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          The Tenth Volume of Tuatara
        

        

          
J. Williams
        

        
The publication of the first number of the tenth volume of 
Tuatara is an occasion which the Biological Society of the University has rightly thought proper to notice in a special way. The journal has now existed in printed form for some sixteen years, but its origins go back still further, for it appeared in cyclostyled form in 1942. Mr. 
W. H. Dawbin gives a most interesting account of these beginnings in an article appearing elsewhere in this issue. Throughout its history 
Tuatara has been the journal of a students' society and this, I think, especially worthy of remark. All the work connected with the journal, other than printing, is voluntary and the student members of the publishing committee play an active part in bringing out each number. Members of the staff of the Botany and Zoology Departments assist with the preparation and editing of papers and provide general supervision.

        
It could scarcely have been forseen by those who in 1942 saw fit to duplicate for the use of themselves and other members of the Society brief reports of field excursions which the Society organised in that year that they were starting a venture which would become the 
Tuatara of today, a leading publication of its kind, printing over 1,000 copies of each issue. But so the development has come about. Those who have directed the journal have had as their aim to publish articles of interest to senior secondary school students and their teachers, university students and amateur naturalists. At the same time the journal has contained work of value to practising scientists, showing the 
current applications and future scope of biological research. Most of the leading scientists of the country whose work has a biological significance have been contributors, and for some an article written in their student days for 
Tuatara has been the beginning of a distinguished list of published papers. The sum total of information on the New Zealand fauna and flora contained in the journal is now so extensive and of such quality as to make the series an important part of the library of the biological scientist interested in this part of the world.

        
That so considerable a result should have come from so modest a beginning is the best assurance that 
Tuatara will continue to play an important part for the future in the advancement of the biological sciences. On behalf of the University, I congratulate the Biological Society on its achievement in bringing 
Tuatara to its present high standard and I offer the University's best wishes for an ever increasing sphere of usefulness for the journal.

        


J. Williams,

 Vice-Chancellor

April 1962
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          The Beginnings and Early Development of Tuatara
        

        
by 
W. H. Dawbin


Department of Zoology, University of Sydney

        

As a result of the steadily increasing circulation of 
Tuatara over the years, many of its present readers are unfamiliar with the history of its beginnings as a journal of the Biological Society, Victoria University of Wellington. The commencement of the tenth volume makes an appropriate milestone at which to review its early history.

        
The true origins of the journal well antedate the first printed issue in 1947, which arose largely as a development from an earlier cyclostyled form. In 1942. the members of the Biological Society had organised and participated in a considerable number of useful field excursions where we were fortunate in having the enthusiastic help of specialists in the flora and fauna of the selected areas to teach us the principles of field identification. During one programme on the slopes of Mt. Hector, a long evening session on identification and community ecology raised the comment that a summary of the observations ought to be put on record for the others to use or extend in future. Insofar as it is ever possible to say that a publication began at a particular moment, I would say that the first cyclostyled 
Tuatara originated at this discussion in Field Hut. Of names suggested for the proposed journal, 
Tuatara was chosen because the tuatara is not only unique to New Zealand but its best-known colony is at Stephens Island, Cook Strait, close to the Wellington area.

        
Brief reports of the main field excursions of 1942 were prepared, and my foreword as President of the Biological Society for that year expressed the hope that it might stimulate ‘interest in the living organism and the mode of its living in natural surroundings’. Summaries of lectures given by invited speakers to the Biological Society in 1942 were included and the cyclostyled issue was distributed free of charge to members of the society.

        
My personal association with 
Tuatara ceased temporarily from 1943 until after I returned to Wellington in 1946 and joined the Department of Zoology as a junior member of staff. Discussions with the 1947 committee of the Biological Society showed that there was ample enthusiasm for reviving the journal in a new form. The Biological Society asked me to serve again as Editor and



strongly supported a plan to produce the journal in printed form, for which Miss 
P. Ralph kindly consented to become publisher. It was clear from the number of copies required to justify printing that the journal would need to be made available to a wider group of readers than the members of the Victoria University College Biological Society alone, so from this point the journal has been distributed to any persons or institutions sufficiently interested to take out subscriptions.

        

          

[image: Cover design of the first cyclo-styled issue of Tuatara in 1942. In the accompanying article the original editor, W. H. Dawbin, traces the origin of the present journal from this modest beginning.]
Cover design of the first cyclo-styled issue of 
Tuatara in 1942. In the accompanying article the original editor, 
W. H. Dawbin, traces the origin of the present journal from this modest beginning.


        

        
As stated in the editorial of Volume I No. 1, the contents were planned to include reviews of biological work and problems in New Zealand and keys to aid the identification of one group of animals and one of plants in each issue, the text to be obtained if possible from specialists in each field. It is not always easy to persuade specialists to write for a new or little known publication and the society owes a special debt to those who had sufficient faith in the journal's future to provide sound articles and keys from the beginning and so set a standard which could be followed and built on progressively in subsequent issues.

        


        
Printing a new journal involves the problems of selecting page size, number of pages, type faces, blocks, cover design, search for advertisers and to these was added the problem that the society had no funds, nor did it have any foreseeable prospect of obtaining any except from the sale of copies after publication and that obtained from advertisements. One could hardly claim that a new journal with a first issue of 200 copies only was an attractive proposition to advertisers, so a major effort by student members and staff was needed to search for orders and we especially appreciated the help which was given by those who placed the first advertisements. Above all we needed an act of faith by a printer whose costs could be met only if we succeeded in selling most of the copies by cash sales. I am glad to record the way Tolan Printing Company saw us over the interim period of the first issue in particular. Later the number of permanent subscribers increased steadily. Larger numbers of copies could be printed and the price was increased to 2s. at Vol. III No. 2, so the situation during the publication of the first three volumes progressively eased.

        
At the tenth issue of 
Tuatara, i.e. Vol. IV No. 1, financial assistance from the Victoria University College Publications Fund was provided and continued over some subsequent issues. The immediate results were a change in cover to feature a tuatara, an increase in the number of illustrations, and range and styles of type face available from the Timaru Herald Co. Ltd. which has printed the journal from that time. However the general editorial policy remained substantially the same as that outlined in the first issue. The value of the zoological and botanical keys had been quickly appreciated and the number and diversity of groups treated have contributed their part to the increase of interest in the systematics of New Zealand animals and plants, while the general articles have covered a wide range of biological subjects.

        
As in all student populations, there have been changes in the membership of the Biological Society and its committee each year, so that many people have taken their turn at locating possible contributors and advertisers, testing keys for ambiguities to the uninitiated, correcting galleys and assembling page proofs, posting and distributing copies and working at other tasks involved in publishing a journal. The voluntary work of these and members of the staff of both the Zoology and Botany Departments made a valuable liaison between us all outside the classroom, and certainly made my own association with 
Tuatara a most enjoyable experience. While this ceased as editor on my transfer to Sydney in 1956 I have been impressed as a reader by many features of the recent issues and took especial note of the milestone passed by the publication of illustrations in colour. I wish every future success to 
Tuatara and all those associated with its continued production as an independent medium for the use of New Zealand and, to an increasing extent, overseas biologists.
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          Dating Recent Mountain Growth By Fossil Pollen
        

        
by Sir 
Charles Cotton


Professor Emeritus, Victoria University of Wellington

        

          

            

In The Last Few Decades proofs have been discovered of the recency (previously unsuspected) of mountain uplift in various parts of the world. In New Zealand the dating within the last few years by microfloral evidence, largely by the study of fossil pollen grains (palynology), of deposits laid down in early Pleistocene times has made it evident that at least some of our mountains have arisen in that period — and quite probably within the last few hundred thousand years. In California also, the Sierra Nevada is a conspicuous example of a great mountain range that was upheaved at an equally late date, as has been shown by examination of pollen contained in lake beds that accumulated at low levels across the site of the present-day mountains.

          

          

Geomorphologists long ago exposed the fallacy of ‘the everlasting hills’. Many of them have, however, clung tenaciously to the doctrine of survival for many millions of years of mountainous relief forms or at least of considerable relics of ancient landscapes on the upraised blocks and arches from which mountains are being carved by erosion. It is true that the tempo of erosion, notably that of dissection of the land surface by streams of water, varies considerably from region to region, depending apparently on differences in distribution and intensity of rainfall that seem at first sight negligible. C. H. Crickmay, a whole-hearted believer in the importance of the role of lateral corrasion and the sideward swinging of rivers in shaping the landscape, goes so far as to claim that there may be ‘differences of intensity of superficial geologic activity of at least ten million to one’ (Crickmay, 1959, p. 50); but this takes into account both local differences of ground slope (Crickmay describes the erosive processes on level ground as ‘stagnant’) and the important fact of local exposure to or immunity from active corrasion by wave or river action. Allowance being made, however, for appreciable 
regional differences in the tempo of erosion, such as that evidenced by a postglacial development of fine-textured erosional relief in New Zealand but not in north-western Europe, it is obvious that the rapidity of mountain dissection and the kaleidoscopic changes of form which some evolving landscapes undergo have very often been overlooked. The oversight may be attributed in general to the acceptance of exaggerated estimates of the length of time that has elapsed since the upheavals took place that produced the initial forms of mountain ranges.

          


          
There is evidence of large-scale upheaval of mountains in Pleistocene time in Italy, in New Zealand, in the Himalayas and the ranges of central Asia, in Scandinavia, and in Iceland, as well as in western North and South America. Although information bearing on such recent mountain growth has been accumulating for several decades, little precise dating has been attempted, and so there has been a lingering tendency to minimise the actual recency of the events by referring to them in such terms as ‘Miocene and Pliocene movements some of which persisted strongly into the Pleistocene’ (Flint, 1947, p. 514).

        

        

          
Recent Mountain Growth in New Zealand

          
In the north-west of the South Island of New Zealand Suggate has attributed the 
whole of the present-day relief (some 4,000 to 5,000 feet) of the Paparoa and Victoria ranges to upheaval that began only after the beginning of the Pleistocene period. After a low-lying flat surface had been developed by erosion towards the end of the Tertiary this was covered by thin strata of late Pliocene and probably much thicker gravel beds of early Pleistocene age (the latter not shown in Fig. 1). Then the ranges arose with arched


[image: Figure 1. The Paparoa Range (west) and Victoria Range (east), carved by erosion from arches upraised in the Pleistocene period and separated by a gravel-filled syncline. Data from Suggate (1957).]
Figure 1. The Paparoa Range (west) and Victoria Range (east), carved by erosion from arches upraised in the Pleistocene period and separated by a gravel-filled syncline. Data from Suggate (1957).


forms (Suggate, 1957, fig. 19), separated by a syncline of similar dimensions that has since been infilled (Fig. 1). The unconsolidated cover being soon washed off, the underlying arches of hard rock have since been intricately dissected by erosion, and so it must be assumed that, though uplift certainly has continued through the Pleistocene, much of the upheaval of the ranges had taken place in the earlier — though not the earliest — part of the period. The



Pleistocene period was, however, a very short one, not more than one-tenth of the length of the shortest of the earlier geological periods. Its length is generally stated at about a million years, but according to some estimates it was considerably shorter.

          
The apparent absence of any glaciations except those of very late Pleistocene date in peninsular Italy and in the Central Range of New Guinea (Verstappen, reviewed by Cotton, 1961) may indicate simply that in early and even in middle Pleistocene times the mountains of these regions had not yet grown high enough to be glaciated. In New Zealand non-discovery of glacial morainic debris of early Pleistocene date in the mountains might, though it is only negative evidence, be acceptable as an indication that high mountains were not in existence in the early glacial ages; but this inference is supported by the discovery 
at low levels of some undoubtedly glacial deposits which must have originated in the early Pleistocene as they are conformable with stratified beds of that age. The Ross Glaciation, to which Gage (1961) and others refer these, may be correlated tentatively with the ‘first’ or ‘second’ of the world glacial ages (Günz, Mindel, Riss, Würm), perhaps with the Günz, seeing that the glacial deposits are associated with stratified deposits of New Zealand's early Pleistocene stage, the Lower Nukumaruan. (The paleontology of the Upper Nukumaruan, in the North Island, affords evidence of another Pleistocene cooling of ocean waters that may be tentatively correlated with the Mindel refrigeration.)

