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New Zealand Fresh Water Eels





        

          New Zealand Fresh Water Eels
        

        


D. Cairns,


Secretary of Unesco, Education Department, Wellington.

        

          
In the early days of New Zealand much blood was shed over the rights to this or that eel water, so highly was the fish prized by the Maoris. It is not surprising therefore to find that much of the literature available on the eels deals with Maori methods of fishing for it and Maori interpretation of the various phenomena in its life history. The eel in New Zealand has also attracted the interest of the pakeha but little extensive or intensive study has been undertaken until recently. In an earlier series of papers the writer set out some preliminary studies on the biology of the two species (Cairns 1941 and 1942 a and b) of fresh water eel in New Zealand. The present paper summarizes some of the results obtained over a period of ten years and indicates some of the problems still requiring solution. If you have pondered over such questions as the age of eels, their breeding and feeding habits and why some eels grow to giant sizes, then you will find the answers in the pages that follow.

        

        

          
Taxonomy

          
Despite many claims by Maoris and others to the contrary, fisheries biologists now generally agree that only two species of eels exist in fresh-water in this country. Schmidt 1927 and Griffin 1936, are the two prnicipal authorities in this connection, the latter establishing the names 
Anguila dieffenbachii Gray for the commonly called “long-finned” eel and 
Anguilla australis schmidtii Phillips for the “short-finned” eel. The common terms “long” and “short” refer to the length of the portion of the dorsal fin projecting forward beyond the position of the vent on the ventral surface.

          
The principal differences may be summarized as under:



	
A. dieffenbachii
	
A. australis schmidtii


	1. Dorsal fin much longer than ventral fin.
	1. Dorsal fin approximately equal in length to ventral fin.


	2. Vomerine teeth in a narrow band tapering to a point.
	2. Vomerine teeth in club-shaped formation.


	3. Eye above and forward of angle of jaw.
	3. Eye directly above angle of jaw.



          


          

            

[image: Fig. 1—Long-finned eel. (a) Outline of eel showing position of dorsal fin, thick lips and position of eyes; (b) upper jaw. (Note central or vomerine band of teeth.)]
Fig. 1—Long-finned eel. (a) Outline of eel showing position of dorsal fin, thick lips and position of eyes; (b) upper jaw. (Note central or vomerine band of teeth.)


            

[image: Fig. 2—Short-finned eel. (a) Outline of eel showing position of the dorsal fin and eye; (b) upper jaw. (Note the central or vomerine band of teeth and the thin lips.)]
Fig. 2—Short-finned eel. (a) Outline of eel showing position of the dorsal fin and eye; (b) upper jaw. (Note the central or vomerine band of teeth and the thin lips.)


          

          
The most reliable method of separating the two species is based on the differences in length of the dorsal and ventral fins in relationship to the total length of the body. The distance between the anterior edge of the dorsal fin and the anterior edge of the ventral fin is measured along the lateral line of the specimen and this length is expressed as a percentage of the whole length. Measurements over a range of many thousands of eels have given the following figures—long-finned eels, 6% to 19%; short-finned eels 1% to plus 5%. (In the case of minus readings the dorsal fin is shorter than the ventral.)

          
No other character is as constant as the fin measurements and it is possible, without error, to separate all specimens on this character alone. Only fragmentary material representing the males of the short-finned species has, however, been examined.

        

        


        

          
Age and Growth

          
Scales first form along the lateral line in the posterior third of the body in the seventh year of life. They injure easily and regenerate freely, consisting of a series of concentric platelets representing years of growth. They are not reliable when used alone.

          
Otoliths (ear bones) contained in small capsules at the side of the brain are used in conjunction with scales and calculate the age of eels. After removal, otoliths are subjected to a long process of grinding until they are thin enough, when cleared in aniline oil, to reveal the annual “rings” of growth. During periods of active feeding in the spring and summer months of the year a substantial increment of loosely packed bony growth is added to the otolith whereas during the autumn and winter months when little food is taken only a narrow zone of tightly packed material is added. Viewed under the microscope the zones appear clear (spring and summer) and dark (autumn and winter). A count of the total clear or dark zones gives the age of the fish. In the early years of life when growth is rapid the zones are clearly marked but the age of eels over 12 years cannot be read with great accuracy since both zones become narrow in extent and crowded on the edge of the otolith.

          
Age determinations with otoliths are based on the assumption that the nucleus of the otolith is complete when the elvers (young eels) reach fresh water and that it represents a larval period of two years.

          
As far as New Zealand eels are concerned only indirect evidence can be brought to bear to confirm these two assumptions.

          
In the first ten years of life N.Z. eels grow to an average size of 47.8 cm. (short-finned eels) and 39.0 cm. (long-finned eels), which is fairly close to lengths for eels in Europe. Sex organs are not differentiated at this size. In the next five years of life, N.Z. long-finned eels fifteen years old range between 75.1 and 88.9 cm., but British eels reach only 48 cm. Short-finned eels in N.Z. over the age of fourteen years have not been found—at this age, however, the range of size is 75.0—92.5 cm. The shirt-finned eel of N.Z. grows more rapidly and matures quicker than the long-finned eel. Specimens of the latter over twenty years of age have been recorded. Both species in N.Z. outstrip in size the recorded figures for British eels.

        

        

          
Migrations

          
Little is known of the sea life of the larval eels on their way from their breeding grounds to the rivers of New Zealand. An occasional 
Leptocephalus has been recorded from the coasts—this being the name commonly given to the leaf shaped larval form of the eel captured from the sea. Metamorphosis normally occurs some distance from the coast and the young needle-like elvers move into the estuaries of rivers and streams.

          


          
Three distinct migrations have been observed in New Zealand.

          
The first occurs from October to December each year as indicated above when elvers (2 years old) move from the sea into fresh water. Many of these “runs” consist of millions of young eels. Moving at night or during floods they are not frequently observed. This migration ends as the young eels find suitable cover and feeding grounds in the lower reaches of streams and rivers. Here they remain for the next 4 or 5 years.

          
Shortly after the arrival of the seaward migration in this habitat an upstream migration of eels occur. These are 4-5 year olds. This upward migration has been trapped by the writer at certain points on a number of New Zealand rivers and it is now known that it is an annual event and takes place at the end of January each year.

          

            

[image: Fig. 3—Metamorphosis of the eel larvae from the Leptocephalus stage to an elver (after Schmidt).]
Fig. 3—Metamorphosis of the eel larvae from the Leptocephalus stage to an elver (after Schmidt).


          

          
During February and March mature female eels (10-14 years old) from upstream waters move down to the sea to commence their journey to the ocean spawning grounds. These seaward migrations are also annual events. At Lake Onoke, Ellesmere and Forsyth where a bar of sand or gravel often forms at the outlets spectacular accumulations of these mature migrants may be seen during the autumn months attempting to get to sea.


The figures in this article are reproduced by courtesy of the Editor of the New Zealand Journal of Science and Technology.



          


          
Normally about 12% to 18% of upstream eel populations show signs of maturing and preparing for the downstream run (see full details of anatomical and physiological changes later) by mid-summer. By April only 1.3% of the eels which would normally be considered migratory (from gonad development) are left upstream. These individuals are temporarily delayed in development (causes not known) or are permanently sterile. These latter are the “giants” in the eel population so well known to most New Zealanders.

          
Eels move seawards in a definite sequence. First the upstream females move to brackish waters where the join the males. The migration into the sea is first made by the males of the short-finned species, followed by the females of this species. The males of the long-finned eel then move seaward and the last movement is made by the females of this species.

        

        

          
Distribution

          
By systematic trapping over most of New Zealand and by obtaining access to records kindly made available by fishermen and biologists of the Marine Department, the writer has established a fairly definite pattern for the distribution of the two species in New Zealand waters.

          
Schmidt (1927) in a brief report following a visit to New Zealand attempted to work out the distribution from rather meagre material—at least half of his 1,400 specimens were captured during migrations. Migratory eels must be eliminated for the sample on the basis that the point of capture does not indicate their true habitat. He can b brought to bear to confirm these two assumptions. considered that the short-finned eels were confined chiefly to the north and east and the long-finned eels to the south and west of New Zealand.

          
The widespread sampling of the writer has revealed the following distribution: The long-finned eel inhabits all types of water from tiny streams to the largest rivers, coastal and inland lakes, brackish estuaries and lagoons in both Islands. In the colder waters it is generally the predominant species.

          
The short-finned eel on the other hand is not distributed throughout all the fresh-water in this country. In the South Island it remains principally in the tidal waters of streams and rivers, in the coastal lakes and in some low altitude inland lakes. In the North Island it is much more widely distributed being the predominant species in the lake fed rivers of the Auckland Province. It appears to favour warmer water than the long-finned eel and particularly areas where rapid temperature changes do not occur. The exact environmental requirements need further study.

          
All eels captured in New Zealand waters above tidal reaches have been female eels. The significance of this most interesting observation is dealt with in a later note on the development of sex in eels. The



location of nothing but female eels in upstream waters has been confirmed recently in other countries. Male eels normally inhabit estuarine waters and coastal lakes subject to tidal influence. The population of estuarine areas is not, however, exclusively male.

        

        

          
Barriers to Migrations causing Anomalous Distribution

          
The problem of eel access to certain waters has exercised the minds of many observant people. There appears to be two divisions to the problem. (1) How do eels gain access to certain lakes and ponds cut off from streams or rivers? (2) Why are some rivers and/or lakes without any eel population at all?

          
With regard to the first question the answer in most instances is fairly simple. Eels migrate across country from streams and rivers during wet or dewy nights and will travel fair distances. In the case of one or two lakes in New Zealand, however, it is likely that eels gain access through a subterranean stream when in the “needle-like” stage. In at least one case (Lake Virginia, Wanganui) no exit is available for mature migrants which reach gigantic sizes and die in the lake.

          
The second problem—that of rivers and lakes without eel population is of great interest. Some of the best known areas are Lakes Rotorua and Rotoiti, Lake Taupo and the upper part of the Waikato River to the 
Huka Falls, also the upper part of the Waiai-ua River in Marlborough and the Waihou River above Ohoroire. There is ample evidence that young eels can traverse vertical rock walls provided they are damp and thus by pass the steepest waterfalls out of the main rush of water. The “barrier” to eels in each of the examples cited above consists of a short stretch of river through which the water rushes turbulently and at great speed, the smooth rock walls forming no shelter for fish. While trout and salmon (if they were present) can negotiate such “barriers” eels will not. The waters above the “barriers” are thus free of eels. Attempts to acclimatize eels above these sections of water (principally by the Maoris) have always failed because the mature eels will migrate downstream past the “barrier” on their journey to the sea and further eels can not migrate upstream past the “barrier” to replenish the stock.

          
These eel-less waters present interesting evidence on the effect of the absence of eels on trout populations. This is discussed in more detail later in this paper.

        

        

          
Hibernation

          
There is a definite correlation between water temperatures and feeding velocity in the eel. Low water temperatures as winter approaches result in fewer eels being observed actively feeding at night. With the onset of winter eels hibernate to deep mud in backwaters, swampy areas or drains where they lie dormant until spring. Hibernation has been amply confirmed by trapping and observation in the winter months in



rivers and streams and by recovery of the dormant eels during swamp excavations. Eels recovered by this method are curled up tightly and encased in a gelatinous slimy cover. Physiological studies particularly oxygen consumption of the blood might prove interesting.

