 123?able 57. Series 3.—Numbers of Crustacea captured in two M.S.Ns. fished horizontally side by side at the surface, at Stn. J, on 28.1.23.Figures in italics represent percentage deviations from the mean.Species Net X Net Y MeanDaphnia longispina 80,800 69,600 75,200i - <o/+ „ zo/--- /--P0
Bosmina spp. 90,800 79,200 85,000

+ 6.8% — 6.8%Cyclops strenuus 2,000 2,800 2,400—z6./% + /6.7%Other species 400 0Total 174,000 151,600 162,800
+ 6.g% — 6.g%In Series 1, 2 and 3 the catches of two nets which were fished horizontally side by side and gave uniform results are recorded. These are important because all the other series considered show much greater variability in the catches. It is clear, therefore, that the catches made in Series 1, 2 and 3 must be analysed and treated in such a way as to give some numerical measure of variability with which the other series may be compared, Bor this purpose the measure of dispersion known as the mean deviation ” has been used.*  , .Let us consider the three pairs of hauls (1, 2,3) togethei anc ex amine the number of the common species caught and oi tie o a Crustacea in the corresponding hauls, bet 1) indicate Dap tma 

Longispina, B indicate Bosmina spp., C. indicate Cyclops strenuus and T indicate total Crustacea. The differences between the values of D, B, C and T in corresponding X hauls and Y hauls are shown to be of the order ascribable to simple samp mg. There are eleven observations of the difference of X and Y ns lec in this way. The catch of X expressed as a percentage of the catch of Y is shown in Table 58.* We arc indebted to Mr. G. M. Graham, of the Ministry of Agriculture and Fisheries, for assistance in the statistical rea men results. Net Y inTable 58.—Catch of Net X expressed as a percentage of Series 1, 2 and 3. Net X Net Y X ylOOD 2,280 1,660 137B 4,520 5.280 86T 7,160 7,260 99D 122,800 108,000 114B 112,800 115,200 98C 2,000 2,400 83T 237,600 225,600 105
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The average of these eleven observations is 104*and the 
standard deviation ± 18%. It is clear that the excess average 
catch of X—4%—is not significant since it is only a fraction of the 
standard deviation of the mean which is 

Net X Net V x/y 100/ d 80,800 69,600 116
Series 3 | B 90,800 79,200 115

| C 2,000 2,800 71\ T 174,000 151,600 115

The problem may be regarded as one of eleven attempts with 
let X to measure a character whose true value is that given by 
3et Y, namely 100. Regarded in this light we see that the eleven 
values with their standard deviation of ± 18% only showed such 
variation from the true value as would be expected from normal 
errors of sampling (compare the probable error of the count 
n. 23).

It will be seen below that if this small degree of variability
given by Series 1, 2 and 3 is taken faute de mieux as the definition  
of uniformity, the other series show significant fiffereces in the 
measure of variability used - the mean deviation - and therefore 
do not conform to the standard of uniformly set by Series 1, 2  

and 3. This standard, of course, falls short of absolute uniformity
The close agreement found in the catches of these nets fished 

side by side may be taken to indicate that the differences in the  
amount and composition of the plankton in the other experiments 
described below represent a true picture of the lack of uniformity 
in the horizontal distribution of the plankton and are not to be  
ascribed to imperfections in the methods employed.

Series 4. - On January 14th, 1921, at Stn. A three similar 
M.S.Ns. were hauled vertically through 9 meters at the same  

speed into different boats about 25 feet apart. The total catch  in each net was counted and the results are shown in Table 59.

Table 59. Series 4 - Catches of three Simultaneous Hauls byM.S.Ns. fished vertically through 9 meters metres. 5

Figures in italics represent percentage deviations from the mean
Species

Bosmina coregoni
Net. I

11
—38.9%

Net II
35+94.4%

Net  III
8

-55.6%/
M'ean

18
Diaptomus gracilis 426

+105. 8%
103

—30.2%
91

-56.8%
206

Cyclops strenuus 16 29
+31.8%

21
-4.5%

22
Other species

Total 
6

459
383.6%

3 
170 

-32.0%

2

122
—51.2?o

250



L. 26. 125In Scries 1 2 and 3 the percentage deviations from the mean of comparative observations have been used to determine the mean deviation.  This worked out at 7%. 'The standard deviation of the values for the percentage deviation is + 5%, and the standard deviation of the mean deviation is + 1%.The corresponding values for Series 4 are: —Mean percentage deviation = 52.6%Standard deviation of values for percentage deviation = + - 28%Standard deviation of mean deviation = £ 8.1%.

Fig. 4.—Plan of the Hauls made in Series 5.

This (inference in the means is obviously significant, being nearly 7 times the standard deviation of Series 1, 2 and 3, and about 4 times the standard deviation of the difference of means. If the series where the results show the nearest approximation to uniformity is taken to indicate uniform distribution, then Series 4 shows that undoubtedly the three hauls made at distances of 25 feet apart spanned an area where the distribution of the plankton was definitely not uniform. If it is contended that it has not been proven that Series I, 2 and 3 represent uniformity, then Series 4 is still further from uniformity.II. Series of Observations Made in Quick Succession at the Same Peace.This group of observations to test the uniformity of the horizontal distribution of the plankton comprises three sets of experiments, Series 5, 6 and 7.
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Scries 5.—The first series, taken at Stn. J, on February 3 
1021, consisted of six horizontal hauls of the M.S.N. at thesurface  
made by the winch method described on p. 15. The net 
hauled to the anchored motor-boat from six points of the comprises 
as shown in Fig. 4. Kach haul took exactly three minutes and 
owing to the method used, these results may he regarded as- 
exceptionally accurate, 'rhe whole series was taken within a 
space of 55 minutes, during which time the meteorological con- 
ditions remained constant, there being practically no wind, so 
that any marked change in the vertical distribution of the plank-    
ton is improbable. The results are set forth in Table 60. The
figures in each case represent the average of two counts made by 
different observers.Table 60. Series 5.—Numbers of Crustacea taken in six hori

zontal hauls of the M.S.N. at the surface at Stn. J, on 
3. II. 21.

This series of observations is particularly interesting as it 
was taken on the edge of an area of concentration of the plankton 
by wind action (vide p. 114). Whilst the hauls were being made 
there was practically no wind, and for several days previously 
the wind had been light and had varied from south-east to south
west. Before that it had blown strongly from the south-west. 
Subsequent observations on February 16 proved that there was a 
very marked concentration of Bosmina coregoni and Daphnia 
lo-ngispina along the north and east shores of the bay (vide Chart), 
that is to say, in the direction from which hauls III and VI were 
taken, and in these hauls the largest catches were made. The 
lowest numbers were taken in hauls I and II, whilst hauls IV and 
V gave intermediate values. These results speak for themselves.

Series 6.—On February 9, 1921, five vertical hauls of the 
Nansen Net were made in quick succession at Stn. A. The first 
was from the anchored motor-boat, and the other four to the 
North, South, East and West, at distances of 50 yards from the 
motor-boat. The whole time occupied in making the hauls was 
45 minutes. The net in each case was hauled at the same speed 
through the 9 metres. There was no wind. The results are set 
out in Table 61.

No. I No. II No. I [I No. IV No.V No. VI
Daphnia longispina 260 220 2,340 480 720 640
Bosmina coregoni 5,160 5,060 20,180 14,180 10,360 20,860
Diaptomus gracilis 140 80 260 220 220 260
Cyclops strenuus 20 40 100 120 260 80
Other species 20 20 0 0 0 20
Total Crustacea 5,600 5,420 22,880 15,000 11,560 21,860
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Table Gt. Series 6.—Numbers of Crustacea taken in five vertical hauls of the Nansen Net through 9 metres, made in quick succession at Sin. A on 9. II. 21.

Figures in italics represent percentage deviations from the mean.
I 11 III IV NSpecies 2.50 p.m. 3.10 p.m. 3.15 p.m. 3.25 p.m. 3.35 p.m. Mean

Daphnia 11 1 27 1 2 8.4
longispina +31.0% —88.1% 4- 221.4% —88.7% —76.2%

Bosmina sp. 102 59 91 23 29 61
4-67.2% — 3-3'Q 4-^9.2% —62.5% —52.5%

Diaptomus 14 26 34 21 17 22.4
gracilis —5/-5/o + z6.1 % 4-5z.£% —6.5% —24.1%

Other species 7 5 4 5 2
Total 134 91 156 50 50 96
Crustacea 4- 59.6% — 5--'° 4- 62.5% —47-910 —4.9%In Series 6, the mean deviation is 54%, and the standard deviation of the mean is + 10%. Comparing this with Series, 1, 2 and 3, we find a difference of the means of 47%, the standard deviation of the differences is + 10% and since the difference is over four times the standard deviation of the differences, it is clear that Series 6 gave a significantly greater variation than Series 1, 2 and 3.

Series 7.—On November 28, 1921, five vertical hauls of the Nansen Net, from 4.1 to 0 metres, were made in quick succession at Stn. G. All were taken from the anchored motor-boat, and the whole time occupied in taking the hauls was only 12 minutes. A fairly strong south wind was blowing. Total counts were made of all the catches, which are shown in Table 62.
Table 62. Series 7.—-Numbers of Crustacea taken in five vertical hauls of the Nansen Net through 4.1 metres, made in quick succession at Stn. G on 28. XI. 21.

Figures in italics represent percentage deviations from the mean.
I 11 III TV V

3.43 p.m. 3.45 p.m. 3.47 p.m. 3.51 p.m. 3.55 p.m. Mean
Daphnia 122 331 124 95 53 145

longispina -— + 72<?.J% —zy.5% -65.^%
Bosmina spp. 65 60 39 62 21 49.4

+ 57.6% + 27.5% -- 27.7% + 23.3% —57-5%
Diaptomus 7 10 10 30 15 14.4

gracilis —57.^% —50.6% —30.6% + 708.3% + 4.2%
Cyclops 4 5 7 6 6 5.6

strenuus —28.6% -- 70. 7% + 25.0% + 7-/% + 7.7%
Other species 17 8 8 8 4
Total 215 414 188 203 99 224

Crustacea —</.o% + ^.'<5‘% —76.7% O' —55.'.?%
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In Series 7, we have a mean deviation of 36%, 29 more than 

the mean deviation of Series 1, 2 and 3. The standard deviation 
of the differences of the means is just more than ± 6% and since 
the difference is more than 4 times this standard deviation there 
is again a significantly greater variability in Series 7 than in the 
series that have defined uniformity for us.

III. Observations at Different Stations on the Same Day.
Group Ill deals with the results of a number of cruises to 

different Stations in L. Derg which were all visited on the same 
day. In these observations the figures represent the* average 
catch of each species in two hauls of the M.S.N. over 100 yards in 
'i minutes, one haul at the surface;, the other haul at the bottom. 
As the depth of most of the Stations does not exceed 5 metres, 
the error due to differences in vertical distribution at the different 
Stations is probably not very great. The methods employed in 
making the hauls and in counting the catch are described in 
detail on pp. 13 to 17. The results of a number of cruises are 
given in tabular form below, and comprise the average numbers 
of the common species taken in Standard Hauls at the surface 
and bottom, the means of the several species and of the total 
Crustacea, and the percentage deviation from this mean for each 
cruise (figures in italics). Those cruises were selected on which 
the largest number of Stations was visited. The time occupied 
b> any one cruise never exceeded six hours.

Series 8.—The cruise of 14. III. 21 is characterised by the 
concentration of Daphnia and Bosmina at Stn. .J (Table 63).’

Figures in italics represent percentage deviations from the mean.

Table 63. Series 8.—Cruise of 14. HI. 21, in the Northern End 
of L. Derg.

Species Stn. D Stn. G Stn. A Stn. H Stn. J Mean
Daphnia 

longispina
918

54-8°°
620

—<5(2.5%
1,620

—20.5%
1,000

—50.8%
6,000

+
2,032

Bosmina
coregoni

2,226
—88.1%

1,680
—(2Z.<7%

7,093
—<52.2%

2,120
—88.7%

80,600
+ 330.0%

18,744
►

Diaptomus 
gracilis

328
+ 127.8%

180
+ 25.O%

60
—58.3%

50
^5-.?%

100
—30.6%

144

Other species:  146 120 87 20 100
Total

Crustacea
3,618
—82.8%

2,600 
—87.6%.