* Neither the Günz nor the Mindel age is as yet precisely dated in years, but a date as late as about 320,000 B.P. (before present) has been suggested for the Günz and about 235,000 B.P. for the Mindel (Fairbridge, 1961, fig. 10, p. 133). Though it is quite possible that these estimates of age are too low it is perhaps a safe guess that the Ross Glaciation occurred not more than half a million years ago.

          
The deposits laid down during this early New Zealand glaciation are themselves part of a sequence of strata which, though their age is fixed by microfloral evidence, are in part marine. These beds, and with them the glacial deposits, have been folded by movements contemporaneous with strong upheaval of the adjacent Mount Greenland, west of the Southern Alps — and very probably of the main range of the Southern Alps itself. The main range had begun to rise rapidly in earliest Pleistocene times, its erosion supplying a vast flood of coarse debris before the Paparoa and Victoria ranges were arched up (Suggate, 1957, p. 24), but much of the upheaval has certainly taken place since the Ross Glaciation, which Gage (1961, p. 631) suggests was due to ‘ice-cap glacierisation’ and which may, therefore, have occurred on comparatively low ground.

          


          
While admitting that ‘we cannot picture either the details of the early Pleistocene landscape or the character of the Ross Glaciation’, Gage envisages the landscape as ‘an early stage in the mountain-building, when dissection was incomplete, the relief less severe, and the scenery less strongly alpine than in the late Quarternary [and the present day], so that there may have been extensive plateaus upon which ice-caps or plateau glaciers could have been generated’. In other words, though not anterior to the whole of the uprise of the Southern Alps this was a time during — and perhaps midway through — the growth of the range and so near to its first up-bulging that incision of valleys had reached only a young stage and the landscape was as yet very far from the stage of maturity and intricate dissection it has since attained.

        

        

          
Microfloral Dating of Upheaval

          
In the last few years the precise methods of pollen study have been employed in dating a great mountain upheaval, and this has proved to be of startlingly recent date as compared with earlier estimates and guesses. In 1957 Axelrod established by study of fossil floras that uniform climates prevailed in Tertiary times from the coast of California eastward into the interior of North America —the region being then of small relief and low-lying. The basins and ranges, that is to say, which now cause rain-shadow effects and diversification of climate and flora were not yet in existence. This applies in particular to the high Sierra Nevada range which separates desert interior basins from the relatively humid coastal region. In two studies dated 1960 and 1961 Axelrod and Ting have applied the method of dating by pollen content to lake deposits now at high levels on the Sierra Nevada and at lower levels east of the range.

          

            

[image: Figure 2. The Sierra Nevada of California : an example of a mountain range unheaved in the Glacial Period. After Axelrod and Ting.]
Figure 2. The Sierra Nevada of California : an example of a mountain range unheaved in the Glacial Period. After Axelrod and Ting.


          

          


          
On the Sierra Nevada extensive remnants are preserved of two more or less level erosion surfaces (Fig. 2). The older of these was developed as a lowland by erosion before upheaval of the range began; the younger surface was cut by the widening of valleys which had been excavated below the level of the older after it had been raised several thousand feet by the first spasm of upheaval. Since the widening of valleys took place, with the formation of the lower recognisable erosion surface, there has been even stronger upheaval, which has raised both the erosion surfaces to altitudes of 10,000 feet and more on the highest parts of the range. Relics of the surfaces that have survived the more recent ravages of erosion are now isolated plateaus between deep, newly-cut canyons. Until very recently the problem of dating the origin of the two main erosion surfaces baffled investigators, who all regarded them as ancient but who failed to agree on their ages. F. 
E. Matthes, the leading authority on the geomorphology of the Sierra Nevada, described the upper surface as of Eocene age and the lower as Miocene, dates which implied that the first upheaval was very ancient (post-Eocene but pre-Miocene) and that the second also could have occurred many millions of years ago.

          
Both the upper surface (to which the name Boreal, formerly of local application, is now given throughout) and the lower (now referred to as the Chagoopa or Broad Valley surface) are overlain in places by sediments that accumulated in lakes existing when the surfaces were low-lying. From these sediments abundant pollen has been obtained at a number of places, study of which has revealed the date of accumulation of the sediments as well as affording much information regarding the climates prevailing when the lakes were in existence. The deposits spread on the Boreal surface are of Late Pliocene age (Axelrod and Ting, 1961, p. 121).

          
At some localities east of the Sierra Nevada beds containing the same pollen flora as these are associated with others containing mammalian fossils of Late Pliocene or possibly Early Pleistocene age; but Axelrod and Ting (1960, p. 27) are satisfied that their age is definitely very late Pliocene, being convinced of this by the floristic composition of the pollen assemblage, which they have compared with that in coastal Californian Iocalities. This whole region was one of changing climates and changing plant distributions in the Pliocene period, so that a Late Pliocene floristic composition can scarcely be misinterpreted. From the uniformity of the fossil pollen flora on the high plateau of the Sierra and at many localities in rain-shadow deserts to the east and its similarity to that found at places near the coast of California it is certain that the Sierra Nevada range was not in existence in the very late Pliocene — as is obvious also from the near-senile character of the relief on the Boreal surface of the high Sierra, the date of that surface being now established. To quote from Axelrod and Ting (1960, p. 1): ‘Analysis of Late Pliocene vegetation leeward [i.e. east] of the



present Sierra Nevada, and comparison with contemporaneous floras in western California, shows that the Sierra had only low to moderate relief [i.e. had not yet begun to rise as a mountain range] and that drainage was westward across [the site of] the range. Although the Late Pliocene floras represent only one major life zone (transition yellow-pine forest), the fossil localities now occur in life zones ranging from lower desert to upper subalpine forest, which have evolved in response to the 8,000-9,000 feet of relief that has developed more recently.

          
In 1960 Axelrod and Ting were of the opinion that some of the deposits with the Late Pliocene flora lay on the Broad Valley or Chagoopa surface, besides some on the Boreal surface, so that these two surfaces appeared to be of approximately the same age notwithstanding that several thousand feet of upheaval followed by incision of valleys and then by the opening out of these into ‘broad valleys’, the last especially being a time-consuming process, had occurred between the two periods in which lakes existed and sediments accumulated. This apparent inconsistency between the floristic and geomorphic histories of the region has been removed by the correction of an error. In their later report these authors (1961, p. 12 footnote, p. 145) have withdrawn the statement that the Late Pliocene flora occurs on the Broad Valley surface, investigation having shown that the beds containing this flora (at altitudes of 9,000-10,000 feet on the high Sierra) lie only on the higher (Boreal) surface, whereas floras of Early Pleistocene age are found at localities situated on the plateaus of the Broad Valley (or Chagoopa) surface, these being now also at altitudes of over 8,000 feet.

          
On the Kern Plateau of the Sierra Nevada a similar Early Pleistocene flora (a ‘pine-fir ecotone’) is found not only at very high altitudes but also at localities through a vertical range of 2,500 feet in a distance of thirty miles, which is taken to indicate tilting of the surface (now a plateau) at some time after fossilisation took place (A. and T., 1961, pp. 142-3). Moreover, they are present also at much lower levels (at altitudes of less than 3,500 feet) east of the Sierra Nevada in Owens Valley, which has obviously suffered very much less upheaval since their accumulation. This serves to establish a recent date for the long-known great fault, or zone of step faulting, between the large Sierra Nevada and Owens Valley earth blocks (Fig. 2).

          
As regards more or less precise dating of the period at which lakes existed on the then low-lying Broad Valley-Chagoopa surface, ‘cool, moist climates like those of the Chagoopa phase appear to be contemporaneous with glacial conditions’ (A. and T., 1961, p. 140). A decision to correlate it with the ‘second’ (Kansan or Mindel) rather than with an earlier glaciation has been influenced to some extent by the fact that the earliest glaciation recorded in the Sierra Nevada region, the McGee Glaciation, has been referred to



the Kansan age, and McGee glacial till is known to rest on the Chagoopa surface (A. and T., 1961, p. 141). Needless to say, the glaciers that laid down the deposits attributed to the McGee Glaciation. like those of the Ross Glaciation of New Zealand, cannot be traced to an origin in valleys in any way resembling those of the present day. They existed, that is to say, before the upgrowth of the mountain forms of the present-day landscape. This is only one more example of upheaval of mountains during, instead of anterior to, the Glacial Period — and within the last half million or perhaps even the last quarter of a million years.

          
Another consideration that must be given due weight in deciding whether to correlate the Chagoopa episode with the ‘first’ or the ‘second ’ glacial age is the lapse of time that must be allowed for the events between the two floral stages, ‘Late’ Pliocene and Early Pleistocene. These comprise (1) uplift of the Sierra Nevada range amounting to 2,500-3,000 feet, which, however rapid it may have been, was followed by (2) a long period of erosion during which not only were valleys incised but — a process demanding much more time — the floors of these valleys were opened out to a great width, with development of the Broad Valley-Chagoopa surface. The Pliocene period as a whole having been at least ten times as long as the Pleistocene, it seems at first sight reasonable to suggest that much of the time that must have elapsed between the development of the Boreal and of the Broad Valley-Chagoopa surface was within the Late Pliocene. According to Axelrod, however, this cannot have been the case, for the ‘Late ’ Pliocene flora on the Boreal surface flourished really at the very end of the Pliocene. He has described the climate that conditioned it as ‘the beginning of a glacial stage’ (A. and T., 1961, p. 140), which can only mean a time transitional to the Pleistocene glacial period. In accordance with this, the first upheaval of the Boreal surface, i.e. of the Sierra Nevada as a whole, must have occurred ‘in the Plio-Pleistocene transition and/or in basal Pleistocene time’, and acceptance of this necessitates placing the (much later) second, or major, upheaval of the range as a ‘mid-Pleistocene event’ (A. and T., 1961, p. 141) rather than early Pleistocene. Thus the major upheaval of the Sierra Nevada range may have taken place as late as the Yarmouth, or Mindel-Riss, interglacial age, which began, according to some recently published estimates, only about 235,000 years ago (cf. Fairbridge, 1961, fig. 10).
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* Since this was written Woldstedt (1961), following a suggestion by Suggate, has proposed to correlate the Nukumaruan-age glaciations with 
pre-Günz glaciations in Europe; while Vella (1961), on the other hand, has suggested dating them as of Mindel 
age and younger.
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Vanessa gonerilla (The Red-Admiral butterfly) — flighting briefly with birds



        

          Vanessa gonerilla (The Red-Admiral butterfly)


flighting briefly with birds
        

        

          
L. R. Richardson
        

        

On a variety of occasions I have noticed that this butterfly will break from rest or from an erratic flight to briefly follow a bird; but this seemed a matter of coincidence until recently (21/1/62) when the element of coincidence could be ruled out. Two Redadmirals were flying in an erratic ascending spiral in full sun, rising to a height of fifty or more feet and then dropping rapidly to ascend again, or to rest on a 
Coprosma hedge. A sparrow flew low above a resting Red-admiral which broke rapidly into flight following about a foot below and several feet behind the sparrow. The two flew out over a valley and the butterfly then returned to the original resting place. The butterfly followed the bird for at least fifty yards. Shortly afterward, a second sparrow crossed the hedge some ten feet away from the butterfly which again broke into flight and followed the sparrow, but a white-eye (
Zosterops lateralis) underflew the sparrow in the reverse direction. The butterfly swung around and followed the white-eye well beyond the resting place before returning to alight again at the same resting place. Subsequently, I have repeated observations of this behaviour.