          
In the warmer lake controlled or spring controlled rivers and streams hibernation of the whole population of eels never takes place. Even in mid-winter some eels can be seen actively moving around and feeding at night.

        

        

          
Food of Eels

          
Over 10,000 eels have been examined and their gut contents noted.

          
For the purpose of presenting this information three rather arbitrary groups have been established. The first consists of eels up to 40 cms. in length—these normally live a semi-subterannean existence, seldom, if ever, feeding in open water. The second group comprises eels from 41 cms. to 75 cms., feeding actively in the open but restricted somewhat in choice of food by the size of the mouth gape. The third series, eels 76 cms. and more are not restricted in any particular way in the choice of food.

          
Both long- and short-finned eels in the first groups were found to live on much the same diet consisting of the following organisms (principal genera only given): 
Crustacea (Water fleas); 
Paracalliope; Daphnia; Oligochaetes (Worms); 
Lumbricus; Ephemeroptera (May-fly larvae); 
Ameletus; Deleatidium; Atalophlebia; Trichoptera (Caddis-fly larvae); 
Pyenocentria; Olinga; Hydropsyche; also a small number of Molluscs and Coleoptera larvae. The habitat occupied by eels in this group is quite clearly reflected in the food consumed.

          
The next group 41 cms. to 75 cms. are more diverse feeders in open water. Principal items in the diet of the long-finned eels are as follows: 
Ephemeroptera (May-fly larvae); 
Trichoptera (Caddis-fly larvae); 
Mollusca (Fresh-water snail and mussel); 
Oligochaeta (Worms). Subsidiary groups identified and of some importance included: 
Diptera (two-winged flies); 
Crustacea (Crayfish, crab and shrimp); 
Fish (various including bully, inanga, 
Retropinna or smelt and trout); Coleoptera (Beetle larvae and adults).

          
In this group the short-finned eels consumed very much the same types of food but the order of preference shows a distinct change and no Ephemeroptera are recorded. The principal items in order of preference are as follows: Mollusca; Oligochaeta; Diptera; Crustacea; Trichoptera.

          
Main genera noted were: 
Ephemeroptera (except in short-finned samples); 
Ameletus; Deleatidium; Ameletopsis; Coloburiscus Trichoptera, 
Olinga; Pycnocentria, Hydropsyche; Hydrobiosis; Crustacea; 
Paranephrops; Xiphocaris; Daphnia; Boeckella; Mollusca; 
Potamopyrgus; Isidera, Myxas; Diptera; 
Chironomus; Austrosimulum; Calliphora; Bombylius; Oligochaeta; 
Lumbricus; Coleoptera; 
Odontria; Pyronota.

          


          
In the largest size group of eels 76 cms. and over, the very diverse nature of the diet is again notable. The preference for certain types of food changes again. The order for the long-finned eel is as follows: Salmonidae and other fish; Crustacea; Mollusca; Ephemeroptera; Trichoptera; Coleptera; Oligochaeta; miscellaneous groups.

          
For the short-finned eel quite a different pattern is observed. Trichoptera tatke preference followed by Mollusca, Oligochaeta and Crustacea.

          
Food habits alter, however, with the season of the year and the habitat of the eel. Detailed samples have been recorded (Cairns, 1942a) illustrating the food of eels in many different environments in New Zealand.

        

        

          
Eel-trout interrelationship

          
An analysis of the trout contained in long-finned eel stomachs indicates that this eel is a predator on trout fly and fingerlings after a certain stage has been reached in its growth. Later it includes large trout in its diet. Many trout bear distinct eel scars indicating that they have succeeded in escaping capture—the proportion of scarred trout in some streams is as high as 15% of the legally takeable stock.

          
It has also been observed that in those waters where eels are absent, very heavy stocks of trout are carried, some of the lakes and rivers providing first class fishing.

          
The most important factor, however, in the eel-trout interrelationship is the continual competition for food between the two fish stocks. A comprehensive study of the gut contents of eels and trout from the same habitats has revealed that the two are direct competitors for the same types of food. The heavy stocks of endemic eels in our rivers and streams therefore impose a limit on the population of trout (an acclimatized fish) which can be supported. As erosion and pollution reduces the food supply it seems most likely that trout populations will suffer in greater degree than the more diverse and easily adaptable eel particularly since it is a native of our waters.

        

        

          
Development of gonads

          
The Dutch worker, Tesch (1928) asserted that all eels under a certain size were not sexually defined and that determination of sex was dependent on environment. He considered that male eels developed in brackish and salt water—females in fresh running water. Much evidence has been accumulated to support this contention both by overseas workers and the writer. Certainly no male eels are to be found in New Zealand rivers beyond tidal influence. Transplanting of stocks of young eels (prior to gonad development) from tidal areas to an upstream habitat consistently results in the development of females. In the original environment the remainder of the sample develop 
en-



tirely as males. Further studies are necessary here and interesting histological and genetical material should be available.

          
The male sex organ consists of a considerable number of flat petal-like smooth lobes situated in a band on either side of the intestine. Within the separate lobes tubes are developed for the transference of sperms to a common duct which passes back to open near the vent. It seems probable that the opening of the vent is used for the extrusion of the sperms.

          
The female sex organ is situated in the body cavity in a position similar to that of the male gonad. When immature it is a delicate pinkish band on either side of the gut, one edge of which is attached to the body wall and one free. As maturity approaches, the bands widen and become creamy-yellow in colour. When the maximum development in fresh-water is attained they are yolk-yellow and in the form of an extensively convoluted frill. (The outer edge of the ovary is much longer than the inner attached edge.) The eggs (ova) are situated on the lamellae on the outer side of the ovary and may number up to four or five million. They are probably liberated in the body cavity and passed out of the vent.

          
Other phenomena noted during the development of the gonads as maturity approaches are as follows: General loosening of pigment in the melanophones, increased size and clarity of the eye, atrophy of the gut, general prominence of the lateral line cells.

          
The atrophy of the gut in the migrant eels has, of course, interesting repercussions from the fishing angle. The Maori knows well that the downstream migrant eel on its way to the sea to breed cannot be caught on a baited hook. They are captured but only in unbaited pots set in the path of the shoals of migrants. When the eel reaches salt water the gut consists of only a narrow strand of tissue—the gonads almost fill the abdominal cavity.

        

        

          
Physiology of the Eel

          
Many problems in physiology have been studied particularly in the migrant eel. Further studies are required.

          
The following important changes are worth noting, (1) colour changes due to expansion and contraction of the melanophones and xanthophones; (2) eye changes which may be regarded as an exophthalmic condition due to a thyrotrophic stimulation; (3) development of sexual organs due to a gonadotrophic stimulation; (4) various anatomical changes including atrophy of the gut, gross morphological changes in the head and stimulation of the lateral line glands.

          
Many of these changes must, in addition to be associated with the development of the gonads, be related to the eels journey to salt water and ultimate spawning at great depths under extreme pressure.

          


          
The colour changes have on preliminary examination appeared to result from activity of the posterior lobe of the pituitary. The silvery colour of the eel on embarkation into the sea indicates that all pigment has been released.

          
The eye changes appear to result from the activity of an anterior pituitary hormone on the thyroid gland. The eye enlarges and the pupil becomes more prominent. Evans (1940) who has also made a preliminary study of this subject discusses the connection of external conditions with the brain through the lobes inferiores of the infundi-bulum and thence by two ganglia to the pituitary. The sensitivity of eels to thunder indicates that connections may be of importance in the transfer of stimuli.

          
In the last two months before migration there is a great increase in size of both the anterior and the posterior lobes of the pituitary, there is a remarkable activity in the cells of the posterior lobe and a pronounced change in the cell contents of the anterior lobe.

          
Attention has already been drawn to the fact that a small percentage of eels remain sexually immature (all females in New Zealand) and these exhibit the phenomenon of gigantism.

          
It is probable that eels 20lb.-50lb. in weight and approaching six feet in length would fall into this category. Populations of eels imprisoned in ponds by special conditions may exhibit a high proportion of giants. In normal river populations only a small percentage fail to migrate and develop as giants. The evidence suggests that if the eel is prevented from going to sea or normal sexual development does not take place the gonadotrophic hormone is replaced by the growth hormone and gigantism follows. A similar pathological condition may occur in children resulting in gigantism and in adults acromegaly.
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          Climate Relations of Fossil and Recent Floras
        

        
by 

W. F. Harris


Botany Division, Department of Scientific and Industrial Research.

        

          
1—
Introduction: The Record of Climate Change

          
Studies of climate change and of the dating of pre-historic events are closely inter-related and have reached their highest development in the northern hemisphere. Fluctuations of temperature and of humidity have left their record in layered sediments, in pollen deposition and in the growth rings of trees. In soils, in peat bogs and in areas of living forest evidence of change may be found. Fiords and lakes, U-shaped valleys, mounds of debris, striated rocks and huge boulders lying far from their place of origin bear eloquent witness to the eroding power of the great ice tongues of which our glaciers are the dwarfed and dwindling vestiges. So thick were the ice sheets formed in high latitudes during the last glaciation that areas as large as Scandinavia were weighed down by their burden and have been slowly rising again in post-glacial time.

          
How living conditions were affected when the fourth and last Pleistocene glaciation reached its maximum and the long task of melting away the glacier ice was begun, is graphically described by E. M. van Zinderen Bakker in his account of the peat areas of West Holland. The last glacial stage, he says, was characterised by a polar climate with severe cold. The ice-mantle which reached from Scandinavia across Germany to the river Elbe left the west of Holland uncovered, and this region supported a tundra vegetation wherein lived typical arctic animals—reindeer and giant mammoths.

          
Very slowly the climate became milder. The summers could have been quite warm in the tundra but bitterly cold winters continued still for thousands of years. In the woodless region, where in favourable seasons wandering hunters followed the reindeer herds, the soil remained permanently frozen throughout the winter cold. In the summer superficial layers thawed and water collected in the deeper parts, which could not find an outlet through the ice-floor. In these swamps lived a species-poor flora comprising the water trefoil and a few sedges and mosses, while around them when the cold was less severe grew dwarf birches.

          
The climate of this period was characterised by warm summers and cold winters and, moreover, by long continuing snowstorms. The accumulating continental ice locked up much moisture which normally drains off the land into the sea. The result was a lowering of ocean levels and withdrawal of the sea from the continental margin. The west of Holland in this period is described by van Zinderen Bakker as a flat sloping terrain that descended toward the great dry plain of



the North Sea, a monotonous plain from which eminences, now islands, stood out as solitary hills. The shore of the North Sea was then some two hundred kilometres from the present day coast while a land bridge linked England with the continent of Europe. He goes on to describe the effects of alternate freezing and thawing, producing stresses whereby the soil still shows peculiar foldings.

          
Postglacial time is reckoned by various authors as beginning 20,000 years ago, when the withdrawal of the ice sheet began, or 10,000 years ago when the last traces of the influence of the ice-time on the flora and fauna disappeared and the cold times were at an end. More recently the date at which the ice left the region of Ragunda in North-central Sweden and the European ice-sheet split in two parts has been arbitrarily fixed upon as the end of the Pleistocene and the beginning of recent geologic time. This was about 6,500 years B.C.