8,860
—57-<?%

3,190
—84.8%

86,800 i
+ jzy.z%

21,014

Series 9. - The cruise of 15. VI. 21 is noteworthy for the 
presence of Diaptomus in large numbers at Stn. A and its com- 
parative scarcity at the other Stations (Table 64).
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Figures in italics represent percentage deviations from the mean.

Table 64. Series 9.— Cruise of 15. \ I. 21. in the Northern End of L. Derg.
Species Stn. 1) Stn. Ci Stn. A Stn. H Stn, J Mean

1 laphnia 7,580 3,744 23,144 9,660 34,020 15,630
longispina _O/

—.*> 1 • .*> n —76.1 % 4-./<!?. z% —38.2% + 1J/./IO
I .eptodc >ra 3,328 5,728 2,650 3,980 6,180 4,374

Kin'ltii --- -  ,?• Q*’0 -t . O/o Jp-J/o —p.o% + 4i-3°'°
Bythotrephes 334 284 512 520 460 422

longinianus --- 20. J? % _  o -j — 0^ + 21. ?% + 25.2% + p.o%
I )iaptonnis 278 324 6,200 80 0 1,376

gracilis —76.5% , _<V• 22o- / 10 —04.2% —100 %
Other specie:5 0 0 232 100 0

Total 1 1,520 10,080 32,744 14,340 40,660 21,869
Crustacea —// 3 ° —53-9°'° + /P-7% _ . .0/

—5-Z-Z'0 + 83. p%

Series 10.—The cruise of 28. VI. 21 is particularly interesting. Whilst the totals (Table 65) at the various Stations are very similar, the proportions of the component species vary widely, 'l he relative abundance of Leptodora at Stns. B and J, of Diaptomus at Stn. E. and to a*  lesser extent at Stn. A and of Daphnia at Stn. .1 indicate a lack of uniformity which would not be shown by mere determination of volume or total numbers.
Table 65. Series 10.—Cruise of 28. VI. 21, in the Northern Encl of L. Derg.

figures in italics represent percentage deviations from the mean.

Species Stn. B Stn. < I Stn. E Stn. A Stn. J Mean
1 laphnia 

longispina
17,470
—

25,260
—12.6%

10.040
—65.3% 

30,900
+ 6.(4%

60,920 
+ 770-7%

28,918
1 .eptodora

Kindtii
16,590

+ /5--Z °
6,120

_ _O7
—55 • j /O

4,420
—2J-.) °

4,700
/O/ —5°-4-”

15,448 9,456
Bythot replies

longimanus
s 970
i + ./O.2%

600
_ -1°/—75-5/o

200 
—7/.7%

700
+ Z.7(5/0

v 992
' + 43-4°/o

692
Diaptomus 

gracilis
1,800

—7p.<?%
620

0/—pj.Z/o
27.560
+ 2oS.6%

13,800 ,. , _ , -O>+ 24-5'°
880 .

— ()O.I%
8,932

Other specie‘S 150 0 2,980 300 ... 0

Tota 1
('rustacea

36,980
-- 21.0%

32,600
—33-O%

45,200
—7.2%

50,400 78,240 
+ 6o. 7%

48,684
Series 11.—The cruise of 10. VIII. 21 yielded the most uniform results (Table 66). It followed the brown flood of August 1, and the effects of this flood are most apparent at the three Stns. B, E and A which lie in the river current and least so at Stns. G and D which lie to the west of it, where the plankton is usually below the average.



I. ’26. 130Table 66. Series 11.—Cruise of 10. VIII. 21, in the Northern
End of Ij. Derg.

b igurcs in italics represent percentage fle\iali<>ns from the mean.

Species Stn. B Stn. 1) Stn. C Stn. E Stn. A Mean
Daphnia 

longispina
660

—66./%
2,967
4- 52.2%

2,055
4- 5--/%

2.100
1 — — 0.+ /• / /o

1.965
4- o.cS’%

1,919

Bosmina
coregoni

52
-22.^%

67
+ 0 %

33
5°-7%

1 10
4- 64.2%

75
4- z /. p

67

Bosmina
longirostris

98
—2p.5%

92
—

192
+ 38.1%

30
—78.4%

285
4* IO

139

Leptodora 
Kindtii

1,620
—33-5/o

4,083
4* 67. j%

3,763 
+ 54.8%

.1,580
—35--%

I, 140
__  - n -^0/J. ?-? 0

2,437

Diaptomus 
gracilis

67
--- Q7.6%

618
—22.2%

1,538
+ 25-7%

740
—6.8%

1,005
4-26.5?^

794

Eurytemora 
velox

15
—<27-7%

919
4- 39-6%

1,534
4- 133.1 %

130
—80.2%

690
+ 4-9%

658

Cyclops
strenuus

30
—84.0%

150
—20.2%

438
4- 133-0%

260 
+ .?<?.

60
~68.,%

188

Other species 383 567 741 140 780
Total

Crustacea
2,925 
—56.7%

9,464
4- 40.1 %

10,294
, _ o .0/ t- 72.//o

5,090
—24.6%

6,000
—zz.2%

6,755

Series 12. - The cruise of 4. X. 21 is characterised (Table 67) 
by the preponderance of Daphnia at Stn. J, B. coregoni at Stn. G, 
B. longirostris at Stn. A, Leptodora at Stn. G, and Eurytemora  
at Stn. A.

Table 67. Series 12. - Cruise of 4. X. 21, in the Northern 
End of L. Derg.

Figures in italics represent percentage deviations from the mean

Species Stn. B Stn. Ci Stn. A Stn. J Mean
Daphnia 4 

longispina
5,370 
~5Z-5%

40,157~ , ^.o/—59-7
52,960
—46.8%

260,000
4- 161.0%

09,622

Bosmina
coregoni

2,570
—6 j ./%

14,361
4- 777.2%

7,520
4-75.7%

2,000
—6x4. 7%

6.613
Bosmina

longirostris
6,660
+ 26.7%

466
~Q1.2%

13,600
+ 757.5%

400
—(22./%

5,281

Leptodora 
Kindtii

490
—67.0%

3,329
+ 724.2%

520
—67.0%

1,600
4- 7.7%

1,485

Diaptonms 
gracilis

80
-77-7%

596
4- 66.0%

760
+ 177.7%

0
---7<¥>.O%

359

Eurytemora 
velox

370
-67.9%

726
__n-7 ,0/37-1 /a

3,520
4" 20 7.0°/o

00/---700.0 .0
1,154

Other species 600 1,693 1,760 0
Total 56,140

Crustacea —57./%
61,328
—46.(4%

80,640
—50.2%

264,000
4- 728. 4%

115,527
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Series I3.-Th<- cruise of IB. XII. 21 shows that at thjs iod 
Hie plankton in the northern part of the lake was considerably 
poorer than that of the central area (Table 68)

'rABLE <W- ™ X,L 21 and

Figures in italics represent per.-cnt.tge deviations from the mean.

Species stn. Stn. A Stn. M Stn. N Mean
1 )aphnia 

longispina
3,225
—

82,260
—26.8%

114,200
+ z.6% 250,000 

+ 222.4%
112,421

Bosmina
<-orcgon i

125
—

680
—^5-5%

4.800
+

2,240 
+ 24.2°%

1,961

1 )iaptonws 
araci 1 is

695 1,720 
+ 22.j%

1,300
—75.0%

2,400 
+ 87-o°/o

1,529

('yclops 
strenuus

150
—80.2%

0
---200.0%

1,200 
+ i<?. y°o

1,680
+ 222.8°%

757.5

Other species 170 160 3,00 160 -- -
Total

('rustacea
4,365 
—06.8%

84,820
—27-4-/o

121,800
+ 4.2%

256,480 
+ 2 2Q.5%

116,866

Series 14.—The cruise of 8. II. 22 represents conditions at the 
time of the winter minimum (Table 69).

Table 69. Series 14.--—Cruise of 8. 11. 22 in the Northern and 
     Central Area of L. Derg.

Figures in italics represent percentage deviations from the mean.
Species Stn. (.’> Stn. A Stn. X Mean

Daphnia longispina 654
—16.8%

111
—85.9%

1,594
+ 202.7%

786

Bosniina coregoni 64
—2.5%

67 
+ .?• z %

64
—z.5%

65

Bosmina longirostris 217
+ 4-3'°

266
+ 2/.p%

142 208

Diaptomus gracilis 312
—2/.^%

410
—0.7%

516
+ 2y.p%

413

Cyclops strenuus 50-0/—57-5/o
246 

+ zzo.5%
56

—52.Z%
117

Other species 87 87 32 —

Total Crustacea 1,384
—zd.5%

1,187
—28.4%

2,404 
+ 45.0%

1,658

Series 15.—The cruise of 18. IV. 22 shows (Table 70) the 
greater abundance of Cyclops strenuiis in the central area of the 
lake, and is also remarkable for the large catch of Bosmina. 
longirostris at Sin. M.



T. ’26. 132

figures m italics represent percentage deviations from the mean

Table 70. Series 15.—Cruise of Id. IV. 22 in the Northern am 
Central Area of L. Derg.

Species Stn. (', Stn. A Stn. M Mean
Daphnia longispina 4,680

• 3/ o
15,600
4- 40.0%

13,400
4- 19.4%

I 1,227

Bosmina coregoni 280
—71.6%

680 
—Jz.1%

2.000
+ 702.6%

987

Bosmina longirostris 1,320
—76.6%

3,480 
—38.4%

12,140
4- ZZJ.O?o

5.64 7

Diaptomus gracilis 320
—

1.200
4- jZ../%

1,220
4- ? ? 6%

913

Cyclops strenuus 180
—90.2%

480
—

4,840
4- z (>4.0%

1.833

Other species 
Total Crustacea

460
7,240 

—66.6%

1,320
22,760

4- 3.0%

1,420
35,020
4- 61.6%

21.673

Series lO.-The cruise of 8. V. 22 is characterised bv lb., 
marked concentration of several species at Stn. J (Table 71)

Table 71. Series 16.—Cruise of 8. V. 22 in the M^..nCentral Area of L. Derg. Northern and

Figures in italics represent percentage deviations from th-
Species Stn. G Stn. A Stn. J Stn. A J

'“van. 
A r

Daphnia 
longispina

29,480
—68./%

49,780
—</6.Z%

205,600 
+ 122.7%

84,400
~8.6°/o

Mean
02,315

Bosmina
coregoni

3,040 
—88.2%

3,840 
—J?j.z%

89,600
+ 2 48.0%

6,500
—7/.p% 2r>,745

Bosmina
longirostris

6,51)0
> —73-6%

2,900
—

84,000
' 0-1— — O/+ -.>/•/ 0

6,050
—75-7% 24,877

Diaptomus 
gracilis

1,760 
+ 66.8%

360 
—dj.<2%

800
—24.2%

1.300
4- 0 0 o°/ 1,055

Eury femora 
velox

160
—57-9%

760 
+ 100.0%

0
—100.0%

600
5 7 • 9% 380

Cyclops
stren n us

360
—88.6%

200 
—PJ-7%

8.000
+ 753.8%

4,050
+ 28. ^/o 3,152

Other species 520 120 800 1,200
Tota 1 4

(’rustacea
1,880 
—7!-7%

57,960
—60.9%

388,800 
+162.4%

104,100 i
—2q.7% 18,185

Series 17.—The cruise of 6. XII. 22 differs somewhat from 
those just described. Four Stations were selected in a line down 
the lake, at such positions that a vertical haul of the Nansen net 
could be taken through 5 metres from the bottom the surface 
The results are thus strictly comparable (Table 72) . The most
southerly Station was characterised by the relative abundance
Daphnia and the great numbers of Cyclops strenuus

northerly Station by the abundance of Bosmina coregoni. On the 
other hand, the numbers of Rotifera taken at the same Stations 
in the Diatom Net are very uniform.
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Figures in italics represent percentage deviations from the mean

Table 72. Series 17. Cruise of 0. .XII. 22 in the .Northern and 
Central Area of L. Derg.