        

          

            
L. R. Richardson
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          Key to the Family Ziphiidae Beaked Whales
        

        
by 
Charles McCann


Vertebrate Zoologist, Dominion Museum, Wellington

        

          
Introduction

          

The family ziphiidae or Beaked Whales comprises five genera of the least known among the order Cetacea. Most cetologists, both past and present, are agreed that the determination of the various species is no easy matter. The family has been the subject of much controversy and of taxonomic difficulty.

          
The similarity in the external appearance, not only of the genera, but also the species, has added greatly to the problem of the correct determination in the field.

          
The males alone erupt functional teeth

1 used as weapons of defence or offence, much in the same manner in which a boar uses its tusks, inflicting great weals on the body of the opponent. Females very seldom, if ever, erupt the corresponding teeth, but they are present below the gums. Rudimentary teeth appear in some specimens, either in the lower or upper jaws or both, but such teeth are often shed with age or by rubbing away. They are normally not socketed in the bone. The only exception to the general rule is 
Tasmacetus. which, in addition to the defensive teeth, possesses fairly well developed teeth in both jaws. In the past insufficient importance has been attached to the teeth as a means of determination.

          
The family Ziphiidae comprises five genera of comparatively large and small whales: Ziphius. Berardius, Hyperoodon, Mesoplodon

2 and 
Tasmacetus. Ziphius and 
Tasmacetus are both monotypic genera; the former is almost cosmopolitan, but the latter is confined to the Southern Hemisphere, in the vicinity of New Zealand. 
Berardius and Hyperoodon are represented by two species each; one of each in the Northern and Southern Hemispheres respectively. Mesoplodon has the largest number of species,

3 eight, some of which are confined to the Northern Hemisphere, others to the Southern Hemisphere. Occasionally, stragglers appear as strays, extraterritorially, far outside the normal range of the species.

          



1 Functional teeth, however, are present in both sexes of 
Berardius.





2 A revision of this genus is in course of preparation by the author.





3 
M. hectori (Gray) has been removed to 
Berardius—paper in press.




          
In New Zealand waters the family is represented by 
Ziphius cavirostris Cuvier; 
Berardius arnouxi Duvernoy; Hyperoodon planifrons Flower; 
Mesoplodon grayi Haast, 
M. layardi (Gray) and 
M. stejnegeri True; and, finally, 
Tasmacetus shepherdi Oliver. Thus New Zealand is in a comparatively favourable position for the study of the family, but the species are by no means common. As they are not regular on the commercial list, the worker has to rely mainly on stranded specimens for study.

          
The well-developed rostrum or beak is characteristic of the family. After maceration of the skull, the great length of the rostrum is even more pronounced so much so that some of the uninitiated finding the skull alone tossed up on the beach have referred to it as that of a giant bird! The ‘avian’ appearance is more pronounced in members of the genus 
Mesoplodon.

          
In the flesh the males alone are readily distinguished by the erupted functional teeth which are characteristic of the species, but the females constitute a real problem and it is not until the teeth have been removed from the jaws and examined that their true identity can be established.

          
Functional mandibular teeth are present at the extremity of the symphysis in 
Ziphius, Hyperoodon and 
Tasmacetus. In 
Berardius two, occasionally one, appear in each ramus between the posterior and anterior union of the symphysis; the anterior is at the extremity in old animals. In 
Mesoplodon. except for 
M. mirus True, a North Atlantic species, the mandibular teeth are nearer, or at, the posterior union of the symphysis. (For purposes of determination it is desirable to take at least the anterior portion of the lower jaw with the teeth 
in situ, if collection of the entire head is impracticable.)

          
When skulls are available, a noticeable character is the presence of a long channel, the mesorostral groove, leading from the anterior narial opening to the extremity of the rostrum. In the flesh the channel is filled with dense cartilage. The mesorostral groove is permanently open in 
Ziphius, Hyperoodon, Berardius and 
Tasmacetus, but in 
Mesoplodon this groove is eventually closed by the replacement of the cartilage by dense bone in males and cancellous bone in females. The extent to which the mesorostral groove is filled is largely dependent on age. However, it must be indicated that in 
Ziphius the mesorostral groove is not so well defined as it is in the other genera, particularly in the male, owing to the extraordinary, cavernous development between the narial opening and the extremity of the rostrum, sometimes referred to as the ‘basin’.

          
Size in the flesh, although of some value when dealing with adults, is of little importance as it may overlap in the genera with age. Nevertheless, it is noteworthy to add that no species of 
Mesoplodon exceeds 6.000 mm. (20 ft.) between verticals. Incidentally, 
M. layardi is the largest of the species of 
Mesoplodon.

          


          

            

[image: Plate 1. Outlines Of New Zealand Ziphiidae (Semi-Diagrammatic) Z., Ziphius cavirostris Cuvier, male and female; H., Hyperoodon planifrons Flower, male; B., Berardius arnouxi Duvernoy, male; T., Tasmacetus shepherdi Oliver, male; Ml., Mesoplodon layardi (Gray), male; Mg., Mesoplodon grayi Haast, male; Ms., Mesoplodon stejnegeri True, male.]

Plate 1. Outlines Of New Zealand Ziphiidae (Semi-Diagrammatic)


Z., Ziphius cavirostris Cuvier, male and female; H., Hyperoodon planifrons Flower, male; B., Berardius arnouxi Duvernoy, male; T., Tasmacetus shepherdi Oliver, male; Ml., Mesoplodon layardi (Gray), male; Mg., Mesoplodon grayi Haast, male; Ms., Mesoplodon stejnegeri True, male.


          

          


          
The length and breadth of crania are useful details for separation of the genera, but not absolute. Again, 
Mesoplodon has the smallest zygomatic width in the family.

          
Although generally black, the colour is of little value for determination of the genera or species of Ziphiidae. Cetacean colouring changes very rapidly after death and even in fresh specimens the colour pattern is very variable.

          
The only sure way of determining the genera and species of Ziphiidae is by a critical examination of the teeth and crania.

        

        

          
Key to the genera of Ziphiidae on dental characters (New Zealand)

          

            

              

                
	1 (6)
                
	Mandibular teeth 
circular or ovoid in cross-section; conical, obovoid or fusiform in shape.
              

              

                
	2 (5)
                
	Teeth 
solitary in each ramus.
              

              

                
	3 (4)
                
	Skull not exceeding 950 by 555 mm.; mandibular symphysis 185 to 230 mm.
                
	
Ziphius (figs. 2a, 2b)
              

              

                
	4 (3)
                
	Skull large, exceeding 1,100 by 520 to 600mm.; mandibular symphysis 400 mm.
                
	
Hyperoodon (figs. 7a, 7b)
              

              

                
	5 (2)
                
	Teeth numerous in both jaws in addition to the defensive mandibular teeth; skull large, 1,148 by 505 mm.; mandibular symphysis 423 mm.
                
	
Tasmacetus (fig. 3)
              

              

                
	6 (1)
                
	Mandibular teeth strongly compressed laterally; occasionally terminal; between the posterior and anterior union of the symphysis or at or near the posterior union.
              

              

                
	7 (8)
                
	Skull large, symmetrical;

1 1,400 by 610 to 710mm.; symphysis 250 to 350 mm.; normally two teeth in each ramus (occasionally one), one terminal, the other a little to the rear.
                
	
Berardius (fig. 6)
              

              

                
	8 (7)
                
	Skull smaller, markedly asymmetrical,

2 1,100mm. or under by 410 mm. or under; symphysis reaching 325 mm.; one mandibular tooth in each ramus at or near posterior union of symphysis.

3
                
	
Mesoplodon (figs. 1, 4, 5)
              

            

          

          



1 Posterior extremities of premaxillae subequal.





2 Posterior extremity of right premaxilla markedly larger and laterally curved than left.





3 Terminal in 
M. mirus True.




          

            

[image: Plate 2. Defensive Teeth Of New Zealand Ziphiidae1a and 1b, Mesoplodon grayi Haast, male and female respectively; 2a and 2b, Ziphius cavirostris Cuvier, male and female respectively; 3, Tasmacetus shepherdi Oliver, male; 4a and 4b, Mesoplodon stejnegeri True, male and female respectively; 5, and 5b, Mesoplodon layardi (Gray), male and female respectively; 6, Berardius arnouxi Duvernoy, male; 7a and 7b, Hyperoodon planifrons Flower, male and female respectively.]

Plate 2. Defensive Teeth Of New Zealand Ziphiidae

1a and 1b, 
Mesoplodon grayi Haast, male and female respectively; 2a and 2b, Ziphius cavirostris Cuvier, male and female respectively; 3, Tasmacetus shepherdi Oliver, male; 4a and 4b, Mesoplodon stejnegeri True, male and female respectively; 5, and 5b, Mesoplodon layardi (Gray), male and female respectively; 6, Berardius arnouxi Duvernoy, male; 7a and 7b, Hyperoodon planifrons Flower, male and female respectively.


          

          


          
Note: The teeth of females in the first division of the key usually terminate in a sharp point of 5 to 7 mm, surrounded by a distinct collar of dentine (figs. 2b and 7). In the second division the teeth of the males (and sometimes in the females) are provided with an enamelled cusp or tip, which is often completely worn down in old animals (males). In all genera the roots of the teeth become nodular or jagged (in 
Mesoplodon) in some with age. Finally, the roots begin to be absorbed and the alvcoli become shallower by the growth of secondary bone. In all cases due allowance must be made for the wear of the apical region of the teeth of males.

        

        

          
Key to the species of 
Mesoplodon (New Zealand)

          

            

              

                
	1 (2)
                
	Premaxillary foramina 
anterior to maxillary foramina. (The foramina are very exceptionally on almost the same transverse level in 
M. layardi.) Teeth large, strap-shaped in male, triangular in female; sexes with outwardly turned enamelled cusps; teeth reaching 300 mm. by 62 by 12 to 18 mm.
                
	
M. layardi (figs. 5a, 5b)
              

              

                
	2(1)
                
	Premaxillary foramina 
posterior to maxillary foramina; teeth not strap-shaped, nor enamelled tip markedly outwardly bent.
                
	
              

              

                
	3 (4)
                
	Teeth large, 80 to 140 by 45 to 80 by 12 to 16 mm., curved forwards in male, triangular in female. Premaxillae almost obscuring the narial opening in dorsal aspect.
                
	
M. stejnegeri (figs. 4a, 4b)
              

              

                
	4 (3)
                
	Teeth smaller, almost vertical in jaw, triangular above the gum in male; smaller and triangular in female; premaxillae not obscuring narial opening. Basirostral grooves present and well developed; teeth 70 by 60 by 12 to 14mm.
                
	
M. grayi (figs. 1a, 1b)
              

            

          

          
Note: Although some cetologists deprecate the use of the premaxillary and maxillary foramina as means of diagnosis, 1 agree with Flower (
Trans. Z.S.L. 1878, X) and Raven (
Amer. Mus. No., 1937, No. 905) in regarding them as a useful and comparatively safe accessory character.
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          Determining Depths of New Zealand Tertiary Seas

 An Introduction to Depth Paleoecology
        

        
by 
Paul Vella


Geology Department, Victoria University of Wellington

        

          
Abstract

          

            

Paleoecology is the study of past environmental conditions. It is based chiefly on fossil; but also on lithologies and inferred geological history. Marine paleoecology has two primary aims: firstly to determine former surface water temperatures and secondly to determine former sea depths. Until now little effort has been made to determine depths of former New Zealand seas, even though the information is vital for geological history, and particularly for tectonic history.

            
Depth paleoecology is best carried out in three steps. The first is to determine fossil biofacies by noting consistent taxonomic associations. The second step is to determine the order of relative depths of the fossil biofacies from their space-time distribution. The third step is to determine absolute depths by depth-correlating each fossil biofacies with its equivalent present-day biofacies. Depth-correlation of biofacies that represent a particular depth at different times is carried out by application of methods and principles analogous to those applied to time correlation of stratigraphic zones that represent the same time at different places. A series of biofacies for any particular age is easier to depth-correlate than an isolated biofacies.