          
Dating these past events is a subject fully dealt with in a recent book by Zeuner called “Dating the Past.” A very readable account of varve chronology is given by Brewster in “This Puzzling Planet” and a brief quotation may serve to bring out more vividly the relation between climate and chronology. The method of dating by means of varves began with de Geer in Sweden. Sweden has a heavy winter snowfall, and long summer days to melt the snow away. Its summer-winter cycle is therefore well marked. The result is that the clay deposits both at the heads of the fiords and in the fresh-water lakes tend to show distinct lamination. The annual layers caused by seasonal deposition of coarse and fine silt are called varves. Describing studies by Antevs of an old glacial pond in Connecticut, Brewster says:

          
“It really takes one's breath away to see what can be made out by this method, concerning events of ten millennia ago. Varve 3001, for example, of date in the ten thousand B.C., was a rather cool year. That particular pond got seven millimeters of winter clay. The next year had about average weather, and the pond filled up twenty millimeters altogether, the clay again a little ahead of the silt, twenty-seven millimeters in all. Next year, the summer was correspondingly cold, the ice melted less than usual, the freshets were small and only five millimeters of silt washed in. In general, the finer winter clay is about the same in amount year after year, becoming finer and more regular as the ice front gets farther and farther away. The difference between different years shows mostly in the summer wash.”


          
With many gaps, it is true, but often in surprising detail, glimpses of living conditions in the past can be gleaned from the record of the rocks and the embedded remains of prehistoric plants and animals.

        

        

          
2.—
Evolution and Climate Change

          
Glaciations appear to have been of rare occurrence in the geological past and conditions of greater warmth even than the present have



prevailed over such long periods as to have been called the earth's “normal” climates. According to W. D. Matthew, author of a book on climate and evolution which has been recently reprinted, “Theories of alternations of moist and uniform with arid and zonal climates, as elaborated by Chamberlin, are in exact accord with the course of evolution of land vertebrates, when interpreted with due allowance for the probable gaps in the record.”

          
There may be a fundamental rhythm underlying climate changes, the discovery of which would assist in the elucidation of causes. The period of the larger cycles, however, is not easy to demonstrate. It is possible that a swing to cooler conditions does not always produce extensive glaciation and even that traces of former glaciations have not been preserved on present-day land surfaces. Many theories have been advanced to account for the past occurrence of warmer conditions in polar regions, the recurrence of glacial periods at long intervals, and the less marked differentiation of climate zones in former times. Changes in the circulation of ocean water, in the distribution of land and sea and in the cloud envelope may have produced conditions in the past of which we have no experience.

          
We look to the continents for the great centres of origin, though isolation on small islands favours the survival of variants. The great upheavals which bring new continents into being initiate new cycles of climate and evolution. The reduction by erosion of an original high relief gradually removes a watershed and produces great plains, a wide continental shelf and shallow seas. Thus climate and erosion cycles are closely related. With new areas for colonisation and new climatic conditions, a new flora and fauna appear.

          
The distribution of living organism reflects the occurrence of suitable conditions. Plants may survive adverse changes for a time under natural conditions and may be maintained outside their natural range under cultivation. However, for a form to endure over long periods of geological time it must be in harmony with its environment. Plants are less mobile than animals and therefore less fitted to escape the onset of unfavourable conditions. They are said, therefore, to be good thermometers of the past.

          
For interpreting climate from fossil floras the methods used are to assess the affinities of the largest number of species and to consider the living conditions of a similar assemblage of plants. When the living 
Metasequoia was discovered in China it was found associated with the same assemblage with which it occurred in high northern latitudes in Eocene time as shown by the fossil deposits of Alaska. “The survival of all these trees with 
Metasequoia in the valleys of Central China is one of the most remarkable records of forest continuity known in earth history,” says Chaney. “Judging from their



leaves,” he adds, “there has been no great change in any of these trees during several tens of millions of years.”

          
Besides the remains of plants and animals, including insects, natural deposits and sand or ice eroded rocks have helped to tell the story of past climates.

        

        

          
3.—
Mesozoic Climates

          

            
(a) Land and sea.

            
The earliest plant fossils in New Zealand go back something over 142 million years when, according to the most recently published determination, the Jurassic period began. The great continent to the north and west which linked parts of Australia, Malaya, India, Madagascar, Africa and also the north of South America, probably presented its maximum relief in the earlier Permian period, when it was the scene of a great ice age. At the time selected for our starting point (the Rhaetic) it must have ben already reduced to a low-lying area and subject to extensive flooding by the sea. “The Australian region,” says Walkom, “was a continental area of low land covered by wide-spreading fresh-water lakes, and this extended across to New Zealand, which lay on the coastal shelf, and was sometimes covered by sea-water and at other times raised slightly above the sea.”

            
The subsequent geological history of our island region was discussed by 
C. A. Fleming in an article in Vol. II, No. 2 of this Journal. For the geological time divisions and their New Zealand equivalents his article may be referred to. As a sequel an attempt is here made to discuss climate mainly in retrospect and from a botanical point of view. No effort is made to provide a balanced treatment of the successive periods. The main object is to discuss climate relationships with a view to finding a basis for future work and to review some of the more recent conrtibutions to the subject.

            
Interest in times so remote from our own centres round the appearance of the angiosperms ancestral to our modern and distinctive southern flora. Studying our vegetation as we must, under the influence of postglacial climate flux, we have all the more reason to consider parentage and former environments in order to understand adjustments to contemporary conditions. Our survey should begin with a glance, however brief and imperfect, at the old Mesozoic floras, the living descendants of which are now much reduced in area.

          

          

            
(b) Rhaetic (Late or post-Triassic)

            
Fossil floras of Triassic age are rather poor in the earlier stages and there is evidence from salt and gypsum deposits and from sand erosion, of desert climates. Halle remarks that among the remains of the Mesozoic flora the high percentage of xeromorphic plants is very striking, adding that the Gymnosperms as a group are characterised by a high degree of xeromorphism (i.e., morphological adaptation to withstand drought). As might be expected, however, some Triassic



floras indicate favourable conditions for plant growth. The evidence has been interpreted as indicating a general aridity of Triassic climates though it may be that the desert belts which today lie mainly between 20 and 40 degrees of latitude then existed in higher latitudes. Some of the tree trunks of the Triassic forest of Arizona show well marked rings of growth.

            
The largest Rhaetic floras are in Sweden and Greenland. These are similar in character and, of course, belong to higher latitudes than New Zealand. Both floras contain numerous ferns, cycadophytes, ginkgos and conifers as well as some scouring rushes and lycopods. A similar type of flora seems to have reached New Zealand. A small number of New Zealand fossils were referred by Arber to the Rhaetic including a ginkgo, a scouring rush, conifers and fern-like plants. They belong to a widespread Mesozoic flora and some of them occur in New Zealand Jurassic deposits. The remains of a variety of aquatic reptiles, some of gigantic size, which have been found in the deposits of Canterbury may indicate warm seas in our latitude, particularly as coral reefs in the Upper Triassic are known to have extended from California into Alaska (60 deg. north latitude). On the whole, climates in this early period appear to have been warmer than now.

          

          

            
(c) Jurassic

            
The fossils from the New Zealand Rhaetic and Jurassic represent similar kinds of plants to those found in northern latitudes. A Jurassic fern 
(Cladophlebis), is mentioned by Chaney as having been found in the rocks of northern Alaska, arctic Siberia, Spitzbergen, northern Norway, western Europe from England to Spain and east across France and Germany, northern Africa, from southern Russia across Asia to China and Japan, India, Australia. New Zealand, Patagonia, and Antarctica. “Other wide species,” says this author, “make the Jurassic flora one of the most cosmopolitan known during the history of plant life.” Seward also remarks that although among widely scattered floras there were unquestionably regional peculiarities deeper and greater than the incomplete and fragmentary records appear to indicate, yet such data as we possess lead us to conclude that the Jurassic vegetation was less diversified and less affected by geographical position than that of any other stage in geological history. The significance of the relative lack of regional differences in floras may be partly that the vegetation was somewhat less specialised in adaptations to climate, or in other words showed wide tolerance. Seward warns that the apparent uniformity of the Jurassic period may be due in part to our regarding as contemporary, floras that may have been widely separated in time. In a discussion on the climatic significance of annual rings in fossil woods Antevs says:

            


            
“Taking into consideration all the facts, we can say with certainty that the occurrence of very marked zones in Jurassic woods from Spitzbergen and the lack of rings in Jurassic woods from British East Africa indicate marked climatic zones and pronounced annual periodicity in Jurassic times. The occurrence of distinct climatic zones at this time is also indicated in the distribution of the conifers, with Abietineae in the highest latitudes (Spitzbergen and King Charles Land) and a varying percentage of Araucarieae in mid-latitudes.”


            
A Jurassic flora from Graham Land on the borders of Antarctica supports the view that during the Jurassic warmer climates were experienced than at present. It contains species found also in the fossil beds of England, Europe and North America and is said to show no evidence of stunted growth. Further light might be thrown on the distritubion of Jurassic vegetation in relation to climate from an investigation of the question of elevation and relief. Periods of high relief are indicated by the Permian glaciation, the Triassic deserts and also elevation in the early Jurassic may be indicated by the evidence of fossils for cooler climates, particularly by the reduction of the Ammonites. By the same criteria (Schuchert 1915 p. 852) later Jurassic climates were warm—the insects were large, coral reefs were built, and the ammonites became abundant and varied again. Much of the present New Zealand became submerged during the Jurassic to be uplifted early in the Cretaceous period.

          

          

            
(d) Cretaceous

            
A rich fossil flora in Greenland indicates a continuance of warm conditions from the Jurassic. It is not surprising, then, that vegetation of the Jurassic type survived in some localities well into the Cretaceous period. Many of the earliest Cretaceous plants were cosmopolitan, and in both hemispheres there is a general absence of angiosperms in the lowest rocks although both in the north and in the sourth rare fossils or microfossils representing flowering plants have been reported from Jurassic strata. Gradual uplift in the New Zealand region during this period must have favoured extensive recolonisation and, as pointed out by Fleming (p.75) it was likely to be a time of active evolution in our flora. Invasion of our forests by angiospers laid the foundations of a modern vegetation and hence the Cretaceous period is one of special biologic interest.

          

        

        

          
4.—
Cainozoic Climates

          

            
(a) Tertiary

            

Eocene. The later Cretaceous climates may have been cool, but parts of the Eocene at least were decidedly warmer, for forests of distinctly tropical aspect and affinities inhabited what are now temperate regions. The London Clay beds yielded a rich harvest of fossil



fruiting bodies and in a monographic study Reid and Chandler showed that the flora contained a large proportion of ligneous species (in contrast to the present British flora!) and that the majority of genera were related to Indo-Malayan plants. They concluded that the flora undoubtedly represented a tropical climate, the mean annual temperature being 70 deg. F. A rich Eocene flora from Aix in the south of France agrees in indicating warmer conditions. The occurrence of such warm conditions in these latitudes is attributed in part at least to the influence of the Tethys sea, the ancestor of the later and deeper Mediterranean, whose waters, warmed in the tropics, then lapped a more northerly coast line than the present sea. It is to be noted in this connection that repeated changes in the flora during the formation of the coal seams in Thuringia (Germany) were demonstrated by Hunger in 1947. In Oregon, however, in latitudes similar to our own, there was a vegetation resembling the tropical rain-forests of Panama.