X ea r X ea r Xorth of
Species

I Japhnia 
longispina

Stn. B
372

—i

Stn. E 
OS

77-3%

Stn. X
213 

7%

11 launmorc
1.01 I
141. y'.o

Mean
432

Bosmina
(’Oregon i

1.1 72
4- /(yo.cV'o

25
—9.?. <9%

159
(lO. *) zb

256 403

I jiaptonnis 
gracilis -

0
— 100.0%

31
4- io. 7%

35
4- 2j.o%

44
+ 5 7 • %

28

( yclops 
strenuus

12
—92.8%

1
—99/%

5
97- o%

644
4- 288.0%

166

Other specie.'< 0 30 17 216
'Total

(Tustacea
1,556

4-
185 

—8 J. 1 %
129

~~6o.S%
2.204

4- ZOZ.5%

6,420
4- 7-o%

1,094

Total
Rotii’era"

5,010
—/ ;.<?%

6,240
4-/-.?%

6,240
• z1 /.Jo 5,985

* 'Taken in Diatom Xet.

in the foregoing tables the catches of the important species 
and of t|le toLal Crustacea have been set out. In this wav data 
from 42 Stations are collected. These are to be examined in 
order to gauge the degree of variability which is exhibited anion- 
various Stations not very far from one another on the same daw 
For this purpose the catch in each haul has been expressed as a 
percentage deviation from the mean of the day. This ha* been 
done for each of the important species and for the total Crustacea 
ln this way a number of vahies has been obtained which mav be 
considered, taken all together, to give a measure of the daily 
variability of P*ankton as a whole. If, on the other hand 
thev are taken species by species they give a measure of the dailv 
variability for each species.

In this Wily sewn mean uwiauons nave been worked out. 
These, together with the standard deviations and the standard 
deviations of the means, are shown in Table 73.

Table 73.—Summary of variation, measured by percentage devia
tion from the mean, shown by the figures of TahUc 

63 to 72, Series 8 to 17. S

Species
Mean

deviation
Standard 
deviation

Standard 
deviation of 
the meanDaphnia longispina 60% + 45% + 6.9%

Bosmina coregoni i i 69 12.1
Bosmina longirostris 75 52 11.8
Leptodora Kindtii 49 27 6.1
Diaptomus graeilis 67 60 9.2
Cyclops Strenuus 95 55 1 1.5
Total Crustacea 61 52 8.0



I. ’26. 134

It is again evident that the mean deviations found in this 
scries are significantly greater than the series which have defined 
unnormity for us.

IV. Repeated Observations at the Same Place over a Period 
of Five Days.

Series 18.—This group of experiments consists of a very 
extensive series of observations for the purpose of investigating 
the diurnal migration of the plankton which was undertaken in 
August, 1922. The motor-boat was anchored for seven days at 
Stn. P, in the central area of L. Derg, over soundings of 26-27 
metres. The nearest land was nearly a mile away, and the lake 
at this point is two miles wide. The hydrographic conditions at 
this Station are much more stable than they are in the northern 
part of the lake, where the preceding results were obtained, and 
the plankton is much less influenced by the effects of the river 
current and the littoral region. It was to be expected inat here, 
if anywhere in the lake, a uniform distribution of the plankton 
would be found. Meteorological conditions were fairly uniform 
throughout the period of the investigations. Observations were 
taken six times in each twenty-four hours, namely just before 
sunset, an hour after sunset, at midnight, just before dawn, an 
hour after dawn and at mid-day. Each set of observations, in 
addition to stage catches, included a vertical haul of the Nansen 
Net from 25 metres to the surface. The same net was used 
throughout. A constant rate of haiding of one half revolution of 
the winch per second was maintained, this being equivalent to a 
speed of 0.2 metres per second. The enumeration of the catches 
was all done by one observer and a relatively large fraction was 
counted. The 25-0 metre hauls have been utilised to provide 
data for the consideration of the horizontal distribution of the 
plankton.

Times are given according to the 24-hour syste,, and Green- wich Mean Time is adopted. Sun-time at L. Derg is approximate- 
ly 33 minutes later than at Greenwich. On August 3, 1922, sun-  

rise at L. Derg was at 05.01 , mid-day at 12:33, sunset at 20.16 and midnight at 0.33

The results are set forth in Table 74, which shows the 
numbers of the various species in each catch and the percentage deviation of each from the mean for the species (this figure is 

given in italics) 
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ble 74. Series 18.—Observations of August 2-7, at Stn. P (L. Derg). Results of Vertical Hauls of the Nansen Net through 25 metres. Figures in italics represent percentage deviations from the mean.
Aug. 2 Aug. 3 Aug. 4 Aug. 5 Aug. 6

Haul No. ' 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Greenwich Mean Time 19.47 22.10 01.10 04.45 06.25 13.20 19.55 22.00 01.15 04.25 06.46 13.15 20.20 22.05 01.05 03.55 06.20 12.55 19.43 22.25 01.02 03.58 06.48 12.53 20.10 22.10 01.00 04.00 06.45

phnia longispina (Large) 390 1.970 2,640 2,616 1,000 2,335 620 3,860 2,820 3,552 2,660 64 190 500 375 296 317 142 328 536 736 620 520 76 184 270 368 600 228
-77.9% 1—62.1% + pz.5% +15^-3%° 4- Z54.p% —2.p% + 126.7%° —39-8%° + 274.8%° 4-173.8%) + 244.7%° 4 138.3%° —73.8%° —c?z.d% —5r-5,o —63.6% —77.5% ---67.2%° —86.2% —68.2%° —48.0%° —2^.5% —39-8%° —49-5o/° —72.6%° —82.1%° -75-<y% —64.3% —41.7%

,, ,, (Medium) 468 820 656 468 455 1,090 585 920 740 1,152 1,040 80 100 320 205 128 116 70 96 280 304 270 216 60 176 220 88 240 124
4- 21.2%° + ZZ2.4% + dp.p% + 2Z.2% + 77.p% -r l82.1Q/> + 31.6%° •f 4- pz.7% 4-178.4%° 4-167.4% —79-3%° -74.7% —z/.z% —46.7%° —6678%° —67.7%° —81.7% —75-7% —27.5% —21.2% —30.1%° —44.0%° -Jy.5% —54-4%° —43.0% —77.2%° — —67.7%°

,, ,, (Small) 1,506 1,380 568 810 935 1,040 1,080 820 2,340 3,712 4,040 5,936 1,900 1,430 1,750 380 340 608 948 848 2,320 1,580 1,328 1,648 1,176 2,340 2,448 1,672 672
—8.7%° —zd.5% -65.5% —30.7% 45-5% —36.7%° -54-5% —5°-5% 4- 41.7%° 4-123.1%° 4- z45.o% 4- 260.0%° 4-zj.2% --'3-3% + 6.1%° —77.0%° . O'~79-4%° —63.1%° —42.5%° —48.6%° 4- 40.7% —4-2%° —7(2.5% + O%° —28.7%° 4-#7.p% 4-^-5% 4- Z.^% —5P-2%

,, ,, (Total) 2,364 4,170 3,864 3,894 2,390 4,465 2,285 5,600 5,900 8,416 7,740 6,080 2,190 2,250 2,330 804 773 820 1,372 1.664 3,360 2,470 2,064 1,784 1.536 2,830 2,904 2,512 1,024
—22.8% + 36. z% + 2d.Z% + 2/.Z% —22.0% + 45-7O/° —25.4% + 82.8% 4- p2.d% 4 z74_7% 4- 752.6%° + 78.4%° —28.7% —26.6%° —24.0%° —75«% —74-S% —75.2% —55.2% —45-7%° 4-p-7% —17.4%° —32.6%° —41.8%° —49-9%° —7.6%° -5.2% —z5.o% —66.6%

thutrephes longimanus 30 10 24 42 15 35 75 80 160 32
4- u-5%

40 32
4-11.3%°

20 10 20 20 15 14 8 8 40 20 16 8 16 20 16 24 0
+ 4-5% —63.2% —16.4%° + 4^-5% —47-7%° 4- 22.0% 4-161.3% + 178.7% 4 457-5%° 4- 39-4%° —3o-3%° —63.2% —3°-3%° —3°-3%° -77.7% —31.2% —72.1% —72.1%° + 39'4%° —30.3%° —72-1%° —44-3°^ —30-3%° —^.5% —16.4% —100.0%°

?ptodora Kindtii 456 460 512 276 335 500 865 1,380 1,100 1,664 700 336 150 140 440 176 144 78 176 176 216 260 56 148 72 230 288 320 96
+ 75-7% + zO% + 2p.p% —2p.p% —Z f.O% 4- 26.()% + 117.3%° + 230.3% 4-176.6%° 4-522.5% + 77-7%° —7.2% —61.7% —d;.j% 4- H.7%0 —55- + — —80.2% 55-3/o --55-3^ —#5-2% —34.0%° —83.8% —62.4%° —81.7%° —41.6%° —26.7%° —z5.5% —/-5-d%

ther Cladocera 18 0 8 0
r :> 0 0 0 20 0 0 0 0 0 5 4 0 2 4 16 8 10 0 16 2 0 0 8 0

iaptomus gracilis 384 150 72 102 160 200 110 140 460 288 260 240 450 420 640 464 261 118 304 240 248 220 224 132 256 230 320 88 521 t >O/+ 57-4/<> —5<?.5% —70.5% —38.2% —34-4% —18.0% —42.6%° 4- 88.3%° 4-18.0% + 6.6%° —1.6%° 4- 84.4% + 72.1% 4- 162.3%) 4- 70.2% 4- 7.0% —31.6% 4- 24.6%° —1.6% 4-7.6% —7.8%° —5.2% —45-9%° + 4.7%° —O/—5-z '° + JZ.Z% —63.7%° —78.7%
urytemora velox 0 0 0 0 0 0 0 0 0 0 16 30 0 10 4 0 0 12 16 16 10 8 8 0 10 8 24 16
yclops strenuus 54 60 32 54 50 r-r10 50 40 160 64 100 112 80 20 210 44 53 114 156 64 120 150 136 164 224 240 184 152 176

—50. -45-5% —70. 7%° —-<2% 1 —54-5%° —31.8%° ■~54-+ —63.6% + 45-5% —41.8%° —7.1% 4-1.8%° —2/-3'° —8i.8% 4- 70.7%° —60.0% —31.8%° 4-5.6% + 41.8% —41.8% 4- 7.1%° 4*  36.4%° + + 47.1% 4- 103.6%° 4- 118.2%° + 67.3% + 38.2%° X 0 ’+ 60.0 0

ther (’opepoda 24 0 8 18 15 5 0 40 20 64 0 16 20 20 5 8 9 6 8 0 0 20 40 24 32 40 16 16 28
vsis relicta 1 4 2-1 0 1 1 0 1 1 0 0 0 8 3 12 2 14 7 5 17 27 29 7 8 43 23 25 32 16

)tal Crustacea 3.331 4,854 4,522 4,386 2,971 5,281 3,385 7,281 7.821 10,528 8.810 6,832 2,948 2,363 3,672 1,526 1.269 1,159 2,045 2,201 4.035 3,189 2,551 2,292 2,181 3,623 3,761 3.176 1.408
—14.1%° 4- 25. /% + zO% 4- i3-r%° 4% 4- ,’d. /% -72.7% + «7-7« 4-101.6%° | 4-171.4%. 4-127.7%° 4 76.1%) —24.0%° —26.2% —? • 3/o —60.7%° -67.3% —7 0.1 % 4/ •.> " -43-^ 4 4-o%° --- Z/.c?% —34-2/° -^>.9%

1
5% —6.6%° — ?.o% —i8.i%°

1
| —63.7%
1
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Table 74. Series 18.—Obsei
Haul No.