            
The determination of absolute depths of former New Zealand seas is hampered by lack of data on the depth ranges of present-day organisms (especially Foraminifera) in seas around New Zealand. But a basic framework of world-wide depth biofacies is defined by progressive change with depth of relative proportions of the main groups of marine organisms represented by fossils. and can be applied to paleoecology in New Zealand. This framework is supported by some well established changes with depth in molluscan and foraminiferal faunas.

          

        

        

          
The Status of Paleoecology in New Zealand

          

The two most important aims of paleoecology are to estimate sea-level temperatures at successive times during the past, and depth of deposition of ancient sediments. Temperatures indicate climatic history: depths indicate palcogeography and much of tectonic history.

          


          
Various animals grousp have been used to estimate temperature changes at sea-level during the Cenozoic. Temperatures are generally considered to have risen during the early Tertiary, reaching a maximum at the beginning of the Miocene, and to have fallen during the late Tertiary, reaching a minimum in the Pleistocene. No attempts have been made to define temperature-controlled zoogeographic provinces for any time within the Tertiary. From the distribution of reef-building corals (Squires, 1957), however, it is clear that temperature zonation existed during the Miocene, and temperature zonation may be assumed to have existed throughout the Cenozoic. Determination of past temperature zones is vitally necessary for both depth determination and inter-regional stratigraphic correlation.

          
Depth paleoecology is virtually an unexploited field of research in New Zealand, and is still seriously hampered by lack of data on the depth ranges of present-day organisms in New Zealand seas. Previously only two serious attempts have been made to determine depths of deposition of New Zealand Tertiary sediments by paleoecological methods. The first (Fleming, 1953) dealt mainly with Pleistocene marine sediments deposited within a small range of shallow depths. The second (Vella, 1962) dealt with Upper Miocene and Pliocene sediments near Mauriceville. Wairarapa. deposited between 0 ft. and c5.000 ft. In a large range of depths such as that determined in Wairarapa. certain general features of the faunas can be used as criteria for broad depth divisions which are useful for a reconnaissance of New Zealand Cenozoic sea depths.

          
The physical factors which probably account for these depth criteria are discussed below and a practical method for applying the criteira to paleoecology is outlined. The method is based on total fossil content of rocks, and can be used by a geologist with an elementary knowledge of paleontology. It is limited in that it will give only broad and rather indefinite depth ranges, but these depth ranges can serve as a firm basis for more detailed studies by specialist paleontologists. Some additional notes are given on particular Mollusca. Echinoidea. and Foraminifera which appear to be useful depth indicators.

        

        

          
First Principles of Paleoecology

          
The primary assumption of paleoecology is that ‘the present is the key to the past’. Paleoecology is essentially the reverse of ecology. The ecologist seeks to determine the inter-relationships of living plants or animals to their environment, and is able to measure physical factors of the environment directly. The paleoecologist uses ecological data to attempt to infer physical factors of the environments of fossils. His inferences are liable to be considerably in error because the fossil record is fragmentary, and because the ecology of present-day organisms is as yet imperfectly understood.

          


          
The plant and animal community is itself one of the most characteristic features of any environment because it is extremely sensitive to any change in the environment. Fossils are a partial record of past communities, and are the best index we have of past environments. They are not so reliable, however, that the paleoecologist can afford to neglect any other lines of evidence. All fossils occur in some kind of rock, and the physical and chemical characters of the rock may be diagnostic of a particular environment or range of environments. The sequence of events inferred from the stratigraphic succession is also invaluable for the paleoecologist.

          
The term ‘facies’ which commonly appears in geological literature strictly means general appearance. It is used in several special senses, one of which is the rock or group of rocks characteristic of a particular environment. For example we may speak of the turbidite facies meaning the kind of rock deposited by submarine turbidity currents: or the estuarine facies meaning a particular suite of rocks varying in some characters, but all exhibiting the peculiar characters of estuarine deposits. The term lithofacies specifies the physical and chemical characters of the rock of a particular range of evinronments. The term ‘biofacies’ specifies the biological assemblage of a particular range of environments. A particular marine lithofacies of one age within a limited area is generally accompanied by its own particular biolfacies. This is partly because many benthonic animals prefer to live on a particular type of sea-bottom — a hard bottom, sandy bottom, or mud bottom. But more generally it is because biofacies and lithofacies are both controlled by physical and chemical factors related to depth in the sea.

        

        

          
Dominant Physical Factors in Oceanic Environments

          
Conditions on the shallowest parts of present-day seas are strongly affected by local fatcors including the air temperature, the strength and direction of the prevailing wind, the physical and chemical nature of sediment supplied from the land, the distance from river mouths, the velocity of tidal and wave generated currents, and the morphology of the sea-bed. These produce local variations in the type of sea-bed and in the physical and chemical nature of the sea-water. As a result a number of widely different biofacies occur each with a localised though recurrent distribution. The associated lithofacies are equally variable. At the present time these variable shallow-water biofacies extend down to about 400-500 feet, although there is reason to believe that they did not extend so deeply during much of the Tertiary.

          
At greater depths the factors controlling the environment show much less variation from place to place. At a given depth physical and chemical conditions are relatively uniform and this results in relatively uniform biofacies and lithofacies. The main variations in



conditions take place vertically as the sea tends to be stratified with regard to temperature, salinity, oxygen content, and other chemical variables. In addition depth controls hydrostatic pressure and exerts a dominant influence on light intensity. Depth is therefore a master factor which gives rise to a series of biofacies, each being characteristic of a particular depth range.

          
Sunlight is the ultimate source of energy for all life in the sea as on the land. The limit of effective light penetration and hence of photosynthesis is thought to be about 500 feet in temperate seas (Holmes, 1957). The quantity of growing plants available to herbivorous animals must decline rapidly with increasing depth. A decrease in variety of animals and a radical change in the composition of faunas takes place between 500 and 1,000 feet, and is inferred to be related to the availability of living plant food. Biological communities from 0 to 500 feet includes photosynthesising plants, herbivores, carnivores, and scavengers; communities from 500 to 1,000 feet are probably transitional with decreasing numbers of photosynthesising plants and herbivores; communities below 1,000 feet probably include only scavengers and carnivores.

          
Temperature is an important physical factor affecting plant and animal distributions in every part of the ocean, and is possibly the most important factor in depths greater than 1,000 feet. Except locally in polar regions temperature decreases with increase in depth. At the same time temperature of the surface water generally decreases with increase in distance from the equator, but this horizontal temperature gradient may be locally reversed as a result of ocean currents. The deepest parts of the ocean have a uniform temperature from equator to polar regions of about 1-2° C. The vertical temperature gradient is steepest at the equator. It is much lower and may actually be reversed in polar seas. Isothermal surfaces in the oceans are thus generally inclined, dipping towards the equator: shallower isotherms are more steeply inclined than deeper isotherms. Furthermore, at any particular place temperatures gradually changed during the past, and the space-time pattern of temperature change is highly complex. Consequently paleoecological interpretation of a temperature controlled organism is difficult and requires a knowledge of either the depth at which the organism was living or the sea-level temperature where and when the organism was living. It is believed (cf. Natland, 1957) that distributions of many deep-water Foraminifera are controlled mainly by temperature and present-day biofacies occur in zones which tend to be bounded by isothermal surfaces and thus deepen towards the equator (Fig. 4).

          
Little is known of the direct effects of the hydrostatic pressure gradient on animal distributions, but at least a few Foraminifera appear to occur in restricted depth ranges while tolerating large temperature ranges. Such forms are of very great value for determining past depths, but not many are known because they are



detected only by ecological study over a large range of latitudes and ecological studies tend to be localised.

          
Carbon dioxide concentration is assumed to be related to temperature and hydrostatic pressure, and increases with depth. Below a certain depth the CO
2 concentration becomes sufficient to ensure that all forms of calcium carbonate (including shells of Foraminifera) are dissolved. This depth is referred to as the CaCO
3 solution boundary, and is about 15,000 feet off California, but may be shallower in polar regions. In the Ross Sea. Antarctica, from distributions of Foraminifera examined by the writer, there is a CaCO
3 solution boundary at about 1,400 feet. Certain animals


[image: Fig. 1: Conventional arbitrary depth divisions of the ocean floor, showing main changes with depth of sediments, physical and chemical factors, and animals represented as fossils.]
Fig. 1: Conventional arbitrary depth divisions of the ocean floor, showing main changes with depth of sediments, physical and chemical factors, and animals represented as fossils.


(e.g. a few species of Mollusca) are able to extract calcium carbonate for their shells from the water below the solution boundary, and live at very great depths in oceanic trenches. Foraminifera seem to to be unable to do so, and where the solution boundary is deep the ratio of calcareous to non-calcareous Foraminifera gradually





[image: Fig. 2: Depth distribution of main present-day groups of marine organisms represented as fossils, based mainly on data in the Annotated]
Fig. 2: Depth distribution of main present-day groups of marine organisms represented as fossils, based mainly on data in the Annotated





decreases with increasing depth to become nil at the solution boundary. Globigerina ooze does not accumulate below the solution boundary because the shells of pelagic Foraminifera falling from the surface are dissolved before they reach the bottom.

        

        

          
Conventional Names for Oceanic Depth-environments

          
The ocean floor has been divided according to arbitrarily chosen depths into five main depth environments — littoral (intertidal), neritic (continental shelf), bathyal (continental slope), abyssal (deep-sea-floor), and hadal (deep oceanic trenches). Figure 1 shows the conventional depth-environments, the physical factors affecting distribution of plants and animals, and the probable depth range of the main lithofacies occurring in New Zealand. The physical factors form a basic framework for the pattern of depth faunas which can be used for estimating depths of former seas.

        

        

          
Depth Distribution of Present-day Marine Organisms

          

            
Generalised Distribution of Main Taxa:

            
The most useful depth indicators are benthonic organisms. The planktonic Foraminifera and Radiolaria are also useful because they are essentially pelagic (inhabitants of the high seas) and their remains generally accumulate most abundantly in deep water.

            
The overall depth distributions of main benthonic marine taxa represented as fossils are shown in Figure 2. Most taxa have a large depth range, but all except the benthonic smaller Foraminifera are poorly represented in. and for paleoecological purposes are virtually absent from deeper waters. The abundance of species and specimens of most groups or organisms falls off rapidly below 500 feet, becoming very small by about 1.000 feet, suggesting that light intensity is the essential controlling factor for most organisms.

            
Benthonic smaller Foraminifera are most abundant between 500 and 1.000 feet (Bandy and Arnal. 1960) and presumably are mostly scavengers, their primary energy supply being organic material drifted down from above. They are well represented down to the CaCO
3 solution boundary.

            
Present-day faunas can thus be divided into two groups: An essentially shallow-water group, virtually absent below 1,000 feet, comprising all benthonic groups represented as fossils except the smaller Foraminifera, and an essentially depth tolerant group, comprising the benthonic smaller Foraminifera only. The best indication of depth down to 1.000 feet is the ratio of the number of species of the shallow-water group to the number of species of benthonic smaller Foraminifera (S/F). Approximate ratios are as follows:



	
Depth Range
	
S/F


	0-400 feet
	greater than 3/1-2/1


	400-600 feet
	2/1-1/1


	600-1,000 feet
	1/1-1/3



            


            
The decrease in the ratios with increase in depth is well established but statistical work on recent faunas is needed to determine ratios for each depth more accurately.