            

Oliogocene. A trend to cooler climates seems to have led to a great migration of forest associations. Evidence for this comes from the western United States where, it is claimed, the most complete Tertiary sequence of fossils is to be found. Chaney relates that at Bridge Greek (Oregon), in 1923, he quarried 98 cubic feet of leaf-bearing shale from three pits and on splitting the slabs of ashy shale obtained a total yield of 20,611 specimens, or an average of more than two hundred to a cubic foot.

            
This flora was much less diverse, however, than the Eocene flora. About twenty-five different kinds of plants were represented, more than half the specimens being of birches and alders. Besides conifers there were oaks, elm, sycamore, basswood, hornbeam and maple. These belong to the Arcto-Tertiary flora, a flora of temperate regions, represented in Alaska in Eocene times, and which, by the end of the Oligocene, seems to have completely displaced the former tropical rainforest of Oregon. Chaney discusses the rate at which species of the walnut family, with heavy fruits, spread, and shows that this southward migration, even if continuous, must have occupied a great lapse of time—some millions of years. Evidence of a southward migration of the temperate forest in eastern Asia corresponding to that from Alaska to Oregon between Eocene and Oliogocene time is afforded by the Fushun flora of southern Manchuria. According to Rott the Upper Oligocene climate of Germany was warm temperate, humid, not tropical.

            
The possibility, suggested by Fleming (p.77) that a late Oligocene pulsation of the New Zealand part of the Pacific margin could have opened fresh paths for immigration, should also be viewed, in the light of the migrations of the Arcto-Tertiary flora, as an opportunity for a northward extension of the range of Antarctic plant genera, including




Nothofagus! It is interesting in this connection that Dusen assigned an Oligocene age to the 
Fagus flora of South America. The contrast between this Fagus flora and the succeeding Lower Miocene flora of South America is described in the next section.

            

Miocene. Climates appear to have been warmer, even tropical in the Middle Miocene. A study of the floras from the high plains of central U.S.A. east of the Rocky Mountains, from Idaho west of the Rockies and from Oregon and California crossing the Cascade Mountains to the Pacific Coast, supports the theory of gradual cooling accompanied by a steady decrease in annual precipitation. Temperature conditions were moderate in the Lower Miocene, with few extremes of high or low. In the succeeding epochs up to the present, temperature means have been lower but with progressively greater extremes of heat and cold. The changes in this region have no doubt been largely influenced by the rise of the Pacific Ranges along the west coast, which thus became effective rainfall barriers and eliminated the moderating effects of the Pacific Ocean from the regions of the interior.

            
In the Old World many and widely scattered Miocene floras have been studied, the most extensive being that of Switzerland, described by Oswald Heer. This flora includes some 920 species of which 164 were herbaceous flowering plants. Heer concluded that the full Miocene flora of Switzerland could hardly have been less than 3,000 species, whch is far in excess of the number now living there. Associated with the plants were numerous species of insects, and from their combined study Heer was able to work out many interesting details relating to the succession of seasons and to climate requirements. The conclusion reached was that the Swiss Lower Miocene climate was similar to that now prevailing in Louisiana, the Canaries, North Africa and South China, with a mean annual temperature of approximately 60 deg. F. In the Upper Miocene the climate resembled that of Madeira, the south of Sicily, southern Japan and New Georgia, with an annual temperature of 64-66 deg. F.

            
South American Tertiary floras were reviewed by Berry in 1938. Climate considerations have to take into account the influence of mountain ranges and periods of uplift in Miocene, late Pliocene and quaternary times. The Lower Miocene of the Argentine was warmer and more humid than at present. He describes a fossil flora intermediate in time between the so-called 
Fagus and 
Araucaria floras of South America and quite dissimilar in character and appearance from the former. The leaves in the 
Fagus flora are of small size, tend to be coriaceous in texture, and have a facies difficult to characterise, he says, but recognisable at a glance. Those of the Lower Miocene are much larger and less coriaceous and are for the most part very similar to existing genera. As far as can be judged from the literature the



evidence of South American floras agrees with a cooler Oligocene and warmer Miocene.

            

Pliocene. According to Axelrod middle Pliocene climates are considered to have been a major factor in the final break up and segregation of major continental Tertiary floras into restricted areas, and in their evolution into modern plant communities. Mid-Pliocene climates of Eupore and North America are thought to have been warm while there is evidence of semi aridity in North America. In New Zealand Oliver concludes, from plant fossils considered to be of Lower Pliocene age, that “a climate warmer than that at present prevailing in Dunedin obtained in that locality when the Kaikorai plant remains were embedded.” Similar conclusions were reached in regard to a fossil flora of somewhat younger age from the Waipaoa Series near Gisborne. Other evidence is discussed by Fleming (pp. 65-86) with the hint that the Pliocene-Pleistocene climate boundary should perhaps go before the Nukumaruan so that two stages hitherto regarded as Pliocene would be included in the Pleistocene. Pollen results from Nukumaruan lignites recently investigated by Couper and Harris suggest the following climates, the lower Maxwell being, of course, the oldest.

            

	
                
Upper Maxwell
                

	Lower warm temperate, moderately humid.

	Upper warm temperate, semi-humid.


              

	
                
Middle Maxwell
                

	Upper warm temperature, moderately humid.


              

	
                
Lower Maxwell
                

	Lower warm temperate, semi-humid.

	Lower warm temperate, moderately humid.

	Upper warm temperate, moderately humid.


              


            
It will be seen that there were sample-series from six different levels in the Maxwell formation and that fluctuations in temperature and humidity are indicated. A more detailed description is being prepared for publication. The temperature belts are those of Zotov, and imply that temperatures near sea-level in the Wanganui region may have been at times as cool as now experienced in the southern part of New Zealand. Geologists consider that conditions of high relief were unlikely near the site of deposition so that if the deposits were contemporary with the mid-Pliocene of Europe, the lower temperatures indicated would not be expected.

          

          

            
(b) Pleistocene

            
A good deal more is known of the Pleistocene or glacial period in the northern hemisphere, where ice sheets advanced over great continental areas, than in the south where there is less land and more sea in cool temperate latitudes.

            


            
The glacial period is generally considered to have lasted a little less than a million years. During this time there appear to have been four glaciations with three interglacial periods, the greatest of which was mild and lasted for tens of thousands of years.

            
Little is known of the New Zealand Pleistocene and although some lignites have been examined and reported on, results are still too fragmentary for comparisons with the northern hemisphere. European floras are known to have been depleted by Pleistocene climates owing to mountain barriers to the south, and evidence is already available that the New Zealand flora suffered casualties.

          

          

            
(c) Recent or Holocene

            
In the northern hemisphere, generalisation from a very large number of investigations gives a postglacial climate succession which can be closely related to a time scale and the work of Auer on South American peat deposits indicates that the main fluctuations were of world-wide significance. For New Zealand a three-period cycle was worked out by Cranwell and von Post from pollen studies and there seems every justification for applying the northern time scale.

            

Period I. The first postglacial period corresponds to the northern 
Boreal, a period of increasing warmth and of comparative aridity which lasted until about 5,000 B.C.

            

Period II. The period of maximum warmth, referred to as the postglacial climate optimum, lasted for some 4,000 years, ending five centuries or more before the Christian era. An intermediate zone between this and the next, known as the Grenzhorizont, is well developed in some localities and not in others and seems to represent a transition period between seven and five centuries B.C. The first and greater portion of this warm period was more humid, the latter portion drier again and these are the 
Atlantic and 
Sub-boreal periods of the Blytt-Sernander scheme.

            

Period III. This corresponds to the Sub-atlantic period with cooler and moister climates lasting up to the present day. The three or four main periods are sometimes divided into six or eight zones according to local forest succession and indications are reported that rainfall was higher than now until a few centuries ago. There appears to be some evidence of this in New Zealand.

            
Though our region is well provided with peat deposits, the elucidation of postglacial history presents problems peculiar to our conditions. Our forests contain a large proportion of woody species which do not, like the northern deciduous forests, have wind-borne pollen. As compared with the deciduous forests our vegetation is rich in ferns. There is therefore a large pollen and spore flora to investigate. Much preliminary work is involved in pollen and spore studies, in a general survey of the peat areas, and in collection of materials for sample peat and pollen profiles from different types of area.

          

        

        


        

          
5.—
The Influence of Past Climates on the Vegetation of New Zealand.

          
Events in the evolution of New Zealand vegetation of climatic significance are the gradual replacement of the Jurassic flora by an angiosperm flora comprising a deciduous element and a broadleaf evergreen element, loss of the deciduous habit, evolution of a mountain flora, segregation of rainforest of a temperate character, and reduction of area and extinction of former species and genera.

          
In the foregoing account it has been shown that in the northern hemisphere conditions favouring the most northerly extension of the flowering plants existed during the Eocene, when tropical climates and vegetation occurred in Oregon and in the south of England and France. The deciduous belt was further north than at present and a fossil flora of this character is preserved in the Eocene beds of Alaska. This arcto-Tertiary flora has subsequently migrated southward along three main routes — through North America, through Europe and through Siberia and eastern Asia. Extensive migration appears to have occurred during the Oliogocene but warmer climates in the mid-Miocene may have temporarily halted the southward march. A tendency to greater segregation set in during the Pliocene and with the onset of the Pleistocene cold further migration took place. During the postglacial period forests have moved extensively northward again.

          
In the south the same general pattern might be looked for, but with some differences due to the different distribution of land and sea. There is not the extensive development of tundra nor is there evidence of a southern conifer belt of the needle-leaf type as found in the north. Our first angiosperm flora appears to have contained a deciduous element which apparently arrived during the Cretaceous. The deciduous habit is favoured by the marked seasonal rhythm of continental climates in high latitudes where long warm days are experienced during the growing season. Since our only Jurassic flowering plant was of tropical affinity if we may trust the name, and in view of warm climates attested by the Jurassic Graham Land flora, we might picture an immigration from the south during cooler Cretaceous climates to explain the deciduous element. But whence the affinity of these plants with northern genera? The question of the origin of the angiosperms is still undecided. Their early development could have been on the Mesozoic continent which is believed to have linked Australasia with lands to the north and west, whence they could have spread north and south as a mixed flora (with less segregation perhaps than in present climates).

          
The presence of a broadleaved evergreen element in our Cretaceous and early Tertiary flora suggests an early colonisation by an element which should have found its climatic optimum in the Eocene if climates



were as much warmer here as they appear to have ben in the north. Possibly the shallow Tethys sea produced climatic conditions in the north which were not reflected in the south. During the long Oligocene migration of the Arcto-Tertiary flora, southern genera should have extended their northward range along Australasian and South American migration routes. In New Zealand we should have had an influx of plants from the south, whence we might expect the herbaceous element from which our mountain flora evolved. A Graham Land Oligocene flora shows relationships with living plants of Patagonia, Australia and New Zealand.

          
A return to warmer conditions appears to have been general during the Miocene and our mid-Tertiary flora may have developed many tropical features. It is perhaps to the Miocene that our fossil coconuts belong and also the southern occurrence of the kauris. Careful dating of materials is important. From a study of wood sections in lignites Evans concluded that “kauris, totaras and beeches, and close relatives of our rimus and celery pines made up a large portion of the lignite forming forests of the Tertiary period in the South Island” and he remarked on the apparently anomalous association of beeches and kauris. However, a single dominant species, or a dominant group of allied species, is much commoner in the temperate rainforest than in the tropical, and the segregation of forest types with which we are familiar may well have been a later development.