Greenwich Mean Time

Daphnia longispina (Large)

,, ,, (Medium)

,, ,, (Small)

(Total)

Bythotrephes longimanus

Leptodora Kindtii

Other Cladocera
Diaptomus gracilis

Eurytemora velox
('yclops strenuus

Other Copepod;)
Mvsis relicta 

'IotaI Crustacea
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It is interesting to compare the figures in Group III (Table 

73) with the corresponding measures of variation in Group IV. 
For this purpose the mean deviation of the numbers for each of 
the important species and for the total Crustacea has been cal
culated. These, together with the standard deviations and the 
standard deviations of the means are shown in 'fable 75.

Table 75.—Summary of variation found in Group IV, Series 18.
Species

Mean 
deviation

Stain Ian 1 
deviation

- Standard 
deviation of 
the mean

Daphnia longispina (Large) 92% 4- 58'% ±10.6%
, , > (Medium) 72 46 8.4

>> (Small) 50 50 9.1
,, ,, (Total) 50 38 6.9

Leptodora Kindtii 73 69 12.5
Diaptomus gracilis 13 36   6.5
Cyclops strenuus 49 27 4.9
Total Crustacea 44 39 7.1

In general the variation in Group IV is neither significantly 
greater nor less than that in Group III. For example 
Daphnia longispina gives a mean deviation of 60% in Group III 
and 50% in Group IV. Examination of the standard deviations 
shows that this difference is not significant and the same is true 
for Leplodora Kindlii, Diaplomus gracilis and the figure for Total 
Crustacea. The figure for Cyclops strmuus can be called signifi
cant. The difference between the mean deviations is 46 and the 
standard deviation of the differences is 13%. Since it is usually 
conceded that a difference of 3 times the standard deviation is 
signi ican i seems clear that the distribution of Cyclops in 
Group III s more variable than in Group IV. Again both of the 
Groups III and 1\ show variations significantly greater than 
those of Series 1, 2 and 3 which have defined ''uniformity''   

Group IV is of further interest since it enables one to determine 
whether theie was a significant difference in the variability of the 
plankton during day and night. Such differences have been 
sought for with regard to Small and Large Daphniae and to 
Diaptomus. The variability of these was found not to be affected 
by the fact that Stations were worked by day and night. At the 
same time it must be pointed out that, with the exception of 
Small Daphniae and Cyclops   streuus  the common species were 
taken in greater numbers by night than by day (vide p 143).

A further point of interest emerges if we consider the vari-ability of the three classes of Daphnia, since it appears that the   
Large are significantly more variable than the Small. The 
difference of the mean deviations is 42 and on the same standard 
as that adopted above this difference must be considered significant. The greater variability of the Large Daphniae lends sup-



i.  26. 1.37port to the view to be put forward that the lack of uniformity in the horizontal distribution is duo, at least in part, to the concentrating action of the wind, for it is just these Large Daphniae which were found to be so markedly concentrated.To obtain some data for comparison certain results of Moberg (1920) have been selected and treated in the same manner as the above. I'he figures used are shown below.

these it appears that the mean deviations are as fol- 
lows Foryclops 47.6%, for Naupl i 48.0%. These are of 

"’’"jibe same order as those found m L. Derg for various 
‘.'pecies of Crustacea.

Species %age Variations from Mean.

From I'n-ble 11, C yclops
p. 156.

Xauplii

+ 10.3. —72.3, —72.3, +65.5, +65.5, +93.1,
—72.3, —17.2
+ 66.6, —27.1, —11.6, +0, +75.0,
+ 0, — 66.6, —8.3.

From'Table V, (Cyclops
p. 158. (Xaupln

—10.0,-20.0, + 40". 0, —60.0, +80.0.
—15.6, +44.9, +37.7, —2.1, —34.7.

From Table VII, (Nauplii 
p. 289. I

+ 0, +100.0, —80.0, —20.0.

From 'Table IX,
p. 290. (Naupln

—50.0, +50.0, +0, +0.
+ 37.3, —40.3, —70.1, +73.1.

From ^gi6 XI’ —100.0, +60.0, +60.0,-20 0
—55.5, +11.1, +122.2,-77.7.

j.rom * (Xaupln
p.

—43.3, +4.6, —26.9, +65 6 
—34.5, +49.0,-92.7, +78.1.

11C. Swarms.■1 he habit of forming swarms is not uncommon amom-sl ii,b Cladocera. In the R Shannon small compact swaX’terl t' .miently observed along the bank ami ln small backwaters'dally during warm weather, and occasionally qiliu. lar^ 1 ‘.m-ins, many yards in extent, were seen in the backwaters j he following notes on the occurrence of swarms are taken from. i 1921-—barge swarm of Pulfiphriuits /jedicuhin in back- •■iter- ba'l a mile above lake. The weather had been fine and ? i for some days and the ii\ti tempeiature in the preceding ^ek rose from 9 to 13.3‘C.l0 1922—Swarm ol >cn ghoiriicris mucronala noted near J"X>re’of river. Temperature of waler 18’C„* •>(), |<)22.—Swarms of Vot^phemus along river bank. In-' Wuded in the swarms were a few specimens of Scapholebcris 
nmcronula, Sida (‘Tf/slfillina y Si morephalns v<‘litl usy Eurt/cercus
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lamellutus and Eurytemora oelo.r. River temperature 16.5°C. On the same day an enormous swarm of Polyphemus was seen in a backwater. A few days later it had completely disappeared.July 28, 1922.—Small swarms of Polyphemus along river bank, after short spell of warm bright weather. River temperature 16.6°C.Beneath the stern of a boat was a large swarm consisting almost entirely of Cerioda phnia pulchella with a few specimens of Scapholeberis, Sida and Eurycercus. The swarm kept in Hie shadow of the boat.August 17, 1922.—Large swarms of Polyphemus were seen in the. river where the current was weak. Small swarms amongst weeds along the bank. A small swarm of Ceriodaplmia was trapped in a large glass jar and counted, giving the following result: — Ceriodaplmia pulchella 36,960Sida crystallina 64Bosmina longirostris 3 IdPolyphemus pediculus 64Eurytemora velox 64Cyclops spp. 96In L. Derg, small dense swarms of Bosmina. coregoni were frequently observed near the shore in iVlay and June. Swarms of Polyphemus were also observed. These summer swarms both in the river and the lake, constitute an important source of food for the fry of such fishes as perch, bream, tench, etc.Littoral swarms of Copepods were never observed by ns.The occurrence of swarms in the limnetic region is not so well established, nor is there any concensus of opinion as to what constitutes a swarm. Apstein (1.896, p. 52) defines a swarm as\ local assemblage of animals of one species in waters when- Ulis species is absent or very sparsely distributed, lie did n()[ believe in the occurrence ol swamis in Die |illlll(,li<- region when conditions were uniform. Birge (1X97, p. 367) says: - It is not easy to define what is meant by a swarm. No student of the “ plankton expects to find the plants and animals distributed with “absolute uniformity, and it is impossible to state the degree of “variation in distribution which will entitle us to say that the species in question occurs in swarms. I agree with Apstein (1896, p. 53) that two — to fourfold variations are not to be “ counted as swarms....................................“ Most will agree, 1 think,“ that a ten-fold difference in numbers will justify the statement “ that such species occur in swarms. Certainly animals whose number diller to that extent are very irregularly distributed, “ and if they were found in large numbers in compact areas, “ and the space between these areas was thinly populated, it “ would not be unfair to say that the species appears in swarms. “ In general there is no evidence of swarms in my observations.”
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On the other hand, the occurrence of swarms in the open 

water, visible to the eye, has been noted by several observers, 
i.e., Birge, 1897, p. 372, on three occasions; Hnitfeldt-Kaas (1898, 
p. 628); Kemmerer, Bovard and Boorman (1923, p. 75 and p. 108.). 
Bayersdorfer (1924, p. 82) says “ Oberhaupt ist an mid 

fur sich die Frage, was hat man enter einem Schwarm zu 
verstehen, nicht ganz einfach zu beantworten. Nach unserer 

*’ Cberzeugung ist es eine Anhaufung einer Spezies in einem 
“ uber den sonstigen Durchschnitt gehenden Masse zuin Zwecke 
“ der Fortpflanzung oder infolge besonders guter Lebensbedin- 
“ gungen in einem zur Flache des Sees verhaltnismassig sehr 
“ kleinem Ran in.” He summarises the opinions of earlier 
workers on the question of swarms. In the sea, according to 
Herdman (190(>, p. 11; swarms of Copepoda ami of Algae have 
frequently been noted, and he gives details of one such swarm of 
Calanus finniarchicits which came under his observation.

We can conceive of three kinds of swarms, differing in their 
mode of origin. Firstly, there is the type often observed in the 
littoral region, of which examples have been given. These 
swarms are formed and maintained by the initiative of the com
ponent individuals. Such swarms are able to maintain their 
position against a slowly moving current, to move as a whole in 
response to a change of light, and to reform when disperseu by 
force. Secondly, there is the type of swarm which is formed 
passively on the lee shore through the drift of the surface current 
produced by the wind. Such swarms are frequently observed 
in L. Derg. Thirdly, there is the type of swarm which might be 
producedby rapid reproduction within a limited area. We have 
no direct evidence of the existence of swarms originating in this 
manner.

We are of the opinion, from our own observations, that swarms 
of Kntomostraca do, from time to time, exist in the open waters 
of Lough Derg. In the course of our periodic cruises, when the 
motor-boat was anchored at the various Stations, we had manv 
opportunities of observing tile unequal distribution of tlie 
I utoniostraca an.l especially the Cladixera, in the surface water 
h-o'mthe logs'?- PilSt U"‘ h"al- Th"

February lb, 1921. Sin. .I.—1 ‘ Al II.30 a.m. a basin filled with 
water ovei the side of the boat contained several hundred 
Gladocera (Daphnia and Bosmina). A few minutes after- 

“ wards the same quantity of water contained only 2 or 3 
“ individuals. ' On this day a dense concentration of Daphnia 
longispina and Hostnina coregoni was observed along the north 
shore of the bay, close to Stn. ,1.October 24, 1921. Stn. E.—“ Not many Gladocera taken in tow- “ nets, but large specimens of Daphnia were visible in great “ numbers in the surface water, together with Microcystis.November 14, 1921. Sth. A.—Flat calm. “ Daphnia very patchy. A basin filled over the side might contain several thousand “ or only two or three individuals. Swarms could be seen at “ the surface.” At this time Daphnia was at the height of its autumn maximum,
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.June 8, 1922. Sin. K.—Flat calm. “ A large shoal of Daphnia 

“ passed, not taken in the vertical net, hut apparently caught 
“ in the horizontal hauls.”

July 27, 1922. Stn. Z.—“ Density of Daphnia varies enormously 
" in a few minutes, and it is undoubtedly in swarms. Daphnia 
“ was very abundant at the Station and was markedly concen- 
“ trated in the upper metre of water.”

August 21, 1922. Stn. J.—Flat calm. In a measured volume of 
water, taken from a place where Daphnia appeared to be 
particularly dense, the number of individuals per litre was 
found to be 38.5. In the Standard Haul of the M.S.N. over 
100 yards, at the surface, the catch was only 10 per litre.

Indirect evidence of the presence of swarms was obtained on 
several occasions, as follows: —
November 19, 1921. Stn. A.—It was noticed that the catch of 

the vertically hauled Nansen Net (10-0 metres) appeared dis
proportionately large when compared to those of v..e Standard 
Hauls at the surface and bottom. The possibility of the plank
ton being concentrated in mid-water was tested by fishing the 
Nansen Net twice, through 5-0 metres and 8-0 metres, but the 
catch was again small in each case. The complete haul, 
from the bottom to lhe surface was then repeated, and a 
relatively small catch resulted. The number of specimens of 
Daphnia longispina in the first haul of the Nansen (at 11.5 
a.m.) was 3,750, in the second haul (at 11.45 a.m.) was 588, the 
ratio being 6.4 to 1. The other species remained approximately 
constant. It must be remembered that the net may not have 
passed through the greatest concentration of Daphnia.