          

          

            
Mollusca in New Zealand:

            
Powell (1957) listed slightly over 2,000 species of Mollusca living in New Zealand with the depth range and geographic distribution known for each at the time of writing. Nearly all are littoral or neritic. What we know of deeper water Mollusca is due mainly to Dell (1956) who listed 595 species and subspecies from 48 stations (sampling positions) between 600 and 1,800 feet. Dell called this the achibenthic fauna of New Zealand. Only 165 species were recorded at 1.800 feet. Of these 27 are typical shallow water species found in deep water close to the continental shelf only, and are inferred to have been swept down from the shelf by vigorous currents. The typical 1,800-feet fauna thus includes 138 known species. Within it Dell distinguished three important elements:

            
(1) Species with a large bathymetric range, extending from shallow water down to 1.800 feet — 36 spp. (includes 
Ncilo australis, Nernocardium pulchellum and Scaphopoda which occur in the massive calcareous mudstone facies of the Pliocene in Wairarapa)

            
(2) Species occurring in shallow water (0-100 feet) at the Subantarctic Islands — 9 spp. These species are depth-tolerant but are apparently temperature-controlled.

            
(3) Species restricted to deep water — 93 spp., representing 71 genera. This group is distinctive and of prime importance for paleoecology. It includes 13 genera which occur in the Cenozoic and are useful bathymetric indicators. Ten of these — 
Pectunculina. Parvamussium. Manawatawhia, Pleia, Waipaoa. Teremelon, Mican-tapex. or the 
murdochi group. 
Comitas of the 
fusiformis group. 
Scaphander, and 
Planipyrgiscus — have no known shallow-water species. The other three — 
Galeodea, Ellecea. and 
Iredalina — are known only rarely above 600 feet. Dell included in his list of archibenthic Mollusca 14 species recorded from 4.000 feet most occurring at one station collected by the ‘ Challenger ’ Expedition, and 3 species from 6.600 feet at another station collected by the ‘ Challenger ’ Expedition. Seven of these species are also recorded from 1.800 feet or less.

            
Apart from the rapid decrease in number of species with increasing depth between 500 and 1.000 feet (Fig. 3). shells tend to become smaller and thinner. The absolute depth range of individual species, and the geographic range of genera tend to become larger. A large proportion of the genera represented at 1,800 feet are not endemic to New Zealand.

            
Figure 3 is based on New Zealand occurrences down ot the depth of 6,600 feet. The number of species in hadal depths is filled in from data given for the Kermadec Trench by Bruun (1957).

            


            
Data on the number of species on a typical fauna of any particular depth has not been analysed. It is assumed that the number of species at any place will show approximately the same relationship to depth as the total New Zealand fauna, and experience with fossil depth-biofacies supports this assumption.

            

              

[image: Fig. 3: Graph showing number of species of Mollusca at different depths in New Zealand seas down to about 6,000 feet, and in the Kermadsc Trench at hadal depths. Main curve generalised.]
Fig. 3: Graph showing number of species of Mollusca at different depths in New Zealand seas down to about 6,000 feet, and in the Kermadsc Trench at hadal depths. Main curve generalised.


            

            
Deep-water Mollusca of the New Zealand Tertiary are comparatively little known. They are generally rare and poorly preserved and have been neglected by paleontologists in favour of neritic fossils which are at many places abundant and well preserved. They offer a fertile and undeveloped field of research as they promise to be the most reliable indicators for depths between 1.000 and 2.000 feet. Sediments deposited within this depth range form a large volume of New Zealand Tertiary rocks.

          

          


          

            
Echinoidea in New Zealand:

            
Of the genera of Echinoidea which occur in the New Zealand Tertiary, a number are still represented in Recent seas, either in New Zealand itself or; in the case of the warm-water genera which no longer occur here, in north-eastern Australian waters.

            

Goniocidaris ranges the outer part of the shelf, apparently on both hard and soft bottom, but the slender-spined species also enter the archibenthal fauna. 
Ogmocidaris is at present unknown from the Tertiary, but it may be expected to occur in the deeper-water facies of the Castlecliffian; it appears to be mainly archibenthal. Of the genera now extinct in New Zealand, notable cidarids are 
Phyllacanthus and 
Eucidaris: both are indicative of shallow-water hard-bottom, especially the outer parts of reefs including coral reefs), in waters not cooler than those of Norfolk Island and the Kermadecs.

            
Of the other regular genera. 
Pseudechinus is the only important one in the Tertiary: most species prefer hard bottom, on the outer two-thirds of the shelf (30 to 100 fathoms), though dead immature tests are constantly encountered in muds. Similar immature tests are common in the Castlecliffian. and are thought to indicate specimens which have been overcome by muds, whilst originally living on some temporary hard-bottom, such as shell-beds would provide. One species which occurs in the Castlecliffian. 
P. flemingi. is otherwise known only as living specimens in about 30 to 300 fathoms, east of the South Island: this is evidently a deeper-ranging form than the other members of the genus. 
Evechinus chloroticus is a eurythermal. strictly littoral speices. ranging at present from the Kermadecs to Stewart Island: typical of reefs and rock-platforms in the extant fauna, it occurs fossil in the same inferred facies in the Nukumaruan.

            
Of the irregular genera, all indicate a moderately soft bottom such as shell-grit), and most require a mud. or sandy mud. bottom. The commonest is 
Echinocardium, which tolerates all depths. The sand-dollars inhabit shallow water on the upper part of the shelf, below low-tide, resting on sand or sandy mud. Other genera, such as 
Brissopsis and 
Spatangus. among the heart-urchins, are soft-bottom indicators, occupying most of the shelf: they avoid rough water, and do not come into the uppermost 10 fathoms or so. but may extend well into the archibenthal zone.

            
Summaries of data referring to the bottom ecology of extant and fossil echinoderms in New Zealand will be found in Fell 1952, pp. 3-4: 1954 (
passim); 1958 (complete checklists for species occurring in the ranges 1.000 fathoms or deeper. 300-1.000 fathoms, and 100-300 fathoms).

          

          


          

            
Foraminifera:

            
The only account of distributions of Recent Foraminifera in New Zealand (Vella. 1957) describes faunas from 0 to 1.500 feet in Cook Strait. There strong bottom currents have transported shallow-water shells into deeper waters, and only the upper limit of the depth range of each species is useful for paleoecology. Data from ecological studies carried out in other parts of the world must be used with caution for two reasons: In the first place there is good evidence that many Foraminifera are depth-tolerant but temperature-restricted, and have different depth ranges in different parts of the world. In the second place many Foraminiferal species have few distinguishing characters and there may be more homeomorphs than we now realise. Homeomorphs are different species which are morphologically similar and therefore difficult to distinguish. For example, a form called 
Pullenia bulloides is characteristic of abyssal depths off the coast of California, while a form with a similar shell known by the same name occurs in quite shallow water in New Zealand. Hitherto pafeontologists have recognised homeomorphs of different ages (heterochronous): it may also be necessary for ecologists to recognise homeomorphs of different depths (hetrobathyal).

            
In the United States use of fossil Foraminifera by oil companies has stimulated all phases of research on Foraminifera. including their ecology. The Gulf of Mexico and the coast of California are probably the most throughly examined areas in the world. The biofacies distinguished off the west coast of the North American continent from Alaska to Panama, summarised by Natland (1957. pp. 554-8). give a good idea of faunal variation with depth and with latitude (Fig. 4).

            
Biofacies I. that of lagoons and estuaries, includes only species capable of tolerating a large range of temperatures and shows no significant change with latitude. Biofacies 2 — intertidal and near-shore (upper neritic) — includes a greater number of species, all of which are capable of tolerating a moderate range of temperatures: this biofacies also shows little change with latitude. Biofacies 3 — 125-900 feet — is divided into sub-facies 3A and 3B: light penetration seems to be the depth-controlling factor: the boundary between the sub-biofacies 3A and 3B is a latitude, and the difference between them is due to temperature difference. The five depth biofacies from 900 to 15.000 feet (the CaCO
3 solution boundary)

            
are controlled by temperature, their boundaries corresponding to isothermal surfaces. The depth ranges of biofacies increase approximately logarithmically with increasing depth.

            
The value of pelagic (planktonic) Foraminifera for depth determintation has been a controversial subject, and is still contested by some micropaleontologists. The number of pelagic Foraminifera living in the surface water generally increases with distance from the



shore, and as depth generally increases with the distance from the shore there is usually a relationship between depth and the number of shells of pelagic Foraminifera falling to the bottom. Pelagic oozes (including Globerina ooze) as their names indicates, are essentially restricted to the deep sea floor. The number of shells of pelagic Foraminifera falling to the bottom generally decreases towards land becoming very small near the shore. Pelagic shells may accumulate abundantly near the shore in two kinds of exceptional circumstances. Phleger (1960) notes that they may be abundant along coasts where the run-off of fresh water is extremely low. thus suggesting that the pelagic Foraminifera are sensitive to a slight decrease in salinity: it is unlikely that run-off from New Zealand was low at any time during the Cenozoic. On high run-off coasts on-shore winds may periodically blow pelagic water masses towards the shore causing local abundant accumulations of pelagic shells in shallow water and this may well have happened on former westward continental shelves of New Zealand.

            
Abundance of pelagic Foraminifera is expressed as the percentage of pelagic foraminiferal shells (%P) in the total number of foraminiferal shells, benthonic and pelagic. The number of pelagics increases fairly regularly from 0% in the littoral biofacies to 90% or more in Globigerina ooze on the deep sea floor.

            
Phleger (1960) described seven generally applicable foraminiferal depth biofacies (Fig. 5). using the following ‘Population characteristics : (1) Number of benthonic species. (2) Number of benthonic genera. (3) Percentage of arenaceous specimens. (4) Characteristic benthonic genera. (5) Percentage of pelagic shells. (6) Other features.

            
Phleger's depth biofacies are defined in much more general terms than those of Natland. They are more useful to us than Natland's because they are controlled solely by depth: they can be recognised in the New Zealand Cenozoic. but are not as reliable for depth determination as biofacies based on total fossil faunas.

          

          

            
Depth Restricted Groups of Benthonic Smaller Foraminifera:

            
The following groups of benthonic smaller Foraminifera are restricted in depth range except for a few species, and appear to have been restricted to the same depth range throughout the Cenozoic.

            

Miliolidae: Most genera are restricted to above 400 feet. Some genera, for example 
Biloculina. are locally abundant between 400 and 1.000 feet. Only a few species live or lived in deeper water, probable Tertiary examples being 
Sigmoilopsis schlumbergeri and 
Praemassilina tenuis.

            
Nonionidae
: Mostly restricted to above 1.000 feet. 
Pseudononion parri is dominant in the intertidal zone, but is infrequent in deeper water. 
Astrnnonion novozealandicum. from its Tertiary distribution.





[image: Fig. 4: Diagram to show foraminiferal biofacies from Alaska to Panama in relation to depth and temperature; constructed from data summarised by Natland (1957). Slope of isotherms diagrammatic.]
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appears to have been restricted to intertidal and nearshore environments but other species of 
Astrononion occurred down to about 1.000 feet.

            

Elphididae: Large ornate species of 
Elphidium are restricted to intertidal and nearshore environments. 
Elphidium charlottensis and related Cenozoic forms appear to have occurred down to about 1.000 feet. 
Elphidium is not as common in New Zealand as elsewhere, being largely replaced in both Recent and Cenozoic faunas by 
Notorotalia. Notorotalia depressa and inornata are essentially intertidal. Other large species are restricted to depths less than 400 feet. 
Notorotalia finlayi occurs abundantly in estuaries and in the open sea from O to about 1.000 feet. 
Notorotalia taranakia occurs from about 1.000 feet down to an undetermined depth. Corresponding Cenozoic species occur in the same order relative to the shore-line, and probably lived in similar depths.

            

Rotaliidae: The genus 
Streblus is abundant in estuaries in New Zealand and other parts of the world.

            

Discorbidae: This family includes a host of genera and species From Tertiary occurrences most appear to have lived in less than 400 feet.

            


            

Planispiral Lagenidae: Many species occur between 1.000 and 2,000 feet (Brady. 1833). 
Robulus calcar seems to be the only species which occurs abundantly in late Cenozoic sediments containing abundant macrofossils, and is probably limited to depths less than 1.000 feet. Most species of 
Robulus, Lenticulina, and 
Sarecenaria are abundant in massive calcareous mudstone with rare Mollusca such as 
Neilo, Parvamussium, etc. They define the Robulus biofacies which is considered to indicate depths between 1.000 and 2.000 feet.