          
A recent visitor interested in plant geography remarked on the number of small leaved species and on the “mediterranean” appearance of our “scrub”—features which suggest the influence of rigorous and perhaps more arid conditions. That many species and even genera failed to survive the climates of the glacial period is confirmed by plant fossils in the kaikorai and Waipaoa deposits and the occurrence in Nukumaruan lignites of pollens which could not be matched from the living flora.

          
These few comments are included not as proposed solutions to problems of the climate history of our vegetation, a subject that demands much further study, but to draw attention to points of general interest and to the need for assistance of geologists in the careful dating of materials.

        

        

          
6.—
Methods and Future Work.

          
The need for accurate determinations of fossils and microfossils cannot be over-emphasised and if palaeo-taxonomy is to be progressive the building up of suitable collections for the identification of plant fragments, seeds and spores should not be neglected. The task of blocking out the broad outlines of the history of our flora and fauna has been attempted by various writers and from different points of view and should be under constant review. Problems of change of



relative land and sea levels are complex but broader features such as the uplift of mountain chains and peneplanation have bio-climatic significance. The conditions of deposition of our lignites and coals may afford valuable indications and in this connection the study of recent bogs and their rates of growth will help. Lake and even sea-bottom sediments await future study.

          
Palaeo-botanical studies can be supplemented by the application of pollen and spore techniques and a start has been made in this direction. The relation between pollen deposition and the proportion of wind pollinated species in our forest requires study. In other countries studies of surface samples have been resorted to in order to find how living forests are represented in the pollen statistics, the most promising results being obtained from moss cushions, which act as pollen traps. In Switzerland work has been progressing over the last two decades on the pollen-analysis of glacier ice, and has yielded evidence of seasonal and annual deposition. Surveys of atmospheric pollen afford useful indications on pollen and spore dispersal and the effect of wind carriage. If our peat bogs were still in their virgin condition the most profitable course would be to obtain pollen spectra from the upper layers of these bogs for comparison. Many of our peats, however, have been deeply burned. It is all the more important therefore, to seek and utilize any remaining areas where pollen deposition within the last century or two can be studied. This is without doubt the most urgent task confronting the pollen worker.

          
An important step would be the adoption of a suitable climate classification. Zotov's definition of temperature belts and his characterisation of species common on the Tararuas on this basis has been found useful, but does not take into account the precipitation evaporation factor. The formation of a palaeo-climatology group deserves consideration, not with the immediate object of launching new projects but of securing better co-ordination of various lines of work already in progress. Team work has obvious advantages and a better exchange of information might be effected, leading to a saving of duplication of effort.
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Part I.—Collection Methods as Illustrated by Flowering Plants

          

Collecting Gear: A sharp knife and a pair of pruning shears, field labels, notebook, black lead pencil, and a specimen container.

          
Field labels are required to attach to the specimen at the time of collecting, the most satisfactory are small tags of thin cardboard with a string for attachment.

          
When specimens are collected they may be transported back to the collector's base camp in a haversack or vasculum, but it is much more convenience to have a plant press out in the field and place the specimens in the press between sheets of paper as they are collected.

          
A simple press consists of two frames constructed of light wooden slats, held together by two leather straps which, when tightened, supply the pressure for pressing. The herbarium sheet on which the specimen is finally mounted measures 16½in. × 10½in. (Kew Standard) and thus the press is made to measure 17in. × 11in. The press frames can be made from 1½in. × ⅜in. slats using brass screws ⅝in. long for making the joints. Use five pieces lengthwise (17in.) and three pieces crosswise (11in.), one at each end and one across the centre. The two leather straps should measure about four feet long and at least one inch wide and have buckle holes starting at about two feet from the buckle itself.

          

Selection of the Specimen.—Always aim at collecting specimens which are most typical of the plant from which they are taken. A perfect specimen will show vegetative features, flower, and fruit. It is not always possible to get such a specimen so one has to be content with what is available at the time of collecting with a view in mind of collecting better specimens at a later date to complete the characters of the species. Collecting is performed for two purposes, firstly for a taxonomic study of the species, and secondly to show evidence that a species exists in the various localities that it has been collected from and thus the geographical range of the species can be determined and this in turn may give the Taxonomist some help in determining the origin and evolution of the species. Fertile material is much more useful as the Taxonomy of Angiosperms is based largely on reproductive characters. If the plants are small then the whole plant may be collected but if it is a large plant then only a portion can be taken as a specimen and care should be taken to select a typical specimen. It is often desirable to take a photograph of a large plant to substantiate the specimen. If a parasitic plant is collected then a good specimen



of the host plant should also be collected, this also applies to epiphytic plants. It is often useful to collect a specimen of the bark in the case of forest trees as well as the specimen of the foliage and fruit. Plants which produce rhizomes or stolons should be selected to show these characters. An effort should be made to collect specimens of both sexes in the case of dioecious plants.

          
When taking a specimen from a plant remove it by a clean cut. Small plants may be removed from the substrate with a sharp knife and if a bulbous stock is present this should also be collected. Remember to always collect abundant material and it is a good plan to collect extra fruit and flowers if these are present.

          

Field Labelling and Cataloguing.—Written data must be supplied with each specimen to supply information that is not shown by the specimen itself, thus the making of proper and adequate field notes is just as important as the collecting of a good specimen. Field notes 
should be made at the time the actual specimen is collected. Specimens are numbered consecutively, as collected, in a simple sequence starting at one and continuing indefinitely. When a specimen is collected attach it to a label and on this write the specimen number and then make notes against the corresponding number in your field notebook. Field notes should include life form and habit, precise location, ecological data, diseases or parasites, and flower and fruiting characters which will be lost in future pressing and drying.

          
Numbers must not be duplicated in any form as this is likely to cause confusion at some later date. If ten specimens are taken from a single tree at the same time, then these ten are given the same number to show that each is an exact replica of the other. If on the other hand ten specimens are collected, of what appears to be the same species, from ten different trees then each of these must be assigned a different number. If the plants being collected are small, and the whole plant is taken as a specimen, then all those specimens taken from the same colony at the same gathering are assigned the same number, this applies to small herbs, etc., algae, small ferns, bryophytes, fungi, and lichens. In the case of bryophytes where a large number of plants are aggregated into a clump then a number is applied to the clump gathered and all subsequent specimens that may be broken off from this clump are assigned the same number as the original clump.

          
The proper numbering of your specimens is very important to Taxonomists who may subsequently examine your material, for example, AB has distributed twenty specimens of Metrosideros robusta (A. Cunn.) No. 2578; CD, who is preparing a monograph on this genus, receives one of these specimens and in the preparation of his monograph he studies this specimen and quotes it by its number (AB No. 2578) in his final monograph. EF receives a copy of CD's monograph and also has one of AB's specimens (No. 2578) and thus he knows



definitely that the specimen he has is an exact replica of the specimen under consideration in the monograph.

          
A collection of plants which are not labelled or catalogued in some form are useless. When dioecious plants are collected, the two sexes are assigned different numbers as the specimens are from different plants. If photographs are taken in support of a specimen then these are given the number of the specimen to which they refer.

          

Pressing and Drying.—The aim is to prepare a flat dry specimen that can be mounted on a herbarium sheet.

          
Requirements: Plant press, newspaper specimen folders, ventilators, drying paper.

          
To make a specimen folder take a piece of newspaper measuring 17in. × 22in. and fold it once to make a folder 17in. × 11in. Place the specimen in this folder ready for pressing. As this is the approximate size of the sheet on which the specimen will eventually be mounted the folder gives a good guide for arranging the specimen. Ends of the specimen must not protrude from the folder, if the specimen is too long for the folder it must then be bent upon itself once or more to fit within the given space. This is often necessary when dealing with ferns, grasses, and sedges. The specimen remains in this folder until it is mounted. Write the specimen number on the bottom right hand corner of the folder to facilitate sorting of the folders.

          
Ventilators are made from double faced cardboard with corrugations in between (easily obtained from packing cartons) cut to measure 17in. × 11in. such that the corrugations run crosswise. Special corrugated aluminium ventilators are manufactured in U.S.A. but the standard size of American herbarium sheets is 16½in. × 11½in. and hence these ventilators are a little too wide and may also prove too expensive for the average collector.

          
Special drying paper resembling a thick type of blotting paper may be obtained, although two or three thicknesses of ordinary blotting paper serve very well. Failing this several thicknesses of newspaper can be used but is not so efficient. The drying papers should be trimmed to measure 17in. × 11in.

          
Place the specimens in the press in the following order: press frame, ventilator, drying paper (thoroughly dry), specimen folder (containing specimen), drying paper, ventilator, drying paper, specimen folder, etc. While stacking the press avoid bumps in the middle of the pile. This can be avoided by having thick portions of a specimen off centre and the successive bumps are arranged alternately opposite each other. It appears that most of the collectors in New Zealand merely place the specimen folders between wads of newspaper in the press, but drying under such conditions is slow and specimens are very apt to become mouldy. When all the specimens have been stacked in the press place the second press frame on the last ventilator



and then do up the straps to supply a moderate pressure, tightening later when necessary. Place the filled press on its edge over a radiator or in some position where a current of warm air will pass up through the corrugations of the ventilator. A drying box can easily be made in which the press can be placed, thus: Make a box 17½in. wide and two feet deep, the length will be determined by the number of presses being used. A press should not be stacked more than two feet high and thus if only one press is used make the box two feet two inches long. Fix two rods of ⅜in. steel lengthwise in the box ten inches from the top and such that one is in six inches from each side. In a box taking one press fix one 60 watt electric light bulb in the centre of the bottom. This will supply a gentle heat for drying. Place the filled press edge down and lengthwise across the box in to rest on the rods. The gentle heat generated from the bulb passes up through the corrugations of the ventilator and hastens the drying process. Do not cover over the press while it is in the drying box as this will prevent the air current passing through the ventilators, but cover up any vacant space left in the box to prevent heat escaping.

          
Specimens press best when they are fresh but a wilted specimen may be revived by soaking in cold water for a while prior to pressing.

          
Many succulent plants, e.g., 
Peperomia, and plants with leathery leaves, e.g., 
Griselinia, loose their leaves during pressing. This may be overcome by immersing the specimen, prior to pressing, in boiling water for one minute to kill the outer cells of the leaf and thus allow water to escape and also to halt abscission layer formation.

          
A large fruit such as that found on 
Freycinetia may be slit down the centre, removing what would be the lower side of the specimen, leaving the upper side attached to the fruit stalk.

          
Go through the press every day and remove the specimen folders in which the specimens have dried, and change the drying papers. Place the used drying papers in a warm situation to dry thoroughly before using again. A well prepared specimen is dried out quickly but specimens can be ruined if too much heat is applied, and specimens if over-dried become very brittle. When all the specimens of a collection have been dried and taken from the press arrange them in numerical sequence and keep them in their folders until they can be mounted.