November 28, 1921. Stn. G.—Wind south, fairly strong. When 
the routine work at this Station, which included Standard 
Hauls of the M.S.N. at the surface and bottom, and a vertical 
haul of the Nansen Net from 4.1-0 metres, had been completed, 
five similar vertical hauls of the Nansen were made in quick 
succession (see Series 7, p. 127). It was apparent that the 
catch in these live hauls was very much less than in the 
original Nansen haul, so the horizontal hauls of the M.S.N. 
were repeated. A comparison of the first Nansen catch with 
the mean result of the series of five hauls is given in Tab.e 76.Table 76.—Gatches of Nansen Net at Stn. G, 28. XI. 21 .

Species Nansen Mean
3.15 p.m. Nansen

of 5 hauls of
3.43-3.55 p.m

Daphnia longispina 2,800 145
Bosmina spp. 180 49.5
Other Clatlocera 0 4.4
Diaptomus gracilis 20 14.5
Cyclops strenuus 20 5.6
Other Copepoda 20 5.

Total 3,010 224
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The difference is almost entirely due to the great decrease in 
the numbers of Daphnia, the ratio of this species in the two
catches being 19 to 1. In the horizontal hauts, the numbers of Daphnia were as follows :-

M.S.N.
3.15-3.30 p.m.

M.S.N.
4-1.10 p.m.

Surface 110,000 24,400
Bottom 53,400 13,620

The numbers taken in the surface hauls were in each case 
double those in the bottom nets. The ratio of the earlier to the 
later catch is 4.3 to 1.

We suggest that these results are only to he accounted for by 
the presence of a large swarm or a number of small swarms of 
Daphnia.

The distribution of Diaptonms gracilis in the lake shows 
several anomalies which are best explained on the assumption 
that swarms were present. Tn Table 32, p. 80, three of the most 
striking cases are given in detail. They seem to prove beyond 
doubt the existence of local aggregations of Diaptomus.

11D. The Difference between Catches by Day and by Night.

Several observers have noted the curious phenomenon that 
larger catches of Crustacea are made during the hours of dark- 
uess than by day. Franz (1912, p. 493) believed that in the 
daytime ihe Crustacea can see the net and avoid it. Behrens 
(1914, p. 585) found that the number of Crustacea in the Sakrower 
See was 2-4 times as great at night as by day and believed that 
some of them must “ rest ” on the bottom by day.

For the consideration of this question, the series of observa
tions described briefly on p. 134 (Series 18) affords useful data. In 
addition to the 25-0 metre hauls considered on p. 134, each set of 
observations included hauls, called the “stage catches,” from 
25-20, 20-15, 15-10, 10-5, 5-2 and 2-0 metres. Altogether, 30 sets 
of observations were taken, 15 by day and 15 by night.

Considering, in the first place, the 25-0 metre hauls, the mean 
catch by day and by night of the various species is set out in 
Table 77. In the third column is shown the percentage excess 
of the night catches over the day catches, the latter being taken 
as 100.



I. '26. 112 in the 25-0Table 77.—Difference between Night and Day Means Metre Hauls in Series 18.
Night I lay %age Excess

Species Mean Mean < >1
Night Mean

Daphnia longispina (Large) 1,451 609 +188%
,, ,, (Medium) 454 31 7 + 43
,, ,, (Small) 1,627 1,671 — 3
,, ,, (Total)

Bythotrephes longimanus
3,532 2,597 + 36

35 22 + 59
Leptodora Kindtii 509 279 + 82
Diaptomus gracilis 272 216 4- 26
Cyclops strenuus 106 113 — 6
Total Crustacea 4,496 3,262 + 38

Turning now to the results afforded by the ‘ stage catches,’ 
by adding together the numbers taken at each level a figure is 
obtained corresponding to a haul through 25 metres. The mean 
catch by day and by night and the percentage excess of the night 
catches are shown in Table 78.

Table 78.—Difference between Night and Day means in the Stage 
Catches in Series 18.

The vertical net used in making these hauls did not fish 
below 25 metres, so that the layer of water between the bottom 
and the 25 metre level—about 2 metres—must be considered as a 
possible source of the additional individuals taken in the night 
catches, as well as those which, according to the opinion of 
Behrens, ‘ rest” on the bottom during the day. If Behrens' 
view is a true explanation, the species which is most concen
trated near the bottom by day should show the greatest difference 
between the day and night catches and on the other hand, the 
species most abundant in the upper levels by day should show 
the least difference between day and night. “ Small ” and 
“ Large Daphnia supply a crucial test. The small specimens 
are below the 10 metre level to the extent of 92% during the day
time whilst only 47% of the large specimens are below 10 metres. 
Yet the difference between the day and night catches of small 
specimens is only — 2.6 to + 19% whilst in the case of large 
specimens the difference is + 138 to + 108%. Tt is obvious 
therefore, that Behrens’ view is not a true explanation.

Species
Night
Mean

Day
Mean

%age Excess 
of

Night Mean
Daphnia longispina (Large) 1,077 518 + 108%

,, ,, (Medium) 420 212 + 98
,, ,, (Small) 1,593 1,342 + 19
,, (Total) 3,000 2,072 + 49

Bythotrephes longimanus 43 17 + 153
Leptodora Kindtii 423 169 + 150
Diaptomus gracilis 346 265 + 31
Cyclops strenuus 90 87 + 4



T. ’26. 113The opinion of Pranz, that the Crustacea see the net in the (laytime and avoid il, may now he examined. Let us assume that in the daytime the Crustacea above the 10 metre level can see Hie net and endeavour Io avoid il. In 'Table 79, the numbers and percentage of the chief species taken by day above and below the 10 metre level are shown.
Table 79. -Numbers of Crustacea above and below the 10-Metre Level taken in the Stage Catches during the Daytime in Series 18.

Species 0-10 metres 10-25
No.

metres
o/No. %

Daphnia (Large) 4,927 53 4,392 47
,, (Medium) 1.586 41 2,237 59
,, (Small) 1,967 8 22,184 92

Bythotrephes 144 48 155 52
1 .eptodora 1,354 44 1,694 56
Diaptomus 1.641 34 3,129 66
Cyclops 457 29 1,102 71The relevant data contained in Tables 77-79 are summarised in Table 80.

Species %age Excess of %age taken
Night Catches above 10 metre

Table 80.—Summary of Tables 77-79.
25-0 metre hauls Stage Catches

Level

Daphnia (Large) + 138 + 108 53
,, (Medium) + 43 + 98 41
,, (Small) —3 + 19 8

Bythotrephes + 59 + 153 48
1 -eptodora + 82 + 150 44
Diaptomus + 26 + 31 34
( yclops —6 + 4 29The figures for Daphnia appear to be very significant. In the case of the small specimens, which are relatively scarce above the 10-metre level by flay, there is close agreement between the day and night catches, whilst in the case of the large specimens, which are abundant above the 10-metre level by day, there is a very marked excess in the night catches. The same applies to Bythotrephes and Leptodora. Diaptomus, relatively less abundant in the upper layers by day, shows a smaller difference between the day and night catches. Cyclops strenuus, which is taken in approximately equal numbers by day and by night, is still less abundant in the upper layers by day.It would appear, therefore, that there is a relation between the level at which the Crustacea live during the daytime and the excess of the night catches over the day catches. Those Crustacea which occupy the most brightly illuminated level during the daytime are taken in relatively greater numbers by 



I. 26. 14-1night than by day and the most obvious explanation is that they see the net and try to avoid it. 't his conclusion is supported by the fact that the difference between the day arid night catches is greater in the stage catches than in the 25-0 metre hauls save in the one case of large Daphnia. It is obvious that the Crustacea have more opportunities of seeing the net and avoiding it when it is lowered and raised a number of times for short distances than when it is only lowered and raised once. Moreover, further analysis of the catches of the whole 36 series shows that the numbers taken during the night in the 25-0 metre hauls only exceeded those taken in the stage catches in <s out of 17 hauls, whilst during daylight the number’s taken in the 25-0 metre hauls exceeded those taken in the stage catches in 16 out of IS hauls.It is apparent from these observations that the catch of a net hauled vertically by day is not strictly comparable with a similar catch made at night. The capacity of the Crustacea to avoid the net by day is related to the degree of illumination of the water layer in which they occur and is much greater near’ the surface than near the bottom. No measure of this capacity has been made, nor would it be easy. Owing to the diurnal migration of the various species, the Crustacean population at any particular level io not constant by day and night. All we can do at present is to estimate the difference between the day and night catches throughout the total range from surface to bottom. This difference may in shallow water or in the upper layer over deep soundings, be very considerable. These observations emphasise the neces- sity ofsecuring uniform conditions of illumination when carrying on experiments designed to test the degree of uniformity of the horizontal distribution of the plankton.
11E. Causes of Irregular Horizontal Distribution.We are of the opinion that in the preceeding pages we have estab- lished the fact that zontal distribution of the Crustacea of the plankton in L. Derg is frequently very irregular. Although the data fpr comparison are somewhat unsatisfactory, it must be that -the plankton in L. Derg is more . .y: bSb e( lba" it is in those continental lakes whichhdVe.„e.n." \?st,?ale'1 from this noint of view.— N.Hlll ui View.Amongst the factors which tend to operate against the uniform distribution of the plankton in L. Derg are the following  1 The influence of the R. Shannon which is greatest in the northern area of the lake, and particularly in the line of  the current which it produces in the lake2. The extensive and irregular shore-line. This results in great diversity of conditions and also tends to increase the influence of the littoral on the limnetic region.3. The great variation in depth.4. The effects of the prevalent south-westerly winds in concentrating on the leeward shores those species which usually are most numerous in the superficial water layers



1. -2(i. 1 1.4(see p. lit). Such concentrations can usually be found in L. Derg, but apparently they are not so marked in other lakes which have been investigated. It is possible that iu these lakes the vertical distribution of the plankton is such as not Io favour its concentration by the wind.Such local aggregations of the plankton, once they are formed, are liable to be swept into the limnetic region by a change of wind, where they would probably persist for some time.A consideration of the literature dealing with the horizontal distribution of the plankton suggests that concentration by the wind played a greater pari than has been ascribed to it (e.g., Griffiths, 1923, p. 291, Bayersdoerfer, 1924, p. 76). Whipple (1914, p I7(b says ” The wind also has a great influence, and in “many bodies of waler it is the controlling influence. The “ organisms, part i<-idart\ ('.yanophyceae, are driven in the direction of the wind and accumulate towards the lee shore.” Plumecke (1914. p. 64, p. 474) also notes the concentration of Schizophyceae on I he shore hy the wind.We have been unable Io correlate the irregular horizontal distribution of the plankton with such hydrographical factors as temperature, oxygen content. Hydrogen Ion concentration, etc., and we believe I hat I he chief causal agent is the concentrating act ion of |he wind.Nevertheless. we have observed certain phenomena which cannot, be explained by this hypothesis. One of these is the occasional occurrence of Ditt/tlomus uracilis in large numbers within a limited area. There is no evidence that Diaptomus is ever concentrated by the wind.On several occasions the whole of Carrigahorig Bay was tilled with a dense concentration of large specimens of Daphnia 
I onyixpi.na. It was obvious to the eye that Daphnia was not evenly distributed throughout this area but occurred in definitely localised patches. The occurrence of littoral swarms of Cladocera, frequently of species which also inhabit the limnetic region, is well established. We suggest that the causes which result in the formation of swarms in the littoral region are also operating tn some extent in the limnetic region.It is proposed to deal with the effect of the wind on fhe horizontal distribution of the plankton at greater length in a subsequent report. Meanwhile we suggest that, on the one hand, uniform horizontal distribution, high degree of transparency of the water, poverty in plankton of the superficial water layer, and a plankton-poor zone round the shore are related phenomena, as are, on the other hand, unequal horizontal distribution, low degree of transparency of the water, richness in plankton of the superficial water layer, and marked concentration by the wind of certain species on the lee shores.

11F. The Bearing of Irregular Horizontal Distribution on 
Quantitative Plankton Investigations.In lakes where the horizontal distribution of the plankton is 



I. ’26. 116uniform, observations at a single carefully chosen station at short intervals throughout the year would doubtless give an accurate representation of the seasonal distribution of tin*  plankton. At the commencement of our investigations, observations were made at nine stations and at an early date it was apparent that the distribution of the plankton was not uniform. For this, and for other reasons, the plan of taking observations at a number of stations on the same day was continued. The results at all stations have been taken into consideration in forming a picture of the periodicity of the plankton of L. Derg. "There are marked differences betwen the results obtained in 1921 and in 1922. It is now fairly obvious that observations made al a single station for one year or less may give a very erroneous impression of seasonal distribution.