            

Lituolidae: 
Cyclammina cancellata and a large 
Haplophragmoides are common in New Zealand Tertiary calcareous mudstones without macrofossils. Phleger (1960) noted that 
Cyclammina cancellata is common in Tertiary mudstones (presumably in the United States). 
C. Cancellata now lives deeper than 6.000 feet (Akers. 1954) and is probably a good world-wide deep water indicator.

          

        

        

          
Paleoecological Method

          

            
A simple method of depth determination which may be called depth range analysis ‘makes direct use of depth ranges of Recent species that occur as fossils or are closely related to fossil species. This method works fairly well for Pleistocene and perhaps Pliocene faunas, but is ineffective for older faunas because of their small number of Recent species. Other limitations are that some Recent species have different depth ranges at different places, that closely related Recent species commonly have different depth ranges, and that until depths of past faunas are determined we have no means of knowing whether any particular species has maintained the same depth range with time.

            
Bandy (1956. pp. 189-191). working in Miocene and Pliocene sediments of Florida, estimated water temperatures from fossil benthonic Foraminifera, and scaled off depths from the present day bathythermal gradient in the adjacent north-eastern part of the Gulf of Mexico. This method is subject to the same kinds of limitations as the depth range analysis method, and is further complicated by the decrease in sea-level temperatures which took place all over the world in the late Tertiary, and which Bandy did not take into account.

            
The method suggested here is carried out in three stages: First, determine biofacies: second, determine the order of relative depth of the biofacies: third, attempt to determine absolute depth range of each biofacies by comparison with present day biofacies.

          

          

            
Determination of Fossil Biofacies and Their Depth Order:

            
Biofacies are simply natural biological assemblages distinguishable by taxonomic content from other natural biological assemblages. The biofacies may be defined by either the total or part of the



total biological assemblage. All fossil biofacies are only partial assemblages, and even these may be defined by reference to only one taxonomic group — say Foraminifera, or Mollusca. They are recognised by noting consistent associations of species or other taxa. Generally innumerable biofacies can be recognised in extensive fossiliferous rocks and the paleoecologist must sort out the significant associations by experience.

            
Two methods are available for determining the depth order of fossil biofacies — that is the relative depth represented by each — without reference to present-day biofacies: (1) by considering the change of biofacies with distance at one time; (2) by considering the change of biofacies with time at one place.

            
The first method is ideally the same as that used for present-day ecology. but in practice is limited by the difficulty of precise dating. Unless redeposited the fossils in lateral geological sections (sections exposing rocks representing one time) have approximately their original aerial distributions, except where they are displaced by transcurrent faults. The faunal changes in the section can be mapped, and the position of the shore-line and direction of deepening can usually be determined fairly easily.
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Fig. 6: Chart showing main features of biofacies in the Pliocene of Wairarapa, New Zealand (modified from Vella, 1962).


            

            


            
The second method of determining the depth order of fossil biofacies may be limited by difficulty in separating the faunal changes which are due to depth change form those irreversible faunal changes which are due to evolution and ante-Pleistocene cooling (cf. Vella. 1962. Fig. I). At various times during the Tertiary large areas of land in the New Zealand region dropped down very rapidly to become deep-water basins. First, shallow-water, then progressively deeper-water facies were deposited. Many Tertiary basins deepened so rapidly that shallow to deep transitions are represented within one stage. As the stage is generally the smallest time division that can be recognised time-controlled faunal changes are non-existent or negligible in these sections.

            
In Wairarapa many well-exposed vertical sections through the Hurupi Formation and overlying sediments (Upper Miocene) show progressive facies changes due to progressive deepening (Vella. 1954). The Hurupi Formation tests uncomformably on older rocks and its deposition commenced as the sea transgressed over an area that was previously land. The genevalised sequence with oldest rocks at the bottoms is as follows:



	
	
Thickness


	Massive blue-grey calcareous mudstone with rare macrofossils grading down to
	2.000 ft.


	Massive blue-grey muddy sandstone with abundant scattered macrolossils grading down to
	c500 ft.


	Well-bedded, well-sorted sandstones with shell-beds — many kinds of macrofossils
	c300 ft.


	Basal Conglomerate
	c2 ft.


	Angular unconformity: erosion surface on Mesozoic greywacke.
	



            
The basal conglomerate, at some places barren of fossils, at others containing broken shells, is the littoral facies of the advancing sea. The well-bedded sandstone with shell-beds is the inner neritic facies deposited in shallow water just off-shore. The massive muddy sandstone and massive calcareous mudstone represent successively greater depths. There is considerable difference of opinion as to the absolute depths represented by all except the littoral facies.

            
Generalised descriptions of the faunas of each facies are as follows:

            

Basal Conglomerate: Fauna not known.

            

Shell-beds in well-bedded sandstone; Abundant Mollusca including Pelecypoda. Gastropoda, Scaphopoda. and a Nautiloid. rare Brachiopoda, locally abundant Scleractinian corals, fragments of Echinoidea. abundant Cirrepedia, locally abundant Bryozoa. abundant Ostracoda. relatively infrequent benthonic Foraminifera



But locally abundant 
Notorolalia and Elphidium, rare pelagic Foraminifera. The dominant fossil is generally the thick-shelled gastropod 
Callusaria callosa. No other facies contains so many phyla or so many species.

            

Massive muddy sandstone: Abundant Pelecypoda, gastropoda, and Scaphopoda, moderately abundant benthonic Foraminifera. infrequent pelagic Foraminifera. and rare Ostracoda. Dominant molluscs in the shallower phase are 
Cucullaea n. sp., 
Dosinia cottoni, Kuia macdowelli. and 
Marama hurupiensis, and in the deeper phase are 
Limposis lawsi and many species of Turridae.

            

Massive calcareous mudstone: Rare Mollusca. mainly small and delicate gastropoda, and thin-shelled Pelecypoda such as 
Neilo, Myrtea and 
Parvamussium: abundant benthonic and pelagic Foraminifera. the pelagic percentage increasing upwards from about 30 to about 90%.

            
A similar but more complete series of biofacies determined for the Pliocene in northern Wairarapa (Vella. 1962) is shown in Fig. 6. This series was determined during the examination of some hundreds of fossil faunas, mainly microfaunas, from a large area, and is based on many vertical and many lateral sections.

          

          

            
Estimation of Depths Represented by Fossil Biofacies:

            
Estimation of the absolute depth range of each fossil biofacies is a process of faunal matching akin to age-correlation, and may be called depth-correlation. Faunas of several different consecutive ages are always easier to age-correlate than an isolated fauna. Similarly faunas of several different consecutive depths are easier to depth-correlate than an isolated fauna. Depth correlation is easiest when a complete series of depth biofacies for a particular age is available. Depth correlation of the Wairarapa Upper Miocene (Hurupi Formation and overlying sediments) and Pliocene facies is shown in Fig. 7 together with some important isolated facies in the early Tertiary.

            
In each of the upper four biofacies of the Pliocene about 90% of the genera and 70% of the species of Foraminifera are the same as in equivalent present-day biofacies. When the possibility of transportation of shells from shallow to deep water is allowed for Foraminiferal index genera are useful. Not enough is known about Foraminifera deeper than 1.000 feet in present-day New Zealand seas to allow a comparison to be drawn with equivalent Pliocene faunas.

            
The shallower Upper Miocene biofacies contain many different genera (such as the Mollusca 
Cuculaea and 
Conospirus and the Foraminifer 
Amphistegina) due to the sea-level temperatures being appreciably warmer than at present. Deeper Upper Miocene biofacies are generally similar to deeper Pliocene and present-day biofacies.

            


            

              

[image: Fig. 7: Depth correlation of various New Zealand Conoxoic sedimentary facies and biofacies with present-day biofacies.]
Fig. 7: Depth correlation of various New Zealand Conoxoic sedimentary facies and biofacies with present-day biofacies.


            

            


            
Lower Miocene shallow water biofacies are markedly different, including reef building calcareous algae, locally reef building corals, and larger benthonic Foraminifera, because sea-level temperatures at the time ranged from subtropical in the south to tropical in the north.

            
Pelagic biofacies are best represented in the early Tertiary. The Amuri Limestone is white, fine-grained, locally muddy and locally highly siliceous, ranges in age from Paleocene to lower Oligocene, and extends from northern Canterbury through Marlborough to Southern Wairarapa. Thin sections generally show abundant globigerinid shells, and siliceous phases contain many Radiolaria. As pointed out long ago by Marshal (1916) the Amuri Limestone is a fossil Globigerina ooze, and the siliceous phases probably were deposited near the CaCO solution boundary and are transitional to Radiolarian ooze. The siliceous phases are mostly Paleocene in age; surface temperatures at the time may have been subglacial (Squires, 1957, Fig. 5). and the solution boundary may not have been as deep as 15,000 feet.

            
Bands of red clay up to 20 feet thick occur in red and green mottled fine-grained mudstones (‘ bentonite ’) of Paleocene age in Raukumara Peninsula. The red clay contains entirely non-calcareous microfaunas including Radiolaria and siliceous and arenaceous Foraminifera. The association of red clay with siliceous faunas is known at present on only the deepest parts of the ocean floors.

          

        

        

          
Conclusion

          
In New Zealand during each stage of the Cenozoic, sediments were deposited in a large range of depths. Broad depth divisions can be differentiated in them without a detailed knowledge of the depth distributions of present-day organisms. Depth divisions are defined essentially by biofacies, though lithofacies are also useful depth indicators. Fossil biofacies should be determined from the spacetime distribution of fossil species without reference to present-day biofacies. Methods of recognising fossil biofacies are described by Imbrie (1955).

          
At this stage fossil biofacies for each age can be placed in order of increasing depth, and can be used as indicators of relative depth in the same way that fossil zones are used as indicators of relative ages. Relative depth determinations can be extremely useful to the geologist for paleogeographic reconstruction, and for determining some kinds of tectonic events. In the light they may shed on faunal succession they may prove to be of considerable value to the ecologist.

          
Once fossil biofacies are defined absolute depth determination may be attempted by depth-correlation with prsent-day biofacies.



Absolute depths are better determined from total fossil biofacies than from single taxonomic units, such as Mollus or Foraminifera within the fossil biofacies. They can not yet be determined with great precision, and consequently it is essential that fossil biofacies be defined and name as distinct units from present-day biofacies. To this may be applied the principles and rules already laid down for defining and naming fossil (biostratigraphic) zones.

          
Two neglected lines of research needed for depth determination in the New Zealand Tertiary are studies of distribution of Recent Foraminifera in New Zealand, and taxonomic studies of Tertiary deep-water Mollusca.
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Flora of New Zealand, Volume I
        

        
By 
H. H. Allan. Government Printer, liv + 1085 pp. $5 5s.

        

Much work has been done on the plants of New Zealand in the third of a century that has elapsed since the second edition of Cheeseman's Manual appeared. As the results of this work are scattered through many periodicals in several languages, it was becoming increasingly difficult to work with any confidence on the taxonomy or distribution of the plants of these islands. With the issue last year of volume 1 of Allan's Flora, this work and much more original research has been collected together and assessed. Further work on these aspects of botany has been given a newlease of life.

        
New Zealand may take justifiable pride in this excellently produced volume, and all its users should feel gratitude to Dr. Allan for his patient work, and also to the many botanists associated with him. A particular debt is owed to Miss 
Lucy Moore who collaborated with Dr. Allan for many years and upon whom fell the task of completing the manuscript after Dr. Allan's death, more than three years before publication, and who finally prepared the book for the press.