          

Mounting the Specimen.—Herbarium sheets are made of a light card and measures 16½in. × 10½in. Trimming of specimens should not be necessary at this stage as the specimen prior to pressing is trimmed to fit within a similar area. A space must be left clear in the right hand bottom corner of the sheet for the label. Arrangement of the specimen on the sheet with an artistic outlook adds much to the aesthetic value of the specimen. “Cellotape” is the best material available for attaching the specimen to the sheet. Place strips across the main stem at



vantage points and across the side branches if necessary. It is a very bad policy to glue specimens to the sheet as vital parts to the taxonomist may be ruined. Glue is useful for attaching bryophyte clumps to a sheet. Long specimens that were bent upon themselves for pressing are mounted in a similar manner. If extra flowers and fruit have been collected these should be placed in an envelope which is then attached to the sheet, face side down, so that the envelope can be opened by lifting the flap. If the specimens are small mount as many as is convenient on the same sheet. Use the method outlined for mounting marine algae when dealing with delicate aquatic plants, but mount in freshwater.

          

Labelling the Herbarium Specimen.—When the specimen has been mounted and the species determined it may then be labelled. A label 
must contain: the name of the collector and 
his specimen number, name of the plant (when known), precise locality, and date of the collection. The value of the specimen is increased if additional data is incorporated in the basic label, e.g., habitat and altitude, form of the plant and notes on fruit and flower, and common names. This additional data is obtained from the field notebook. The systematic position of the plant and name of the person who identified the specimen may also be included. Every botanical name must have its authority quoted after it. Labels can be prepared with printed headings if the collector so desires, these look much neater than an ordinary printed label.

          

            

[image: Fig. 1. An example of a completed label.]
Fig. 1. An example of a completed label.


          

          
If desired the field tag may be removed from the specimen when it has been mounted and labelled.

          


          

Preservation of the Specimen.—Cardboard boxes can be obtained of a standard size to store the mounted specimens in. The exact arrangement will depend on the number of specimens that the collector has. All the specimens of a species are placed in a folder of stiff paper, then all the species folders of that genus are placed within a folder labelled with the generic name and then all the generic folders of the family are placed in a box labelled with the family name. To prevent damage to the specimens by insects a repellant must be added to the boxes about every three months. Napthalene is satisfactory but p-dichloro-benzene seems to be the best available. A permanent method is to immerse the specimen before mounting in a solution of 2% mercuric chloride in 95% alcohol, or this may be painted on the specimen after it has been mounted. Mercuric chloride is a highly poisonous compound and this is a serious drawback against its use.

          

Identification of Specimens.—The species is determined by following out the various keys to families, genera, and species that are to be found in a Flora Manual. Having traced the species by means of the keys, check the specimen against the species description in the manual and then against a named specimen in a Museum Herbarium or in some other Institution. If you cannot trace a specimen out to its species or genus or if you are uncertain about your own identification then the specimen must be sent to a specialist for determination. When sending material to a specialist well labelled duplicates must be sent which will be kept by him. If you desire to send material to a specialist then you must contact him beforehand to find out whether he will be able to deal with your material.

          

Herbarium Packets.—Specimens of many Cryptogamic plants instead of being mounted or herbarium sheets may be kept in small packets. Packets are made from a medium weight quarto typing paper. To make a packet divide a sheet of the paper into thirds, bend the bottom third up and down flat, bend the top third over and down on to the bottom third, and bend back a flap 1½in. wide from each end and press the packet flat. Open the packet so prepared, place the specimen in the central region, fold it up again to enclose the specimen, and place the label on the front flap. There are many patterns and sizes that are used in making these packets but the author recommends the above outline as this type fits comfortably into a “shoe-box” in which they may be arranged alphabetically or numerically.

        

        

          
Part II.—Special Methods Used in the Various Plant Groups.

          

1. Algae—Algae are found in many different habitats, e.g., marine, freshwater, lakes streams and ponds, Epiphytes on forest trees, damp ground, stones, Plantonic, and on snow and ice.

          
It is desirable when dealing with small algae to keep preserved material as well as making pressed and dried herbarium specimens.

          


          
Marine algae are preserved in 8% formalin in seawater plus a little borax to make the solution slightly alkaline. Freshwater algae are preserved in 5% formalin in freshwater plus borax. Add 5% glycreine to both these preserving fluids as a precaution against the fluid drying up. When preserved material is collected it is assigned the same number as the corresponding herbarium specimen.

          
(a) 
Marine Algae.—Marine algae may be collected from the intertidal region, beach drift after a storm, or by dredging in deeper water. When numbering specimens those of the same species gathered from the same colony at the same time are all given the same number. A small calico or canvas bag is most useful for collecting specimens in. Wrap the specimens as you collect them in pieces of newspaper and write the number with a grease pencil on the outside of the package. Wrap all specimens of one number together but don't mix any others in with these. Small glass collecting tubes are very handy for small algae, but remember to put only those specimens of the same number in one tube and write the number on the stopper. Make notes on the level of the plant in the community, its abundance, whether in an exposed or sheltered locality, and on the type of substrate. Herbarium sheets for algae are generally of a lighter material than those used for vascular plants. A light weight drawing paper is very satisfactory and is used in various sizes depending on the specimens being mounted but never larger than the standard herbarium sheet. For the larger and coarser species use the ordinary herbarium sheets. Specimens may be mounted straight after collecting or they may be dried and stored until it is convenient to mount them. A dried specimen is soaked in water prior to mounting until it resumes its natural form. If, after collecting your specimens, you dry them, then tie a tag to the specimen on which the specimen number is written.

          
Select the specimen and the sheet on which you wish to mount it. Write in the bottom right hand corner the specimen number, using a dark non-indelible pencil or waterproof ink. Place the specimen in a basin of seawater and float it out into its natural condition, slip the mounting sheet into the water and underneath the specimen and then slip one hand underneath the sheet. Slowly bring the sheet with the specimen on it up to the surface of the water, tapping it slightly from beneath and making any adjustments to arrangement with the free hand, using a mounting needle. Remove the specimen sheet completely from the water, tilt it a little to allow free water to drain off the sheet, and then lay the sheet, specimen side uppermost, on a towel and with a free edge of the towel mop up as much water as possible without disturbing the specimen. Place the specimens in a press as done with Flowering Plants except that the specimen folders are omitted, but spread a piece of muslin over the specimen side of the sheet to prevent



it sticking to the drying paper. Change the drying papers after about one hour and then twice daily until the specimens are dry. Most specimens will stick to the sheet but in the case of the coarser species which don't stick, use cellotape to attach them. It is not necessary to float out many of the larger and coarser red and brown algae. Wash these free of sand and lay them out to partially dry but they must be mounted while still flaccid. To mount, lay the specimen on the sheet and arrange it in a natural manner and press as usual. When collecting encrusting algae such as 
Lithothamnium break off a piece of the rock with the alga on it, dry, and attach a label to the rock. Softer encrusting types such as 
Petrospongium may be scraped from the substrate with a sharp knife and placed on a mounting sheet and pressed as usual. Some collectors use freshwater when mounting marine algae but this practice is to be discouraged as this will cause cell rupture in many of the more delicate reds. Some reds disintegrate very rapidly and need to be mounted soon after collecting.

          
(b) 
Freshwater Algae.—The majority of freshwater algae are either filamentous or microscopic. Members of the 
Charales do reach an appreciable size and complexity and these are mounted as for marine algae but are floated out in freshwater. Always preserve a sample. Herbarium specimens may be prepared in several ways. Filamentous types may be floated out on to a sheet and pressed, or a lump may be spread out on newspaper and allowed to dry gently and the dried specimen is then placed in a herbarium packet. Gelatinous types are spread out on a piece of colourless cellophane and dried, the specimen then being placed in a packet. Cellophane is used because a specimen can be soaked up rapidly when required and under such conditions is more stable than paper.

          
Reference miscroscopic slides of freshwater algae and small marine algae are prepared using glycerine jelly, that has been coloured a pale red with eosin, as a mounting medium.

          
Treat terrestial algae as above.

          
(c) 
Planktonic Algae.—Plankton is composed of small organisms, both algal and animal, which float in the surface layers of the larger water bodies, both freshwater and marine. A conical shaped net made of bolting silk with a collecting jar attached to the apex is used to collect plankton samples. The net is towed through the water and the plankton is filtered from the water passing through the net and collects in the jar at the apex. The organisms will be suspended in the water remaining in the collecting jar; add to this formalin to make a 5% solution and leave to stand. After the plankton has settled on the bottom of the jar decant off most of the surplus clear solution and transfer material to a specimen tube and label. For general reference prepare slides with eosin-glycerine jelly, but if Diatoms are being dealt with a special medium is required with a high refractive index, e.g., “Euparal” so as to render the wall structures clearly visible.

          


          
It is seldom that a pure sample of any one organism will be collected, most samples being mixtures in which the proportions of the various components will vary with the season and locality of collecting. Many Planktonic organisms have a fairly regular seasonal cycle of occurrence.

          

2. Fungi.—Many fungi, particularly smaller types, are parasitic and these are preserved along with a portion of the infected host. In the case of many parasitic forms it is necessary to retain living material in order to establish a culture. For general purposes use 10% formalin as a preservative. Most of the macroscopic fungi are saprophytic and it is the fruiting body that forms the macroscopic portion. These may be fleshy, leathery, or woody. Thoroughly dry woody and leathery types and store in herbarium packets or in cardboard boxes of suitable size to take the specimen. Fleshy fungi disintegrate very rapidly and must be dealt with soon after collecting. To make a herbarium specimen dry gently, don't cook it. Drying causes the specimen to shrivel up greatly and thus it is essential that scaled coloured drawings be made of the specimen before it is dried. Several sketches should be made including several aspects to show structure, and a median longitudinal view to show the disposition of the hymenium. Disintegration of fleshy types takes place even in preservative. The addition of 8% sucrose to the preservative will temporarily preserve the colour. Fleshy fungi can be preserved more or less in their natural form by impregnating the specimen with a synthetic resin. Soak the specimen in a mixture of 5 parts formalin and 3 parts of liquid carbolic acid until it has soaked well into the tissues of the specimen. Dry the surface carefully with a cloth and suspend the specimen over .880 ammonia. A resin forms in the tissues of the specimen making it solid and giving it the appearance of a “Candy” specimen. Specimens so prepared will keep indefinitely, but must be stored in a dry place.

          

3. Bryophytes.—Epipytic bryophytes and those growing on a solid substrate can generally be peeled off in a clump but the smaller acrocarpous terrestial species require to be removed along with a thin layer of the substrate to hold it together. Having removed the specimen place it in the middle of a quarter sheet of newspaper and fold this as for making a herbarium packet and press firmly between the hands. Write the specimen's number on the packet so prepared and make field notes. Spread these packets out in a warm situation to dry. Specimens may be mounted on herebarium sheets if desired by gluing a clump on to a sheet or attaching larger individual plants by means of cellotape. It is much more convenient to keep the specimens in herbarium packets placing the label on the front flap. When material is required for examination soak a little in water and it will assume its natural form. When collecting the larger species, e.g., 
Dawsonia, all those collected from the same colony are given the same number and several of these



specimens are mounted on an ordinary herbarium sheet. Prepare microscope slides of leaves and portions of the plant for reference when “attempting” to identify material. Glycerine jelly is used as the mounting medium, and in the case of leaf preparations add .2% cupric acetate to the glycerine jelly. Make preserved specimens of thallose liverworts and fertile foliose liverworts as well as dried herbarium material. Use 5% formalin with .4% cupric acetate which preserves the green colour of the specimen. Remember to always gather abundant material and aim at collecting fertile specimens.