* For a definition of Seston, see Kolkwitz (1912, p. 346).

12. THE FOOD OF THE CRUSTACEA OF THE PLANKTON.

12A. General Survey of the Question.In the earlier literature references are made to lhe part played by the net phytoplankton in the nutrition of lhe zooplankton. Later Woltereck (1908A, p. .871) indicated the importance of the centrifuge-plankton as food for the Crustacea. More recently Naumann (1918 & 1921) in a very complete series of researches pointed to the importance of organic detritus as food. His results may be summarised very briefly as follows.fi) Certain species of the Cladocera, e.g., Daphnia, Bosmina and some others, may be defined as active filtrators from the manner in which they obtain their food. The mode of acquisition of food in these species contrasts sharply with that in such forms as Leptodora, Bythotrephes and Polyphemus, which he describes as the " Raubertypus ” (1921, p. 5).(ii) Filtration in the first named is wholly unselective and the total nekton  js collected. No sorting is carried out 
pluvious to the “ filtrate ante os ” being injected into the 
{flit, and all particles of a diameter of from 0.1 /x up to 10-20 g, which is the limit of the gut capacity of a Daphnia, are swallowed. Thus everything is taken, living as well as dead matter, organic as well as inorganic material.

*

(iii) These Cladocera do not masticate their food to any extent and, furthermore, there is no visible trace of digestion in the case of green Algae. Certain Flagellates and other species without cellulose cell walls are digested.(iv) The amorphous material which is found in the gut contents of these Cladocera is detritus and Naumann concludes that, as a source of food, this “ staubfeine Detritus ’ is of very considerable importance especially in lakes which are rich in it.
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12B. Results of Our Observations.hi the course of the present investigations it was commonly noticed that the guts of such Cladocera as Daphnia, Ceriodaphnia, Scapholeberis and Bosmina were packed with a dark coloured amorphous mass. Examination of the gut contents by clearing the animal in oil of cloves showed that several species of Diatoms were regularly present to a greater or less degree. This method was not considered satisfactory, however, since the effect of the clearing agenl would reduce the probability of recognising the smaller green Algae. Accordingly lhe gut contents of a number of 
Daphnia longispina from collections made at approximately monthly intervals throughout one year were dissected out. The method finally adopted was to place the specimens in very dilute potash for about to minutes, after which the gut contents were dissected out in dilute glycerin. Treatment with potash was found greatly to facilitate the extrusion of the food mass and to make it easier to spread out on the slide. The results of this examination were very uniform. In all cases the hulk of the food consisted of dark coloured amorphous matter, amongst which there were regularly a few Algae which were recognisable, e.g. 
Me/osira crenulata (single cells or very short filaments), Stephano- 
discus sp, Scc/ird asm us quadricauda and Gomphosphaeria 
lacuslris. The two last named species, even if they occurred in the distal end of the gut. were invariably intact, both in form and colour.These results agree with those of Naumann and, in view of his researches, it is to be considered as fairly certain that the amorphous matter in the gut contents was organic detritus. That such detritus was actually present in L. Derg was quite obvious if a sample of lake water was centrifuged. From a consideration of the great production of phytoplankton and of the extensive reed and weed beds in L. Derg it is probable that a large amount of this detritus is of autochthone origin. The R. Shannon, however, must play an important part in the economy of the lake by furnishing a continuous supply of allochthone detritus.The above observations refer only to those members of the Cladocera which obtain their food by active filtration. Leptodora 
Kindtii was apparently omnivorous, whilst the gut contents of the Copepoda, Cyclops strenuus, Diaptomus gracilis and Eury
temora eelo.r were found to contain a much higher proportion of Algae, especially Diatoms such as Melosira and Stephanodiscus. Naumann (1923, p. 6) concluded that Cyclops Leuckarti was omnivorous, utilising mainly the elements of the micro- and mesoplankton. The acquisition of food, he found, was selective. 
Diaptomus gracilis more nearly resembled the “ filtering ” Cladocera in its method of feeding.Naumann (1921) has given a detailed account of the manner in which the “filtering” Cladocera obtain their food. The filtrate comes to lie in a median groove—the Filterrinne—below the gut, from which it passes into the oesophagus. The contents of this bolus—lhe filtrate ante os of Naumann—are very easily examined 



I. ’26. 148if the animal is cleared in oil of cloves. The amounl of material filtered off is, in Daphnia, sometimes very large ami the nature often very varied. It was found that Diatoms, such as Melosira 
spp., Asterionella gracillima, 1'ragilaria */ ■>/>., X/e/thanm/mcits sp., and even Gyrosigma aUervaatu m are collected, together with numerous Ghlorophyceae and, of course, detritus. Oscillatoria, which was on occasions so abundant in L. Derg, on Ihe other hand was rarely seen in the bolus, even if this was dissected out and no clearing agent employed

12C. Conclusions.(i) It is evident that the fine detritus is in L. Derg, as in the lakes investigated by Naumann, of great importance in the nutrition of such species as Daphnia, Bosmina and Geriodaphnia.(ii) That consequently a direct, correlation of these species with the phytoplankton is not to be expected although the importance of the latter as a source of ” planktonic peritripton ” is probably considerable.
13. THE ECONOMIC IMPORTANCE OF THE CRUSTACEA 

OF THE PLANKTON.

13A. As Food of Fish Fry.All the most important species of fish in L. Derg and the R. Shannon spawn in the spring. The dates of spawning- noted in 1921 and 1922 were as follows: —Pike, end of February, March. Tench, middle and end of May. Rudd, May.Bream, May.Perch, middle of April to middle of May.The fry of all these fishes begin to feed about three to five weeks after the spawn is deposited. In 1921, perch fry containing food were taken on May 24, when they were 10 mm. long. Pike fry, full of food, were taken on May 25, 1921. The fry of tench, rudd and bream, containing food, were not taken before July. The fry of all these fish, therefore, begin to feed during the spring and summer, when the Crustacea of the plankton are very abundant, and when swarms of Cladocera are commonly found along the shores of river and lake.In the summer of 1921, during the prolonged drought, 
Bosmina longirostris was extremely abundant in the R.. Shannon, hi July of that year ihe fry of perch, bream and tench taken m the river were gorged with this species which probably occurred in dense swarms along the banks and in the backwaters. Some of the fry, 3-4 cms. in length, must have contained thousands of individuals,



I. ‘2G. 1 1!)Rudd fry appear to be exceptional in not feeding on plankton. Their chief food appeared to be winged Diptera, and in addition Algae (filamentous forms like Mongeotia), vegetable debris, Cladocera and Ostracoda which live amongst the weeds, insect larvae, mites, etc.In Table 81 the nature and amounl of food found \arious species of fry are shown by a few examples in the
Table 81. Food of Fry of Pike, Tench, Rudd, Bream and Perch.

1 kite Place ol 
( apturc

1 .ength 
in nun.

Food

25.V.21 Voughal Bay
(1.. Derg)'

20 Bosmina eorcgom (7), 
Polyphemus (2) and frag 
incuts ol other Cladocera.

Bench
23. V1 1.21 Hayes Channel 

(K. Shannon)
IS Cerioda fdinia /ml c hello (v. 

abd.), Bosmina longirostris 
(few), Cyclops (few).

18 Bosmina longirostris (full).
2.5. V J 1.21 18 Bosmina longirostris (17).
28. IX.21 28 Dipterous larvae (3).

5 J 26 Cyclops (1) and other 
crustacean remains.

Rudd
11.VI 1.21 Slevoir Bav

(I.. Derg)
25 Winged Diptera (full).

18. VI 1.21 Bonavccn Point
(I- Derg)

23 W inged Diptera (ahd.), 
Chydorus (sev.).

J ) ? J 19 Fragments of littoral 
Cladocera and Ostracoda.

27. VI 1.21 Droininagh Point 
(L. Derg)

20 A Iona (7).

J > J ? 19 Winged Diptera (sev.), 
('hydorus (2), Alona (2).

31. V J 1.21 1 1 ayes ( 'liannel 36 Algae (Mougeotia, etc.), 
mite (1). Ostracoda (1), 
insects (few).

Bream
10. VI 1.22 Hayes (‘liannel 19 Bosmina longirostris (full).
H.VI 1.21 Slevoir Bay 38 Bosmina Iongirostris (v. 

abd.), Polyphemus (few).
23. VI 1.21 Hayes (.'liannel .“>.5 Bosmina longirostris (full).
31. VI 1.21 ’ ’ ’ * 39 Bosmina longirostris(ix\xX.), 

Cyclops (1), mite (1), 
Dorylaimus (3), Algae 
(Microcystis, Melosira,
Botryococcus, etc.).
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Date Place of 1 .eilgtli hood

Bream
Capture in mm.

( hvdorus (few), ( antho- 
camptus (few), insect 
larvae (few).
Cladocera remains, Can-

8. VI 11.21 Slevoir Bay 35

: js

Perch

thocamptus (abd.), Ostra- 
co<l> (Jew), insect larvae 
(few). J )<>rylaimus (1), 
vegetable debris, Algae.

2. VI.21 Hayes Channel 13

1 1

Cladocera remains, Cy
ril >ps ( 1 ).
Polvphemus (13).

1 1 Polvphemus (31), ( 'vclops
(I).'

? > 15 Polvphemus ( 1 5).
8. VI. 22 Stn. A 10 Daphnia /ongispina (3).

>> Drominagh Pt. 15 bull of Bosmina coregoni 
and Polyphemus.

J3.V1.21 Hayes Channel 15 Daphnia longispina (1), 
Alonclla exigiia (1), C/zy- 
dorits sphaericns (few), 
Kurycercus (1). Cyclops 
(few), Diaptomus (few).

23. VI 1.21 Hayes Channel 1 1 Bosmina longirostris (full).
16. IX.21 )) ? > 19 C hydonis s phaeriens (2), 

Diaptomus (many). Dip
terous larva (1).

; 9 f f 65 Asci Ins (1), insect larvae 
(sev.).It is evident that the Crustacea of the plankton, and especially those species which form dense swarms near the shores, constitute the chief food of the fry of tench, bream and perch, and to a lesser degree of other species, during the first few months of their existence. It should be possible, therefore, to show some lelatioii between the rate of growth of the fry and the abundance of the Unfortunately collections of fry were only made

at very irregular intervals. The perch fry which were preserved have been carefully measured, and though the data are very scanty, they show some interesting relations with the number of Crustacea. The most complete collections were made in the R. Shannon during 1921. In Table 82 the average size of the fry at various dates, the number of specimens measured, and the total Crustacea taken in Standard Horizontal hauls of the M.S.N. are shown. It must be remembered that the spawning season of the perch lasts for several weeks, so that fry on any particular date may not all be of the same age.
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Table 82. The Average Size of Perch Kry in the H. Shannon and the numbers of Crustacea taken in Standard Hauls of the M.S.N. during 1921.

Date Average length 
in mm.

Xo. measured No. of Crustacea1. VI. 11 1 1,3547. VI. 16.1 9 —13. VI. 15.3 7 —15. VI. 20.5 7 48,32828. VI. 2G 18 53,57030. VI. 33 17 —11. VII. 3G.5 13 71,74025. VII. 17 7 —1. Vlll. — — 2,2268. Vlll. — — 58022. Vlll. 50 8 1,31829. VIII. 5G 5 —5. IX. — — 1,34719. IX. 57 10 53529. IX. GO 1 —1. X. — — — 2,64124. X. — — 1829. XI. — — 3,52029. XI. 55 15 4,110During the summer of 1921 the Crustacea of the plankton were unusually abundant until the brown flood of August 1, after which date the numbers remained small. The perch fry increased rapidly in length until the end of July, but their subsequent growth in 1921 was small.In 1922 the Crustacea in the river were much less abundant than in 1921 (vide Table 42, p. 98). Only two collections of perch fry were made in the river, the average size of which is shown in' Table 83.
'Table 83.—The Average size of Perch Fry in the R. Shannon during 1922.