        


        
This treatment of the plants of New Zealand compares favourably with the major floras of the world. Its high standard is due to two main factors. Firstly, a clear and uniform plan was adopted on which to model the account of each group and was then adhered to rigorously. Secondly, the all importance of accuracy of detail has never been lost sight of. This applies not only to the descriptions of plant characters and distributions, but also to the niceties of nomenclature. The inclusion of a reference to the type specimen illustrates both these points. Many floras do not include this feature, but it has been the failure to refer to the type so often in the past which has resulted in the uncertain application of so many names.

        
But the most pleasing feature of the book is that it does not limit itself to the information normally expected in a flora. It is an invaluable book of reference to New Zealand botany. This is partly due to the introductory sections, particularly the chronological list of research papers, but mainly to the inclusion of notes in small type at whatever point they seem appropriate. One has only to look at the pages following the systematic treatment of 
Coprosma to realise how much these notes enrich the book. They are not only informative, but should stimulate the imagination of students by repeatedly drawing attention to problems requiring investigation.

        
No flora can be regarded as final, and difficulties which have not been completely resolved are frankly stated. Anyone using the book therefore feels generally confident in the soundness of the decisions which had to be taken on nearly every page. The confidence is greatly strengthened when he finds how much light has been shed on such difficult groups as 
Myosotis, and the 
Hebe complex.

        
Many users on first handling the book remark unfavourably on the very thin paper. It must be admitted that the constant effort to separate these pages can become exasperating, but I believe an impossibly thick volume would have been a greater evil. Once we have become used to the new method of presentation of information on distribution by reference to degrees of latitude, we shall probably prefer it to the descriptive method used by Cheeseman. But South Island botanists at least will miss any regular indication of east to west distribution which is often quite as distinctive as northern and southern limits.

        
The order in which the families are arranged is perhaps a matter of slight importance, though it is fortunate that, if Hutchinson's order had to be used, his second and more revolutionary scheme was published too late for use in this volume. However, some departures from more usual sequences are not explained. For example, the Lobeliaceae are separated from the Campanulaceae by two small families, and the Cornaceae stand between the Araliaceae and the Umbelliferae.

        
The key to the families of Dicotyledons will be of use to students who have realised that every taxonomist must be self-taught.



It is admittedly an artificial key and most characters used are clear-cut and practical. It is all the more unfortunate that the first pair of characters in the key is quite unrealistic. Except for stem parasites, to answer this question, every plant considered (including forest trees) would have to be dug up and its roots carefully examined. The same criticism applies to the key to genera. It is doubtful how useful this second key will prove to be. A beginner should use the key to families and then determine the genus by means of the keys that are given under each family, while a more experienced worker, when faced with a plant of unknown genus, should go straight to the few families which he considers possible.

        
The choice of generic limits must remain a matter of convenience into which the personal element will enter. In large families artificial generic limits are often useful and the treatment of the Compositae has been conservative in this respect. The several inter-generic hybrids known among the New Zealand Gnaphaleae suggest that 
Raoulia. Helichrysum, Leucogenes, and 
Ewartia are doubtfully distinct. This cautious treatment has not been applied uniformly. The generic limits in the Araliaceae seem less clear now than formerly. 
Stilbocarpa formed a group uniform in habit and distribution, and sharply divided from its relatives. The separation of 
Kirkophytum would be justified if some clear differences were present, but the shape of the fruit apex appears very similar in all the plants concerned. In separating 
Neopanax (a new name for 
Nothopanax) from 
Pseudopanax Dr. Allan still relies on the number of the loculi, but has manipulated the division so that 
Pseudopanax includes 
P. lineare. This is an improvement on the arrangement in Cheeseman. To achieve this, however, he has been obliged to transfer 
Nothopanax edgerleyi to 
Pseudopanax away from its close relative 
N. simplex. Unless some other basis for separating these two genera can be found, it would be safer to treat them as one group under the name 
Pseudopanax. In any event the statement that 
Neopanax is endemic overlooks the Chinese plants currently regarded as species of 
Nothopanax.

        
There is one feature which is an exception to the general consistency of the book. Whenever a variety is recognised within a species it is advisable for the remaining section of the species also to be treated as a variety. This avoids confusion by providing names for both portions of the species while leaving the specific name to be used for the group of varieties as a whole. This practice is often adopted, as in 
Coprosma propinqua, but it is often neglected as in the preceding species. 
Coprosma parviflora.

        
The overall impression left after using this work is that for most groups progress has been pushed as far as possible by traditional taxonomic methods. Here as last we have a foundation upon which individual workers can confidently build detailed studies of small



groups. Now that Dr. Allan's work has been published, further progress in the understanding of the Dicotyledons of New Zealand will rarely be made without the experimental approach, as is so often stressed in this flora. The eagerness with which the volume on the Monocotyledons is awaited is a measure of our satisfaction with this first volume. Some amateur botanists may be intimidated by the austere presentation that any flora demands, but they should realise that books which attempt to make things easy as often as not lead their users into unsuspected difficulties.
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          New Zealand Marine Provinces — Do They Exist?
        

        
by 
R. K. Dell


Dominion Museum, Wellington

        

          

The marine biological provinces used in one form or another by most workers in New Zealand were originally based upon the distribution of mollusca. At the present time, when there is renewed interest in the distribution of marine animals, attempts are being made to adapt the molluscan provinces to fit other groups, without full realisation that the bases for such provinces have never been fully analysed. In a recent issue of this journal (
Tuatara 9 (1), 1961 Powell has traced the development of the provinces and commented upon characteristic forms for each province.

          
The writer believes that if these provinces have any precise boundaries this has never been adequately demonstrated. It seems proper to put forward the following ideas at this time to show that not all workers on New Zealand mollusca accept the classical provincial divisions. These personal ideas have been developed over some fifteen years, while an immense quantity of distributional records have been accumulated. These records have not yet been finally analysed but the general trends crystallising from this study are here presented as a basis for discussion and criticism. Many of the distributional records have not yet been published but the writer's ideas have been freely expressed in discussion.

          


          
Before discussing distribution patterns themselves there are several general points which must be clarified. First and foremost, if we are going to use provinces we should be quite clear in our minds as to what we envisage as a province, what methods we should use in defining them, what is likely to happen at boundaries between provinces, and perhaps what use they can be expected to serve when we have completed what will certainly be a laborious analysis. Division of the faunal regions of the world into provinces must be based upon the belief, whether it is expressed or not, that within a region more than one set of fairly sharply differentiated physical, hydrological or historical factors must operate, or have operated, and that a majority of organisms of various groups must be similarly affected by such factors. The geographical ranges of these organisms should be so governed by such factors that the end-points of all their ranges will fall about the same point or within a relatively restricted area. This faunal boundary should be correlated with a physical, a hydrological, a historical or some other boundary. If such boundaries cannot be shown to exist, it seems doubtful if the provinces themselves exist.

          
Mere physical distance does not seem sufficient grounds for subdivision, providing there is continuity of habitat and an elongated coastline showing little change other than a gradual temperature gradient will show only a gradual faunal change providing no other major factors come into play. The enormous area covered by the Indo-Pacific shallow water marine fauna is sufficient evidence that distance in itself is not sufficient to create major marine provinces.

          
In a number of cases where detailed analyses of the distribution of organisms has been undertaken within regions it has proved exceedingly difficult to find or define boundaries acceptable to all workers. On the West Coast of North America two separate attempts to analyse the distribution of mollusca gave two widely variant results. Schenck and Keen (1936) analysed the distribution of the mid-points of ranges for some 1.948 molluscs as a basis for subdivision. The obvious areas where a large number of mid-points occurred were taken to represent the centres of the faunal provinces. Newell (1948) analysed the same data but used rate of change of fauna as the method for detecting faunal breaks and produced a very different result. The boundary areas on the two different schemes were:



	
Schenck And Keen
	
Newell


	62° - 58° N.
	72° N.


	
	56° N.


	48° -42° N.
	34½° N.


	23° N.
	23° N.



          
Considering the number of writers who have discussed provinces, the number of definitions of a province are surprisingly few, and



those few are very general. Woodward (1856, p. 349) in a pioneer subdivision of the world into molluscan provinces stated: ‘ In order to constitute a distinct province it is considered necessary that at least 
one-half the species should be peculiar.’ Schenck and Keen (1936, p. 923) have two statements which clarify their concept of a province. ‘ A marine molluscan province is a subdivision of a region, sub-region, or realm, populated by a distinctive assemblage of species; and, ‘A province has at its center a high percentage of species with restricted ranges: the periphery on the contrary, is marked by species of wide distribution. The size of a province being variable, its limits are best defined by statistical means.’ Newell disagreed violently with this latter concept and showed that the provinces outlined by Schenck and Keen were at variance with those used by other workers. Powell (1961) has recently stated,

          
‘A province may be defined as an area within a faunal region that exhibits a marked percentage of endemism.’ The concept of a province has been used in a very different sense to the above. For example Schmidt (1954, p. 328) in a general consideration of faunal realism, regions and provinces used the term ‘province’ for a very much wider biogeographic unit, his New Zealandian Province being contrasted with Oceanic and Antarctic provinces.

          
It is obvious from a consideration of the above definitions that apart from Woodward no worker has put forward objective criteria by which provinces may be recognised. The criteria accepted by other workers must therefore be decided from a consideration of their actions.

          
Powell (1961) has traced the historical development of the New Zealand molluscan provinces but it must be stressed that the provincial boundaries have changed considerably since Finlay in 1925 first formulated the basic pattern. The changes especially in the southern boundary of the Aupourian which are well described in Powell's paper are of such magnitude that the original evidence for each province is no longer applicable. The scheme currently accepted by Powell cannot in fact be based upon any recent analysis of molluscan distribution. Indeed information published on the distribution of marine mollusca to date is remarkably sketchy. Of the local checklists available only two cover the complete areas of provinces: that for the Antipodean (= Rossian) (Powell, 1955) and that for the Moriorian (Dell. 1960). For the rest of the New Zealand region the checklists available are:—

        

        

          
Aupourian

          
Powell (1940) published a list of the mollusca of the Aupourian Province, the boundaries then accepted being Ahipara on the west coast and Whangaroa on the east coast. Many additional records have been published but these 
in toto cover only the northern extremity of the province as now defined.

        

        


        

          
Cookian

          
No lists are available.

        

        

          
Forsterian

          
Powell (1939) published a list of the mollusca of Stewart Island. There have been many subsequent additions, most of which have been published. Fleming (1950) presented a list of the mollusca of the fiords of western Southland based on material from Preservation Inlet, and Chalky, Dusky, Breaksea, Daggs. Doubtful and George Sounds, plus earlier collected material from Milford Sound to Puysegur Point. Numerous species have since been collected. Powell (1955) recorded all the species known from the Snares. These three lists combined do not cover completely the area usually incorporated in the Forsterian Province.

          
The actual length of the mainland coast covered even by lists of this type and vintage is thus comparatively small and no faunal records of this sort are available for any of the mainland boundary areas. The extremities are well documented and the differences are so much the more marked. Such lists as are available are complete lists of all mollusca known regardless of depth or habitat. Thus intertidal shelf and deep water forms are listed alongside pelagic species and are included in most analyses and comparisons based upon them. Any division into provinces must therefore be largely arbitrary, based upon individual knowledge of ranges and individual assessment of various forms as the most valuable ‘characteristic’ species. The steadily southward movement of the boundary between the Aupourian and the Cookian and the change in the list of species considered characteristic of the Aupourian represent therefore changes of opinion as well as increased knowledge.

          
The difficulties involved in listing typical forms for the various provinces may be demonstrated by considering some of the examples recently quoted by Powell (1961, pp. 4-8). In discussing the Aupourian Powell lists a number of East Australian forms which occur in the north of New Zealand. Quite a large number of such forms occur in the north but individual species have very different southern boundaries and some have very restricted ranges. It hardly seems justified to claim as typical Aupourian forms species which occur only in the extreme north of the Northland peninsula. Others range much more widely, such a species as 
Xenophalium pyrum reaching as far south as Kaikoura while the crab 
Lyreidus occurs in Cook Strait. Of the ‘characteristic elements: of the Aupourian, 
Xenophora neozelanica and 
Tonna haurakiensis range at least as far south as Wanganui on the west coast. 
Gomphina, Alcithoe depressa



and 
Venericardia reinga have very restricted ranges in the far north of the North Island, while the heart urchin 
Brissus gigas and the brachiopod 
Terebratella haurakiensis as well as Tonna and Xenophora are shelf species. The distribution of shelf species will be discussed briefly later but patterns on the shelf do not appear to be similar to the distribution patterns of intertidal and shallow water species.