          

4. Lichens.—In general lichens are treated the same as bryophytes. In the case of many of the larger foliose lichens it is advantageous to press the specimens and mount on herbarium sheets. Thin crustose epipyhtic forms are removed along with a thin slice of the bark while similar epilythic forms are collected with a portion of the rock substrate.

          

5. Ferns and other Vascular Cryptogams.—Treat as for flowering plants but always aim at getting fertile material. In the fern allies sporangia are either borne in special strobili, e.g., 
Lycopodium, or in the axils of the ordinary leaves, e.g., 
Isoetes. In the ferns the sporangia are borne either on the margin or underside of vegetative leaves or on special leaves. A good herbarium specimen will show both fertile and sterile fronds attached to a portion of the rhizome. Filmy ferns wither very quickly and these are revived prior to pressing by soaking in water. If the specimens taken a large species, e.g., 
Cyathea, are only pinnae from a large frond then the size of the frond and the position on the frond that the specimens were taken from should be noted.

          

6. Gymnosperms.—Treat as for flowering plants. Endeavour to obtain both male and female fructifications. The only indigenous species with a large cone is 
Agathis australis. The large female cone of the Kauri disintegrates when mature or when dried out. To overcome this give the cone a coating of varnish soon after collecting, which will prevent disintegration of the cone providing it is handled gently. Most of the introduced species have large female cones, e.g., Pinus, and these may be prevented from opening on drying by varninshing also. Specimens with large woody cones should not be placed in the press with other specimens unless they are packed up till level, but it is much easier to press them separately.

        

        

          

Literature on New Zealand Plants.

          
There have been several volumes on the New Zealand Flora published, but only one of these deals with the flora as a whole. Only the more general works that are readily available to the average collector are here mentioned. Many revisions of families, genera and species, and papers dealing with numerous aspects of our flora have appeared in the Transactions of the Royal Society of New Zealand.



Any collector who is commencing a study of some special group of plants should consult the author-index of this journal for references. By making use of the bibliography at the end of most articles, one reference leads to another.
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Few readers of 
Treasure Island are ever likely to forget Long John Silver's parrot Captain Flint, with his incessant cry of “Pieces of eight!” At any rate, R.L.S. took care to make the most of his opportunity to develop his characters' emotional responses to that notable bird in its more lurid moments. Captain Flint, however, was only an imaginary parrot—and a rather uncultured one at that, despite his literary associations. It seems unfair therefore that so few people seem to know anything of Robert, a real-life flesh-and-blood parrot, and a learned one to boot, who lived on board 
Her Majesty's ship 
Challenger some seventy years ago. Like all the best parrots in history, Robert was a grey bird; unlike some of his tribe, his was no buccaneering career—the voyage during which his name went down into history was, in fact, one of scientific exploration. Where Captain Flint was coarse, Robert was refined; for, inhabiting the zoological laboratories on the ship, where the human element was more inclined to vent its spleen in words remarkable for their length rather than terseness, poor Robert found his scope somewhat limited. His conversation was concerned with subjects like rectified spirits-of-wine rather than Jamaica rum; he was, in short, a mid-Victorian parrot. Robert originally had a mate, but the latter unwisely took a bath in a beaker of boiling potash; and so passed, or rather dissolved, away. Robert's greatest achievement in scientific conversation was to exclain “What! Two thousand fathoms and no bottom! Ah! Dr. Carpenter, F.R.S.!” Just what comment Dr. Carpenter (F.R.S.) had to make when he heard the tale does not seem to have been put on record, but we can be quite sure that he was more than satisfied with the splendid hauls that were made when the 
Challenger's dredge did find the ocean-bottom off the coasts of New Zealand. For it was to Carpenter that the task fell of describing the crinoids discovered on the voyage—the feather-stars and sea-lilies, plant-like animals of great scientific interest and usually of considerable beauty.

          
The entire crinoid fauna of New Zealand so far known, save for three species of feather-stars, was discovered on three days in the winter of 1874. It was on July 7th of that year that H.M.S. 
Challenger sailed out of Port Nicholson. On the 10th, then 40 miles off East Cape, the first two species of feather-stars were dredged in 700 fathoms (Station 169). On the 14th, when off Raoul Island, the best haul was obtained—seven species of feather-stars and four kinds of sea-lilies brought up from 520 fathoms. The following day yielded more sea-lilies from 600 fathoms. (Stations 170 and 171).

          


          
The few deep-sea hauls made off our coasts at that time brought to light one of the most remarkable faunas ever discovered. Imagine, three and four thousand feet vertically down, almost a mile below the surface, strange animals of bizarre shapes, swimming amongst waving fields of sea-lilies of intricate delicacy of pattern and brilliant hues. Think of submarine fields lit, not by any trace of daylight from above, but by the phosphorescence of the deep-sea corals. Professor H. N. Moseley, one of the naturalists aboard, afterwards wrote of their work on July 14th, off the Kermadecs: “This is probably the richest ground dredged by us at all” (Moseley, 1879). When such outstanding success attended so short an investigation of our waters beyond the continental shelf, it might be thought that New Zealand expeditions would have been organised by now to explore the rest of our deep-sea areas. Such, unfortunately, has not been the case. Thus, the old 
Challenger Reports still remain the chief, or more often the only, source of information.

          
Over forty years elapsed before any further crinoids were discovered. In 1916 Dr. A. H. Clark of Washington, the world authority on crinoids, made known the first shallow-water feather-star, from Preservation Inlet. We still remain ignorant of many details even of this shallow-water species. In 1917 Clark recorded another species found by Mortensen near the Three Kings, while in 1918 yet another species became known from the same region. Nearly twenty years later another British Expedition passed through New Zealand waters, the 
Discovery, but although many Antarctic crinoids were found, only one feather-star was taken in New Zealand waters, and that a species already known. No other discoveries have been made. Few New Zealanders have ever seen any of our crinoids. Little is to be found in our museums. Even some zoologists seem to be unaware of how rich our crinoid fauna really is, and misleading statements appear in current literature. We await the day when a New Zealand deep-sea expedition works in our own region, in the zone quite near our main ports, where the off-shore waters plunge so suddenly into the mysterious depths. Meanwhile a Danish expedition is preparing to carry on the work, and is due to arrive in Wellington around New Year's Day next. May the 
Galathea have good fishing.

          
There are about 80 species of stalked crinoids so far known to science, of which five species occur abundantly in certain local deep waters. Of about 640 kinds of feather-stars, New Zealand possesses 11 species. Only 3 of the latter are known to occur in shallow waters, to wit, 
Comanthus benhami in the Fiords area, and 
Comanthus novaezelandiae and 
Argyrometra mortenseni both from the North Auckland area. Some of the deep-water species may well occur in shallow banks not yet investigated, just as some of the Tasman Sea sea-lilies have since been found in Bass Strait, and similar regions. No doubt many



kinds remain to be discovered. Crinoids feed on small swimming animans, which they first narcotize by touching them with their delicate, but venomous, arms. According to A. H. Clark, crinoids are among the most brilliantly coloured of all animals. The large sea-lilies may be red, yellow or green. It is interesting to compare Clark's statement with an observation of Moseley, that the phosphorescence of the deep-sea corals dredged by the 
Challenger comprised three wave-bands, namely red, yellow and green. Thus, though inhabiting the dark abyss, such sea-lilies would be illuminated and visible in the presence of corals—for the benefit of such few denizens of those regions which happen to have eyes. Some of our New Zealand sea-lilies were found to be a dusky-purple colour, and these would be invisible. This is probably a generalized relic-pigmentation, since many shallow-water species, e.g., 
Comanthus benhami, are similarly tinted. Sea-lilies do not necessarily need deep water. Rather they need sheltered and clean water. Where such conditions occur in shallow areas, sea-lilies will abound. No such banks have yet been discovered off our turbulent coasts, but since we have scarcely looked for them, they may well be there.

          

Postscript: Since the above paragraph was written, the southern crinoid 
Comanthus benhami has been re-discovered. In May of this year Captain Alex Black of the “Alert” visited the Southern Fiords, with Dr. 
R. A. Falla and Mr. 
W. H. Dawbin. During the cruise Captain Black gave every facility and assistance for a dredging programme, which was carried out in each of the fiords. Five specimens of the feather-star were obtained in Doubtful Sound by Mr. Dawbin at depths of twenty to thirty fathoms. A fuller report will be published later.

          
Crinoids resemble starfish whose five arms have become delicate feathery structures used for capturing food, and whose disc is changed into a cup-like structure, or calyx, containing the internal organs, and supporting the arms. The mouth is on the upper surface of the calxy. Sometimes, as in 
Pentametrocrinus (fig. 6) there are only five arms, but more usually there is a duplication at the base of each ray, so as to produce 10 arms, as in 
Hypalocrinus (fig. 7), or there may be a number of branchings, as in 
Metacrinus (fig. 9). The arms always carry numerous pinnules, which are small tentacle-like structures arranged like the pinnae of a fern-frond on either side of the arm itself. The pinnules carry poison-glands used in the capture of food-animals. All crinoids start life as flower-like creatures, anchored by a stem arising from under the calyx (see Fig. 7). In this condition they are fixed to the sea-floor, and are called sea-lilies. Sometimes, as occurs for example in the genus 
Diplocrinus (Fig. II), the upper part, or crown, may become free-swimming, trailing the stem or part of the stem behind it. In such cases, other tentacle-like structures called cirri, which are arranged in circlets on the stem (at intervals called nodes), have the power of coiling around corals, etc., and so providing



the animals with a means of becoming temporarily anchored once again. In the feather-stars the whole stalk is discarded very early in life, and never grows again. These crinoids are always free-swimming in the adult state, though they, too, can become temporarily anchored by means of a single ring of cirri carried on the underside of the caylx—see Fig. 5.

        

        

          

Key to The New Zealand Crinoids.

          

            

              

                
	1.
                
	Animal a stalked sea-lily (fig. 7)
                
	2
              

              

                
	
                
	Animal an unstalked feather-star (fig. 5)
                
	6
              

              

                
	2.
                
	Family 
Isocrinidae:
                
	
              

              

                
	
                
	Each ray dividing once only, near its base, to produce two two long, slender branches (Fig 8), thus making a total of 10 arms. On the stem, 5 cirri occur at each node, and from 8 to 18 internodal joints occur between nodes. Probably pink or red in life, white in spirit. Deep water. Figs. 7 and 8.
                
	
                  
Hypalocrinus naresianus
                
              

              

                
	
                
	Rays dividing several times, making more than 10 arms
                
	3
              

              

                
	3.
                
	Each ray dividing near its base into about 6 slender branches, thus making about 30 arms altogether in the crown (fig. 11). Stem having 2 and 3 cirri alternately at successive nodes, (fig. 11). Probably rose-coloured in life, yellowish-white in spirit Partly free-living, trailing the stem. Deep water.
                
	
                  
Diplocrinus alternicirrus
                
              

              

                
	
                
	Crown comprising more than 30 arms
                
	4
              

              

                
	4.
                