'Thus in July, the perch fry were about 5.mm. less in 192- than in 1921.Turning to L. Derg, perch fry were frequently taken in townets in the limnetic region in May and June, and occasionally in July. The littoral collections have been considered separately, and the measurements are shown in Table 84.

1 late. Average length 
in nnn.

No. 
examined

3. VII. 28.3 46
10. VTT. 31.2 55
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Table 84.—The Average Size of Perch Pry taken in the Littoral
Region of Lough Berg during 1920. 1921 and 1922.

Date Average length .\ o.

1920 in mm. examine*  1

9. VIII. 3 4.1 i

1921
15. V. 8. 1 8

24. V. 9.8 25

1. VI. 12 9

24. VII. 1 1 13

15. IX. 05 8

1922
8. VI. 1 1.8 100

23. VI. 21 1

During 1921 the littoral fry in L. Derg grew at about the same 
rate as those in the R. Shannon until the end of July, but after
wards outstripped them. The lake plankton was not affected by 
the brown flood of August I to the same extent as t hat of the river, 
and quickly recovered from it, so that food was more plentiful 
in the lake than in the river during the autumn and this abund
ance is reflected in the increased growth of the fish fry.

The catches of fry in 1922 in the river and lake are not com
parable.

The average size of Lhe perch fry taken in the limnetic region 
of L. Derg during 1921 and 1922 is shown in Tabic 85.

Table 85..—The Average Size of Perch Fry taken in the Limnetic 
Region of Lough Derg during 1921 and 1922.

Date
1921

Average length 
Ln min.

No. 
examined

5. V. 8 17
1. VI. 10 22

15. VI. 12 3
*28. VI. 13 1
29. VI I. 44 22

1922
24. V. 8.2 51
8. VI. 11.8 24

28. VI. 15.3 3



These numbers are not sufficient to justify any comparison between the two years, but they indicate that the fry iai the littoral region of the lake grow more quickly than those in the limnetic region, probably because they find a rich supply of food in the dense swarms of Crustacea which occur along the shore during the summer months.
13 B. Plankton Crustacea as Food of Trout, Pollan and Perch.The Crustacea of the plankton, in L. Derg, form an important part of the food supply of three species of fish, viz., the trout, pollan and perch, not only of the fry of these species but also of the fully grown individuals. In this section the latter only are dealt with.'The total number of fish of these three species examined for food contents from L. Derg, during 1920-22, and the proportion whirl) contained food, are shown in 'Table 86.

'Table 86. Pood of Pish in Lough Derg.
Species

I l out

Total Xo.
F.xainincd

/ /

Containing Food Containing no
Foot 1

Xo.65 To81.1 Xo.12 %15.6
I ’ol Ian (>8 55 80.9 13 19.1
Perch 185 I IB 61.1 72 38.9In 'Table 87 some details are given of all the trout, pollan and perch which contained food.



Table 87.—The Food of Perch. Pollan and Trout in Lough Derg.
Date Position Species TotalNo. No. feeding on Plankton No. not feeding onPlankton Weight in grms. Stomach Chief Food Other Food

12. VIII.20 Stn. A Perch 4 3 140-170 full Aly sis Daphnia1 155 Insect larvae19.VIII.20 Stn. H Trout 5 1 225 p• Bythotrephes Daphnia, insect larvae.4 200-550 ;} tO full Fish fry insect larvae.Pollan 15 15 0 105-345 ] to full Daphnia Bythotrephes, Leptodora, insect larvae.25. VI11.20 Silver Trout i 7 0 82-280 litt.-l full Daphnia Bythotrephes,Isd. Pollan 8 o 0 310-430 ] full Daphnia insect larvae. Bythotrephes.Perch < u 160-230 4 full Daphnia Bythotrephes. insect larvae, fish fry.26.VIII.20 Stn. H Pollan 2 2 0 200-295 H fun 1 hiphnia Bythotrephes.30. VIII.20 Drominagh Trout 1 1 0 210 full Daphnia ------------- ----------Insects.Narrows Perch 3 3 0 110-340 -1 full■ Daphnia Leptodora, insect larvae,

’26.

Date Position Species Total No. No. feeding on Plankton No. not feeding onPlankton Weight in grms. Stomach Chief Food Other Food
3. IX.20 SilverIsd. Trout 5 O- 200-220160-1000 ' full* little DaphniaInsect larvae Bythotrephes. insect larvae. Fish fry.Pollan 12 12 0 150-410 1 full Daphnia Bythotrephes. insect larvae.8.IX.20 ...Stony Isd. Perch 6 6 0 85-220 4, full Daphnia Bythotrephes. Leptodora, insect larvae.10.IX.20 Stn. H T rout 2 0 2 150-170 little Fish fry, insect larvae.Perch 16 15

1
190-440

360
J full

full
Daphnia
Trichoptera larvae

Bythotrephes, Leptodora, insect larvae, Mysis.
18.1X.20 Stn. A Pollan 3 2 1 270-290410 littlev. Httle EntomostracaInsect larvae

154
1. '26.

155



Date Position Species Total No. No. feeding on Plankton No. not feeding on plankton Weight in grins. Stomach Chief Food Other Food
20. IX. 20 Stn. A Trout 1 —0 1 200 little Insect larvae1.X.20 Stn. J Trout 3 3 0 148-180 A full Bythotrephes Eurycercus, Daphnia, insect larvae.5.X. 20 Stn. B Trout o 175-193 ■’ full Eurycennis Bythotrephes, insect larvae.1 259 full Insect larvaePerch 0 2 0 185-220 1 full 1 laphnia Bythotrephes.7.X.20 Slevoir Bay Trout 0 1 1 • > 10150 fullfull BythotrephesInsect larvae Daphnia, insect larvae.
12.X.20 Stn. A Trout 5

i
1i 4 153146-350 fullJ, full 1 laphniaMayfly larvae Bythotrephes, insect larvae. Other insectPerch 1 1 0 82 •1 full Mysis larvae.25.X. 20 1’ortumnaBay Perch 1 0 1 260 full Asellus

Date Position Species Total Xo. 1
No. feeding on Plankton

iNo. not feeding onPlankton Weight in grins.
1Stomach (‘hief F ood Other Food

28.X. 20 Silver 'front 1 0 1 607 little Insect larvaeIsd.2.XI.20 Stn. H Trout 1 1 0 183 little ('ladoceia2.XI.20 Stn. H T rout 2 1 708 little Eurycerus Bythotrephes.Sida, Daphnia, insect larvae.1 873 little Insect larvae4. XI.20 Stn. A 'Prout 3 1 282 full Entomostraca2 305-515 full Mayfly larvae Other insect larvae.- Pollan 1 1 0 235 full 1 laphnia Bythotrephes.11. XI.20 Stn. H T rout 2 1 158 full Daphnia Bythotrephes, insect larvae.1 1,150   full Mayfly larvae22. XI. 20 Slevoir Perch 1 0 1 230 full Gamma rus Dragon- fl vBay larvae.
25. J. 21 Stn.. J Pollan 1 1 0 90 full Bosmina insect larvae.



Date Position Species Total No. No. feeding on Plankton No. not feeding onPlankton Weight in grins. • Stomach Chief Food Other Food
3.11.21 Carriga- ■1'rout 5 0 5 103-1,850 litt.-full Mayfly larvae Asellushorig Bay Pollan 1 1 0 260 v-litt. BosminaFerch 1 0 1 220 0 Asellus9.11.21 Stn. A 'Prout 2 o 2 237-575 full Mayfly larvae Asellus, Pisidium.Perch 9 6 230-250 litt.-A full Mvsis Asellus.3 200-240 litt.-Z full Asellus insect larvae.16.11.21 Stn. H 'I'rout 1 0 1 446 full AsellusPollan 2 1 289 litt. Bosmina1 303 lift. Mayfly larvae26. TIL 21 Slevoir Trout 1 0 1 1.710 full Asellus Insect larvae,Bay _____________ Sphaerium.19.IV.21_ SlevoirBay Trout 1 1 0 170 .1 full 1 )aphnia Bythotrephes

13.VII.21 Stn. H 'I'rout 1 0 1 21 <i little Mavllv larvaePollan 2 2 0 110-285 ’ full 1 haphnia M.ivflv larvae.Perch 10 9 60-263 } full I )aphnia Bythotrephes, insect larvae.II.VIII.21 Stn. A Trout 2 0 2 345-1520 litt.-A full Fish frvPerch 6 0 6 200-295 little Fish fry Asellus, 
Sphaerium, 
Insect larvae.

Date • Position Species Total No. No. feeding onPlankton No. not feeding onPlankton Weight in grms. Stomach Chief Food Other Food
18.VHI.21 Stn. H Perch 5 0 5 241-485 litt.-full Asellus (iammarus.Sphaerium. Mayfly A otherinsect larvae.2.IX.21 Stn. H T rout 1 1 0 518 full Trichoptera Leptodora.larvae insect larvae.Perch 5 4 210-260 4 full Leptodora Insect larvae,perch fry.8.IX.21 Silver Isd. Trout 2 0 2 338-395 litt. Trichoptera Other insectlarvae larvae.Perch 9 7 70-225 litt.-full Leptodora, Bosmina, insectDaphnia larvae.2 240-269 iitt.-full Asellus Mayfly larvae, fish fry.26.X. 21 Stn. A Trout 1 0 1 267 \ full Insects Insect larvae.Perch 4 0 4 212-296 full Perch fry16. JI.22 Stn. A Perch 5 0 5 ______________67-109 litt.-4 full Asellus Ga mm ar us,insect larvae.16.III.22 Slevoir Trout 2 0 2 —950-970 full Asellus Insect larvae,Bay Perch 1 0 * 1 380 full Asellus Sphaerium, fish fry.Gammarus.
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Other Food Asellus

, Eury- 
cercus. Mysis. Bythot

rephes
, 

Leptod
ora. 

Leptod
ora,

Bythot
rephes

, 
Mysis, Asellus, insect larvae. Perch fry. Mayfly

 larvae.
Chief Food j Daphn

ia
Asellus Asellus Daphn

ia Daphn
ia

Insect larvae Insects '_________
______ Asellus Asellus

Stomac
h

1 full litt. full 1 full H full I-1 full
; A full litt. litt.-ful

l

Weight
 in ! grms. 210-27
8 80 116 170-31
0

130-33
3 70-120 920 114 117-28
5

Xo. not feeding
 on Plankto

n 1 ________
______

0 3 1 1 3

Xo. feeding on Plankto
n 3 1 13 5 o 0 0

Total Xo. 3 2 18 8 1 1 3

Species Derch Perch Pollan Perch Trout
1

T rout
: Perch

Positio
n

I Slevoir Bay Stn. A
1 Stn. A Slevoir Bay   
j Stn. A

Date i 30. III.22 10. IV. 22 19. VII.22 4.IX.22 14.11.2
3



I. ’26. 161In addition, one trout was taken on October 15, 1920, near Hayes Island, in the R. Shannon, containing Bythotrephes. The latter species does not occur in the river, and the fish was obviously running up from the lake to spawn.Mysis was found in the stomach of one pike, and Bosmina in the stomach of one rudd.'The data contained in 'Table 87 may be summarised as fol lows :
Species Nil in her of feeding fish Feeding on PlanktonNo.  %'Trout 65 26 40Pollan 55 53 96.4
Perch 112 72 64.3So far as pollan are concerned, il is evident that in L. Derg this species feeds almost exclusively on plankton. Its distribution in Ihe lake is obviously dependent on this diet. It is much less abundant in the northern area than in the central and southern areas. In the northern area it was never taken in large numbers, the largest catch being 15 in 5 Pollan Trammels at Stn. II on August 19, 192b. On March 7, 1919, 302 Pollan were taken in 22 Pollan trammels set near the Corrigeen Islands in the central area of the lake. For prolonged periods it appears to be absent from the northern area, and its presence there usually, coincides with an abundance of plankton Crustacea. Its absence or scarcity in the northern area is almost certainly due to the fact that the crustacean plankton is frequently almost entirely removed from that area by floods in the R. Shannon.As regards the trout and the perch, the importance of the plankton Crustacea in their diet, as shown by the above figures, is rather astonishing. It must be remembered that the fish were all taken in the northern part of the lake where, as explained above, the plankton Crustacea, at certain seasons, are greatly reduced in numbers, and it was usually during these periods (e.g., February, 1921 ; August, 1921) that the trout and perch turned to other sources of food. In the autumn of 1918 a small number of fish were examined for food at a place about half way down the lake and in them the proportion of fish feeding on plankton, especially on Mysis relicta, was even larger.Tate Regan (1911, p. 70) says of trout:—“ Their diet consists of shrimps, water-snails, insects, worms, &c., and small fish, such as Minnows or the young of their own species.” Of the pollan he says (tom. cit., p. 119) ” The staple food of the pollan appears to be...................{Mysis relicta}, but examination of their stomachshas shown that they also appreciate insect larvae, shrimps, small bivalves, and the fry of other fishes.” This statement probably refers to the pollan of Lough Neagh.(if the perch he says (tom. cit., p. 225) “ Their prey, which consists of worms, insect larvae, shellfish, &c., and of little fish such as Minnows, Gudgeon, and Bleak, and the fry of other species.”