          
Four species only are quoted as ‘characteristic Cookian stenozonals’. Of these 
Penion ormesi is a shelf form and the distribution of 
Cellana denticulata will be discussed later.

          
There is therefore relatively little evidence for the existence of characteristic species of Aupourian or Cookian Provinces or for species whose ranges terminate at, or near, East Cape, the boundary between the Aupourian and the Cookian.

          
One of the dangers inherent in the use of provinces is that a species tends to become fixed in a worker's mind, as typical of the province from which it is first described. Subsequent discovery in another province is then often interpreted as demonstrating faunal influences. Thus Powell (1961, p. 4) cites 
Fusitriton laudandus as a Forsterian form occurring in the Aupourian, refers to northern occurrences of 
Cellana denticulata as ‘extra limital’, and again (p. 5) discusses the Cookian occurrences of warm-water genera such as 
Galeodea triganceae and 
Ranella multinodosa and (p. 6) interprets the occurrence of 
Neothyris lenticularis off East Cape as a possible survival of anotherwise restricted Forsterian element.

          
The writer has recently shown (Dell, 1956) that 
Fusitriton laudandus and Galeodea triganceae are typical archibenthal species wherever the archibenthal has been adequately sampled and it is very probable that the occurrence of odd shells of 
Fusitriton in the north is due to invasion of the shelf from the archibenthal. The occurrance of 
Galeodea on the shelf south of Banks Peninsula is mirrored by the occurrence of many such archibenthal forms on the shelf in this area.

          

Cellana denticulata is a common limpet north of Kaikoura and although sporadic in occurrence north of East Cape, it may be locally quite common as far north as the Three Kings. If full analysis had preceded the creation of provinces, this species would be treated as typical of the east coast from Kaikoura to East Cape and on headlands and off-shore islands through the east coast of the North Island. Similarly 
Neothyris lenticularis, which is also quite common in Cook Strait, would be considered to range from Stewart Island to East Cape and not to be a typical Forsterian form. In like fashion 
Ranella would be accepted as being just as typical of the Otago shelf as it is of the east Wellington shelf and the Bay of Plenty.

          
Mention has been made of the fact that distribution patterns of shelf species are rather different from those shown by intertidal and



shallow water forms. A few examples are given below for some characteristic shelf genera, mainly for the east coast from Coromandel to the Otago Peninsula since so much detailed evidence is now available for this area.

          
The large siphon-whelk genus 
Penion has some fifteen species recorded from New Zealand waters. A complex of forms occurs in the Bay of Plenty but 
P. adusta is undoubtedly the dominant shelf species in one form or another extending as far south as Hawrkes Bay. From Castlepoint to Banks Peninsula 
adusta is replaced by 
P. ormesi while from Banks Peninsula to Foveaux Strait 
P. fairfieldae is represented. Other species are found in the area under consideration. Thus 
P. dispar occurs off Cape Campbell and odd specimens of 
P. benthicola are known from the Otago shelf, but neither species is ecologically important. The helmet shell genus 
Xenophalium is well represented on the shelf by some eleven species. Again a number of species occur in the Bay of Plenty but the dominant form in the north is 
X. pyrum which reaches as far south as Kaikoura. From Castlepoint to Cape Palliser 
X. abernethyi largely replaces 
pyrum while 
X. hamiltoni occurs with 
abernethyi off Castlepoint but becomes the dominant species from Cape Campbell to Kaikoura. From Banks Peninsula to the Otago Peninsula 
X. finlayi seems the sole representative.

          
The endemic volute genus 
Alcithoe occurs on the New Zealand shelf in bewildering variety. Some populations would seem to defy systematic analysis but some species can be identified more readily. 
Alcithoe jaculoides apparently occurs in two forms in the Bay of Plenty and one of the forms is not uncommon south of Banks Peninsula but has not been recorded between. 
A. larochei is distributed in the Bay of Plenty, has been recorded from off Castlepoint and is one of the two dominant forms off Cape Campbell and Kaikoura. 
Alcithoe calva is known from off Castlepoint, and is the other dominant off Cape Campbell. South of Banks Peninsula a variant of 
A. calva is one of the commonest forms intermingled with typical 
calva.

          
Four species of 
Aeneator are recorded in the area under consideration. 
Aeneator compta and 
A. marshalli separabilis both occur in the Bay of Plenty but neither have been recorded south of Fast Cape. Two subspecies of 
Aeneator otagoensis range from Hawke Bay to the Otago Peninsula, 
A. o. cookiana extending from Hawke Bay to Kaikoura and 
A. o. otagoensis recorded from Timaru to the Otago Peninsula.

          
While East Cape forms a southern boundary for some of these forms. Castlepoint and Banks Peninsula seem equally valid boundaries for others. At the same time other common shelf species such as 
Austrofusus glans range from north to south in the area under consideration unchanged.

          


          
What little evidence is available tends to show that the archibenthal fauna is much more uniform and widely distributed. Pelagic forms on the other hand are much more clearly tied to the surface water distribution pattern and many of them fluctuate north and south with seasonal fluctuations of the main surface water masses. Such forms can hardly be considered in a discussion of provinces.

          
On the criteria accepted in practice by other workers it is perhaps surprising that not more provinces have been erected. Taking the actions of workers as implicit criteria for provincial separation and analysing the number of endemic forms in the faunal lists presented, the figures for the various areas are as follows:



	
	NO.OF SPECIES
	NO.OF ENDEMICS
	PERCENTAGE OF ENDEMICS


	Aupourian (in Powell's 1940 sense)
	649
	261
	40%


	Forsterian (Stewart Island)
	362
	80
	22%


	Moriorian (Dell, 1960)
	320
	49
	15%


	Antipodean (Powell, 1955)
	366
	88
	24%


	Macquarie Island
	50
	31
	66%



          
It is surprising on these figures that Macquarie Island with such a high percentage of endemic forms should be the one area which is not considered to be a province in its own right but is included in the Kerguelenian together with Kerguelen and Heard Islands. It would appear from the above that a percentage of endemic species as low as 15% or 22% or 24% is considered sufficient to designate a province. But the Auckland Islands have 16% of endemic forms, the Snares 18% and the Bounties 23%. To be consistent these areas should also become separate provinces.

          
In the case of some areas factors other than percentage of endemism have been considered. In discussing the Moriorian (Chatham Island Province) the lack of some common mainland forms has also been taken into account. Whether the lack of species of certain groups is a valid criterion for separation is an arguable point.

        

        

          
More Dynamic Approach Required

          
My own view, based largely on knowledge of the distribution of mollusca. is that no clear boundaries can be defined for any of the mainland littoral provinces, that shelf distribution patterns do not by any means coincide with those for littoral forms and that the concept of provinces as regards the mainland of New Zealand has largely outlived its usefulness. A more dynamic approach would envisage the New Zealand mollusca as being composed very largely



of three groups, one extending essentially throughout New Zealand, a second essentially northern in origin, members of which extend to a varying degree to the south, and a third group essentially southern in origin, the members of which extend to a varying degree to the north. There is no thought that these three groups are at all homogeneous in composition and much work remains to be done to analyse them completely. It is, however, firmly believed that energy is better spent in compiling full distribution data for all our species than in attempting to define rather nebulous provincial boundaries.

          
This position does not appear to be at variance with the practice of other workers. Knox for example states (1960, p. 618), ‘It is evident there are two main centres of distribution, a warm-water one in the north and a cold-water one in the south. From each of these centres, which are characterized by endemic species and non-endemic species confined to them, numbers of species extend varying degrees north and south, forming an extensive transition zone which is related to the fluctuations in hydrological conditions of the mixed waters along the central east coast.’

          
Similar views have been expressed as regards the distribution of New Zealand fishes by Moreland in 1959 and in a paper read at a meeting of the New Zealand Marine Sciences Society in 1961. The distribution of marine algae (Moore, 1961) and echinoderms (Pawson, 1961) could undoubtedly be discussed equally as well within such a framework as within provincial compartments.

          
There seems little doubt that there is a well defined faunal break between the southern islands of New Zealand (Campbell, the Aucklands, Bounties and Antipodes) and the New Zealand mainland including the Snares. At the same time many of the really characteristic Antipodean genera and species cross this faunal break and extend to a varying degree to the north. 
Chlamys (Zygochlamys) delicatulus for example occurs off Macquarie, Campbell, the Aucklands, Antipodes and extends up the east coast of the South Island probably as far as Cook Strait. The very characteristic Subantarctic genus 
Gaimardia has one species on Macquarie, two in the southern islands and one in the southern part of the South Island. 
Kidderia, which also appears Subantarctic in origin, has three species at Macquarie, two in the southern islands and five on the New Zealand mainland. The genus 
Margarella which is widely represented in the Antarctic and Subantarctic has one species on Macquarie, two in the southern islands, one on the Chathams and three on Stewart Island and the southern part of the South Island. One of these latter, M. rosea, extends as far north as Kaikoura. Limpets of the 
Cellana strigilis group have one species on the Aucklands and Campbell, another on the Antipodes, one on the Bounties, one on the Snares and one on the Chathams while one




C. s. redimiculum is recorded from Stewart Island to Kaikoura. 
Macquariella has one species on Macquarie, and one at the Antipodes while one has been recorded from the Aucklands, the Chathams and Stewart Island. 
Kerguelenella has one species on Macquarie, one on Campbell, the Aucklands and Antipodes, and another at the Snares and Stewart Island.

          
The above examples are taken from amongst the most characteristic elements of the mollusca fauna of the southern islands and show the varying degree to which this southern influence extends to the north.

          

Nerita and 
Saxostrea are two intertidal northern forms which show the extent to which such species can extend southwards. 
Saxostrea glomerata, the common Auckland rock oyster, is a marked feature of rocky coasts, forming obvious intertidal bands as far south as the Bay of Plenty. Towards East Cape artificially transported colonies have survived but no spat settles yet Occasional living specimens have been collected as far south as Cook Strait. 
Nerita melanotragus is an extremely common northern intertidal species, usually very obvious where it occurs. It becomes less common in the southern part of the North Island and in Cook Strait is very local and rare. Occasional specimens occur on Stephen Island, d'Urville Island and at Nelson.

          
Enough illustrations have probably been given to indicate the trends of distribution patterns. Evidence that more widespread fluctuations occurred, especially northern extensions of the cold-water southern fauna in Waitotaran and Nukumaruan times and possible southward extensions of the warm-water northern fauna in the Castlecliffian, has been detailed by Fleming (1944).

          
This discussion is presented at this time in the hope that it may stimulate workers in other groups to examine the concept of provinces in New Zealand and to publish complete data on geographical ranges of individual species. The writer is continuing to record data on the distribution of marine mollusca, which it is hoped will eventually be analysed and published.
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Rotary Ambulation in Hedgehogs (
Erinaceus europaeus)

        
I.F.

        

One summer evening I heard a curiously steady, rhythmic sniffing coming from outside, beneath the open window. At first I took no notice, but after it had gone on for some time with no diminution in either loudness or regularity I went over to investigate. On the concrete path below were two hedgehogs walking steadily in a tight circle, of about 12 inches diameter, following each other, both sniffing hard as they went. They neither paused nor deviated from this circular routine. I went back to my reading, but as the incessant sniffing continued monotonously for over half an hour I emptied a glass of water over the two animals. They each ran off separate ways into the darkness and were heard no more.

        

          

            
I.F.
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