	Each ray dividing into about 8 branches, to produce a crown of about 40 arms altogether (fig. 9)
                
	5
              

              

                
	
                
	Each ray dividing into from 12 to 16 branches, to produce a crown of 60 to 80 arms. Stem-cirri in rings of 5, separated by internodes of 8 to 9 joints. Colour in life dusky purple. Deep water.
                
	
                  
Metacrinus nodosus
                
              

              

                
	5.
                
	Radial joints (i.e., those forming the basal part of the arm, before the first bifurcation) normally 4 in number. Stem with cirri in rings of 5, at intervals of 6 to 10 internodal joints. Dusky purple in life. Deep water.
                
	
                  
Saracrinus varians
                
              

              

                
	
                
	Radial joints normally 6 in number. Cirri in rings of 5, at intervals of 5 to 8 internodals. Dusky purple in life. Deep water. (fig. 9.)
                
	
                  
Metacrinus wyvillii
                
              

              

                
	6.
                
	Rays unbranched, to make a total of only 5 arms
                
	7
              

              

                
	
                
	Rays branching, to make a total of 10 or more arms
                
	8
              

              

                
	7.
                
	Family 
Pentametrocrinidae:
                
	
              

              

                
	
                
	Mouth central. Disc 5 mm. diameter. Armspread ca. 15 cms. Deep waterd. (fig. 6.)
                
	
                  
Pentametrocrinus semperei
                


              

              
              

                
	8.
                
	Lowermost pinnules on arms (i.e., those nearest disc) provided with a comb-like structure at their tips (fig. 12). Mouth displaced towards margin of disc, anus towards the centre. Littoral
                
	9
              

              

                
	
                
	No comb-like structure. Mouth at the centre of disc, anus towards the margin.
                
	10
              

              

                
	9.
                
	Family 
Comasteridae:
                
	
              

              

                
	
                
	From 28 to 38 arms. Deep purplish brown colour in life. Littoral, 2 to 30 fathoms. Known only from Southern Fiords region. Armspread ca. 21 cms. (fig. 12)
                
	
                  
Comanthus benhami
                
              

              

                
	
                
	From 12 to 20 arms. Sublittoral; known only from region of Three Kings Islands, 65 fathoms. Disc ca. 10 mm. armspread ca. 20 cms.
                
	
                  
Comanthus novaezelandiae
                
              

              

                
	10.
                
	Having 15 to 20 cirri on the aboral side of disc, the cirri long and slender, of not less than 25 segments; 10 arms.
                
	11
              

              

                
	
                
	Having relatively short cirri, of less than 25 segments; 10 to 20 arms.
                
	12
              

              

                
	11.
                
	Family 
Thalassometridae:
                
	
              

              

                
	
                
	About 25 cirrus segments. Disc 3 mm. diameter, armspread 6 to 7 cms. Deep water. (Fig. 1)
                
	
                  
Thalassometra echinata
                
              

              

                
	
                
	From 30 to 50 cirrus segments. Disc 6 mm. diameter, armspread ca. 16 cms. Deep water. (fig. 5.)
                
	
                  
Stiremetra breviradia
                
              

              

                
	
                
	From 60 to 70 cirrus segments. Disc 10 mm. diameter, armspread ca. 18 cms. Deep water. (fig. 13)
                
	
                  
Aglaometra incerta
                
              

            

          

          


          

            

[image: Explanation of The Illustrations Note: The figures are not drawn to scale; where size is of diagnostic significance, the dimensions are given in the appropriate section of the key. Fig. 1. Thalassometra echinata—calyx, bases of some arms, and three cirri (the others are broken off). Fig. 2. Charitometra basicurva—calyx, arms and a cirrus; note the characteristic transverse ridges on the arm-joints. Fig. 3. Argyrometra mortenseni—calyx and arm-bases; apparently all the cirri have been broken off, leaving only the cluster of scars showing on the calyx. Fig. 4. Glyptometra inaequalis—showing the diagnostic features. Fig. 5. Stiremetra breviradia—calyx, part of the crown and some cirri. Fig. 6. Pentametrocrinus semperi—the presence of only 5 arms is characteristic; 3 arms only can be seen in this side-view. Fig. 7. Hypalocrinus naresianus—the whole animal, illustrating the general habit of a stalked crinoid, with the crown of arms surmounting the calyx, which lies at the free end of an anchored stalk. The stalk is divided into joints, and every so often a joint bears a ring of tentacle-like cirri. Fig. 8. Hypalocrinus naresianus—characteristic mode of branching of a ray to form two slender arms, of which only the bases are here shown.]

Explanation of The Illustrations


Note: The figures are not drawn to scale; where size is of diagnostic significance, the dimensions are given in the appropriate section of the key.


Fig. 1. 
Thalassometra echinata—calyx, bases of some arms, and three cirri (the others are broken off).


Fig. 2. 
Charitometra basicurva—calyx, arms and a cirrus; note the characteristic transverse ridges on the arm-joints.


Fig. 3. 
Argyrometra mortenseni—calyx and arm-bases; apparently all the cirri have been broken off, leaving only the cluster of scars showing on the calyx.


Fig. 4. 
Glyptometra inaequalis—showing the diagnostic features.


Fig. 5. 
Stiremetra breviradia—calyx, part of the crown and some cirri.


Fig. 6. 
Pentametrocrinus semperi—the presence of only 5 arms is characteristic; 3 arms only can be seen in this side-view.


Fig. 7. 
Hypalocrinus naresianus—the whole animal, illustrating the general habit of a stalked crinoid, with the crown of arms surmounting the calyx, which lies at the free end of an anchored stalk. The stalk is divided into joints, and every so often a joint bears a ring of tentacle-like cirri.


Fig. 8. 
Hypalocrinus naresianus—characteristic mode of branching of a ray to form two slender arms, of which only the bases are here shown.


          

          


          

            

              

                
	12.
                
	Having from 15 to 25 cirri, each of which usually comprises 18 to 20 segments, never fewer than 15 segments. From 10 to 20 arms.
                
	14
              

              

                
	
                
	Having from 25 to 80 cirri, each of which comprises 16 or fewer segments. 10 arms
                
	13
              

              

                
	13.
                
	Family 
Antedonidae:
                
	
              

              

                
	
                
	From 25 to 35 cirri, each of ca. 15 segments. Disc 4 mm. diameter, armspread ca. 5 cms. (fig. 14.) Deep water.
                
	
                  
Thaumatometra alternata
                
              

              

                
	
                
	From 60 to 80 cirri, each of 12 to 16 segments. Sublittoral, known from North Cape and Three Kings Is. region, 60 to 95 fathoms. Disc ca. 3 mm. dia., armspread ca. 4 cms. (fig. 3.)
                
	
                  
Argyrometra mortenseni
                
              

              

                
	14.
                
	Family 
Charitometridae
                
	
              

              

                
	
                
	10 arms
                
	15
              

              

                
	
                
	11 to 20 arms. 20 to 25 cirri, each of ca. 20 segments. Disc 10 mm. diameter, armspread 20 cms. Deep water. (fig. 4.)
                
	
                  
Glyptometra inaequalis
                
              

              

                
	15.
                
	Arm joints ridged transversely (fig. 2). About 20 cirri, each of 18 to 20 segments. Disc 7 mm. diameter, armspread 20 cms. Deep water.
                
	
                  
Charitometra basicurva
                
              

              

                
	
                
	Arm joints smooth, not ridged. About 15 cirri, each of 15 to 18 segments. Disc 7 mm. diameter, armspread 18 cms. Deep water. Fig. 10
                
	
                  
Charitometra incisa
                
              

            

          

        

        

          

            
References
          

          
            

Challenger Reports, Zoology, vols. 11 and 26; 
Proc. Biol. Soc. Washington, vols. 29 and 31; 
Journ. Washington Acad. Sci, vol. 7, and also numerous papers by Austin H. Clark.
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Fig. 9. 
Metacrinus wyvillii—part of a crown, and upper portion of stem, note mode of branching of the two rays shown.


Fig. 10. 
Charitometra incisa—showing characters mentioned in key.


Fig. 11. 
Diplocrinus alternicirrus—part of a crown, and upper part of stem; note mode of branching of the ray into 6 arms.


Fig. 12. 
Comanthus benhami—terminal portion of an oral pinnule, showing the comb-like structure.


Fig. 13. 
Aglaometra incerta—showing the long, many-jointed cirrus.


Fig. 14. 
Thaumatometra alternata—showing characters mentioned in key.


Figs. 1, 2, 5, 6, 10, 13 and 14, after Berjeau and Highley; Fig. 3 after Th. Mortensen; Fig. 4 after Parker and Coward; Figs. 7, 8, 9 and 11 after W. S. Black; Fig. 12, H. B. Fell from a specimen in the Dominion Museum.
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The Generic Status of the New Zealand Lancelet.
        

        
In 1872, Hutton first recorded a lancelet in our waters as 
Branchiostoma lanceolatum Yarrell from material which Benham re-examined and recognised as a new species which he placed in the genus 
Heteropleuron Kirkaldy, 1895, as 
H. hectori. It has been known under this name to the present time in our literature. Unfortunately 
Heteropleuron was short-lived being reduced to a sub-genus of 
Asymmetron, and subsequently recognised as a synonym of 
Paramphioxus Haeckel 1893 which is now in turn recognised as a synonym of 
Epigonichthys Peters 1876. G. P. Whitley in his “Fishes of Australia. Part I” has proposed reference of 
H. hectori to a new genus—
Zeamphioxus—which apparently includes only the New Zealand species. He has cursorily defined the genus as distinct in the high myotome count (53 + 19 + 12 = 84), etc., of 
hectori Whitley has established other genera for Australasian lancelets—three new genera for seven species. From his acounts, it is clear he regards combinations of the level of origin of the dorsal, the number of myotomes, a notch between rostral and dorsal, etc., as generic in value. Bigelow and Schroeder in their “Fishes of the Western North Atlantic” give a key to the thirteen species of the g. 
Branchiostoma. Following Whitley's practice, this genus would explode into some six genera which is not the view of the many workers in this group. 
Branchiostoma includes species having a myotome count as low as 62 (
B. lanceolatum), up to 79 and more (
B. elongatum); a notch, or none between rostral and dorsal, etc. In brief, Whitley's generic criteria are those elsewhere recognized as only of specific significance. A comparison of Benham's account, examination of a single specimen in our collection, shows satisfactory agreement with the g. 
Epigonichthys Peters 1876 to which our species should be assigned. 
Zeamphioxus cannot be viewed as holding generic status if 
hectori is the type. Accordingly the New Zealand species is transferred to the genus 
Epigonichthys and should be known as 
E. hectori (Benham).
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          Classification of New Zealand Hepaticae.
        

        

          
Corrections to key in Tuatara, Vol. 3, No. 1.

          
p. 20, line 3, omit “of”.

          
p. 21, bottom line, for “air-chamber” read “air-chambers”.

          
p. 26, In Legends to Figures, 17, for 
Asterella australis × 16, read 
Asterella australis × 1½.

          
p. 26. Between 24 and 26 insert 25. 
Monoclea Forsteri with capsule splitting on one side only, ½ nat. size.

        

        

          
Note

          
Further investigation has shown that 
Monoclea actually does have a 4-valved capsule, and in one exceptional instance all the adjacent margins of the valves had separated, 
Monoclea thus falling into line with the other genera of the sub-order 
Jungermanniales anacrogynae.

          

            


E. A. Hodgson.
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