I. 26.It appears probable that the current ideas as to the nature of the food of trout and perch are based chiefly on the examination of specimens from rivers, where the Entoniostraca are relatively few in number. In L. Derg, on the other hand, the main source of their food is evidently the Crustacea of the plankton. Next in .importance is the Isopod asellus aquaticus, followed by Mayfly larvae, other insect larvae, fish fry. Gammarus puler, and small shell-fish.
14. SUMMARY AND CONCLUSIONS.In the following paragraphs a very brief summary of this Report and of the conclusions drawn from these investigations is given, the number preceding each paragraph being the same as the section with which it deals.1. An account of the origin and history of the Limnological Laboratory and of the investigations carried out in the period 1920-3.2. Description of the equipment of the Limnological Laboratory.3. Description of the Geography and Geology of the Shannon basin, of the area of the investigations and of the position of the Stations.4. The plankton of L. Derg and of the R. Shannon was examined quantitatively from September, 1920, to March, 1923. The Crustacea of the plankton were collected by means of townets which were hauled both horizontally and vertically. A medium silk net was used, having 22-23 meshes in 10 mm. Owing to the shallowness of the area investigated, vertical hauls were considered of little value, although they were taken at all Stations, and the periodicity of the various species was determined from horizontal hauls. These were made at the surface and at the bottom, the net being towed over a measured distance of 100 yards in 4 minutes. To reduce the possible error involved in the method of horizontal hauls where the vertical distribution is not uniform, the catch of the surface and bottom hauls has been averaged. Plankton collections and hydrographic data were obtained at from five fo seven Stations, one of which was in the R. .Shannon, at approximately fortnightly intervals. The numbers of the various species present in each catch were determined by counting. If the catch was small, a total count of all organisms present was made. If large, the catch was diluted to a known volume and a definite fraction, usually 25 c.c., removed and the organisms therein enumerated. The “ probable error ” of the counting method was found to be about + 5% of the mean. It was found that the catching power of the nets employed was not greatly affected by age and use.5. Daily records were kept of the temperature of the air and water, rainfall, water level and force and direction of the 

162



I. '26.wind. Records of sunlight were obtained from the Meteoio- logical Station at Birr Castle. Measurements of the transparency of the water, the oxygen content and the Hydrogen Ion Concentration were made at regular intervals.A. The temperature of the water ranged from 2.4° to 25.0° The sharpest rise occurred during May.'There is no thermocline in L. Derg and the bottom water in the deeper parts of the lake differs only slightly, throughout the year, from the surface water in respect to its temperature and oxygen content. 'The deeper water is therefore able to support a large population of bottom living forms, plankton and fish (pollan).B. 'The rainfall during 1921 and 1922 was below the average. After heavy rain the river water is heavily charged with sill and is quite brown in colour.G. Westerly and south-westerly winds greatly predominate'! and on the whole blew with greater force than the easterly and north-easterly winds.I). 'The limit of visibility of the Secchi Disc ranges, in the R. Shannon, from 2 to 2.9 metres, and during periods of Hood may be as low as or lower than 0.6 metres. In L. Derg it ranges from 1.4 metres after a flood to 4.8 metres.IC. 'The total number of hours of sunshine in each month ami the daily mean number are given for 1921 and parts of 1922. and 1923.I<\ The chemical analysis of the water of the R. Shannon and L. Derg shows that the salt content of the lake is somewhat higher than that of the river. The ratio -Ca + Mg is low.G. 'The p\ 1 value in the R. Shannon ranges from 7.8 to 8.3 and in L. Derg from 8 to 8.4, and is typical of a drainage area, where the rocks are composed chiefly of limestone.11. The dissolved oxygen (during the period from October, 1922, to March, 1923) ranged from 71.9 to 101.9 per cent, of saturation.6. Bach of the component species of the plankton has one or more annual periods of maximum abundance. During the spring and autumn so many of these periods coincide as to constitute the “ spring maximum " and the “ autumn maximum.” The use of the centrifuge indicates that, so far as the phytoplankton is concerned, the importance of these two phases has been exaggerated.The phytoplankton of the R. Shannon and L. Derg is characterised by the relative scarcity of the Desmidiaceae, by the dominance of the Diatomaceae in the spring and to a lesser degree in the summer, by the dominance of filamentous and colonial forms over those consisting of a single cell, and by the large number of species occurring at one and the same time.Well marked spring and autumn maxima are shown by the Crustacea of the plankton, though certain species are only present during the summer, and have only a single maximum.



1. ’26. I (i I7. The seasonal distribution of the various species of Crustacea composing the plankton is shown. The most ini portant species is Daphnia longispina, but at certain periods of the year Bosmina coregoni, Leptodora Kindtii or IHaptomus 
gracilis may be the dominant form. Other important constituent species are Bosmina longirostris, Bgthotrephes longimanus, Eurg- 
temora velox and Cyclops strenuits.8. The factors tending to produce the spring and autumn maxima are discussed. It is shown that in the case of those species which have two annual maxima, the size of the maxima appeared to alternate in pairs.9. In a comparison of the planktomof the R. Shannon with that of L. Derg, it appears that (a) there is no great difference in the total amount of centrifuge plankton produced per unit volume of water in the river and lake, except during the late spring and summer months, when the amount in the river exceeds that in the lake ; (b) during the winter Hood and early spring the Rotifera in the river are equal to or more numerous than those in the lake, but from late spring to late autumn they are much more numerous in the lake than in lhe river ; (c) the plankton Crustacea are at least seven times as abundant in the lake as in the river, the proportion differing for each species. Certain species such as Bgt hot re phes longi
manus and Mysis relicta arc rarely found in the river, other species, such as Daphnia longispina, Bos m i na coregoni, Leptodora. 
Kindtii are relatively scarce in the river, whilst other species, such as Bosmina longirostris, Dia ptom its gracilis, I'm rgt e mor a 
velox and Cyclops strenuus are as plentiful in the river as in the lake.T'he effects of brown floods on the plankton of the river and lake are sometimes catastrophic. Some species are much more affected than others, and the effects vary according to other conditions.During a period of prolonged drought, the plankton of the liver tends to approximate in numbers and composition to that of the lake.

lhe factor which promotes the differences normally existing between the plankton of the river and that of the lake is considered to be the relative instability of the hydrographic conditions in the river.10. The effect of the wind was demonstrated in causing a surface drift whereby certain species of Cladocera, which are normally most abundant in the superficial water layers, are driven along and concentrated on the lee shore. In the same way, other groups of the plankton which are less abundant in the superficial than in the lower layers, tend to be withdrawn from the lee shore. It is suggested that, in certain lakes in which the superficial water layer carries relatively few specimens of Crustacea compared with the lower levels, the effect of the wind is to concentrate this plankton-poor water along the shore, thus giving rise to the phenomena of the “ plankton-poor zone ” and 
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the “flight from the shore” (t' ferfkichl) which have been 
observed by many continental investigators.

11. L'tilising the results obtained by fishing two similar nets 
side by side as a standard of uniformity, it was found that the 
horizontal distribution of the Crustacea of the plankton is 
markedly irregular in L. Derg.

The frequent occurrence of littoral swarms of various species 
ol Cladocera was observed. Evidence of the occurrence of 
swarms in the limnetic region of the lake is given. It is suggested 
that such swarms may, in some cases, be formed by the con
centrating action of the wind.  

         
'The catch of nets hauled vertically by day exceeded the catch 

of similar nets hauled al night and it is shown that this difference 
is due to the capacity of the Crustacea to avoid the net in the 
upper illuminated water layer during the daytime.

12. Observations on the food of the Entomoslraca support 
the work of Naumann on the importance of the line detritus 
as a source of food.

13. The importance of the Crustacea of the plankton as food 
of the fry of pike, tench, rudd, bream and perch is demonstrated. 
It is indicated that the rale of growth of perch fry is related to 
the abundance of the Crustacea.

In L. Derg, the Crustacea of the plankton constitute almost 
the entire food of the pollan. During the periods when the 
Crustacea are abundant, they are the chief food of the adult 
perch and trout.
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Sci. Invest. I. ’26. Pl. II.

Comparison of catch of M.S.N. with that of Nansen Net during 1921 at Stn. A. ______________ M.S.N., one verticalspace = 25,000 Crustacea; — — Nansen, one vertical space = 1,500 Crustacea.
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Comparison of catch of M.S.N. with that of Nansen Net during 1922 at Stn A ______________ M S N one verticalspacer25,000 Crustacea;-----------------------Nansen, one vertical spaa=1,500 Crustacea. 
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Temperature of R. Shannon at Hayes Isd. ______________  1921 ; ___________________ _______________  1922.



Rainfall and Water Level at Hayes Isd. during 1921. ------------------ Rainfall, each vertical space = .25 inches oflain pe> week . —- u atci level, weekly average; each vertical space = 3 inches in heightabove the sill at killaloe. '



Rainfall and Water Level at Hayes Isd. (luring 1922. <----------- Rainfall, each vertical space =.25 inches ofrain per week ;----------- — — Water Level, weekly average; each vertical space = 3 inches in height abovethe sill at Killaloe.
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Volume of the catch of the F.S.N. at Stns. A ami J during 1921.______________Stn. A:_____________________ Stn. T.Each vertical space =10 c.c.



Seasonal distribution ol the Centrifuge Plankton of the River Shannon at Hayes Island during 1922. Number ol individuals per cubic metre of water.

Sei. Invest. I. ’26. 
Pl. VIII.



Total Crustacea at Stn. A in 1921 and 1922. Average of surface and bottom M.S.N. catches. Each vortimi 
space = 25,000 Crustacea. ----1921;------------------------- 1922.
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Seasonal Form Variations of Daphnia longispina in L. Derg, at Stn. A.  

during 1922.

ScjM.n.il


Daphnia longispina at Stn. A in 1921 and 1922. Average of surface and bottom M.S.N. catches. Each vertical   
space = 25,000 indivisuals.-- 1921 -------------------------------  1922.
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Bosmina corcgoi at Stn A in 1921 and 1922. Average of surface and bottom M.S.N. catches. Each vertical 
space = 12,500 individuals.---1921;-------------------------- 1922.



Bosmina coregoni at Stn. J from Janurary, 1921, to March, 1923. Average sof surface and bottom of M.S.N
catches. Each vertical space = 20,000 individuals. 

Sei. Invest. 
I. *23. 

p] 
XTII.



Sei. Invest. 
I. 

'26.

Leptodora Kindtii. Average of surface and bottom M.S.N. catches at Stns. A. G. and J. in 1921 and 1922. Each  
  vertical space = 1,000 individuals. ---------1921;-------------------------1922.
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Diaplomus  gracilis at Stn. A from December 1920, to March, 1923. Average of surface and bottom M.S.N. 
catches. Each vertical space = 2,000 individuals..1920;-------------- --- 1921  1922;

---------------------  1923.
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