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Problems of Marine and Freshwater Fisheries Biology in New Zealand





        

          Problems of Marine and Freshwater Fisheries Biology in New Zealand
        

        
by 

K. Radway Allen and 

R. Morrison Cassie, Fisheries Laboratory: Marine Department.

        

          
Although fisheries biology is one of the most recently developed branches of applied biology, it is one which is now showing considerable activity in many countries. Prior to the 1914-18 war valuable foundations had been laid, but this had been done largely by university workers, sometimes with Government subsidies, and the official organizations set up for the specific purpose of conducting fisheries research were few and small. The decreasing yields which many commercial fisheries were showing in relation to the fishing effort expended was already drawing increasing popular attention to the need for research into the basis of the fisheries, and this was emphasised in many cases by the recovery which was found to have occurred as a result of the temporary cessation of fishing caused by the war. This led, in the period between the wars, to a rapid expansion of activity in fishery research; an expansion which has continued since the last war, and has recently received additional stimulus from the realization of the drastic need to develop the world's food resources to keep pace with the increasing population.

          
In New Zealand some research on aquatic biology, particularly as regards the taxonomy and life history of various freshwater and marine animals and plants had been carried on from an early date, but it was not until the late 1920′s that organized research into the particular problems of fisheries biology was commenced. The appointment of an experienced fisheries biologist as Chief Inspector of Fisheries led the way to the gradual building up by the Marine Department of an organization for research in sea fisheries. At about the same time the combined Acclimatization Societies, which are responsible for the local administration of freshwater fisheries in New Zealand, set up a permanent Research Committee and engaged qualified research staff. This Organization was incorporated into the Fisheries Branch of the Marine Department in 1937. At the present time all fundamental fisheries research is being carried out by the Marine Department, although in the freshwater field interested bodies are encouraged to carry out local investigations, while active and valuable co–operation is being maintained with University departments in both fields of work. The Department's present, though inadequate, staff of six scientists and a number of assistants is housed in a well–equipped laboratory in Wellington, although work is undertaken in the field and at sea whenever there are problems to be investigated and a small research vessel is permanently maintained in the Auckland area.

          


          
Problems in New Zealand's freshwater fisheries are somewhat simplified by the relatively small number of species involved. The native freshwater fish fauna is limited to rather more than twenty species belonging to six families. With the exception of the eels they are all small and none are of any sporting value. Consequently many other species were introduced from Europe or America in attempts to establish sporting or commercial fisheries. Only three of these have become of widespread sporting or commercial interest. These are the Brown trout (
Salmo trutta), the Rainbow trout (
S. gairdnerii) and the Quinnat salmon (
Oncorhynchus tshawytscha). The limited resources available for freshwater fisheries research have therefore to be concentrated upon these introduced fish and upon three native species. These are the eels 
Anguilla dieffenbachii and 
A. australis schmidtii which are of potential commercial value on account of their abundance and relatively large size, and the migratory 
Galaxias attenuatus which supports the whitebait industry which yielded over 300 tons in 1947.

          
Fisheries biology is fundamentally a branch of quantitative ecology, being concerned with determining the factors which control the output of the fisheries, and, where possible, with finding means of maintaining it at the highest possible level. This requires in the first place a knowledge of the fundamental biology of the species concerned, including particularly their systematics, distribution and migrations, rate of growth, reproduction, predators, and feeding habits. These provide a basis from which research can be undertaken on the quantitative effects of these various factors upon the population and the correlation between them and the crop taken by man. The introduced fish of New Zealand have been the subject of much research both in their native lands and in other countries to which they have been introduced, and consequently general knowledge of their biology is well–advanced. In these circumstances the problems concerning these fish which are of greatest interest are those produced by local conditions and those involving the quantitative relations between the fish populations and their environment.

          
Trout and salmon are typically inhabitants of the rapid rivers of hilly country and are therefore in many ways adapted to withstanding the effects of floods. New Zealand is a geologically young country and consequently erosion of the high lands and changes of river–bed level are still proceeding rapidly apart from any recent man–made acceleration. The resulting instability of river beds renders flood effects particularly severe here, and the investigation of them as a potential limiting factor for fish populations presents interesting and pressing problems. The possible adverse effects are two; trout feed largely upon insect larvae and nymphs which live among the stones of the river bed and are easily destroyed by the disturbance of the bed in a flood; direct destruction of fish may also occur particularly during the three or four months which the eggs and larval fish spend buried in the gravel before the active, swimming stage is reached. Preliminary work has shown



that both effects may at times be serious; well over 90% of the bottom fauna has been found to be destroyed in a single flood. Detailed studies of the extent of damage caused by floods of varying magnitude on different types of bed, and correlation of the results with records of flood frequency are still needed before the extent to which these factors may be limiting fish stocks can be determined.

          
Apart from its potential commercial value the long–finned eel (
A. dieffenbachii) is of special interest as a predator on and competitor for food with the introduced fishes. This interest is increased by the relative ease with which its numbers can, in some cases, be controlled. The complex relationship between the various species will however require detailed study before the value of eel–control activities can be determined. Since this eel is a native species we cannot draw on overseas work for knowledge of even its general biology. This phase has however now been fairly fully studied, and quantitative investigations of the size and composition of eel populations are now being undertaken.

          
Another native predator on fish which presents somewhat similar problems, but which has been even less studied, is the Black Shag (
Phalacrocorax carbo).

          
The other native fish of direct practical importance, the whitebait, remains unfortunately still in the stage in which only the barest outline of its biology is known, and many questions of the greatest importance remain to be answered before any measures for the improvement or maintenance of the crop can be based on sound biological grounds. The remaining species have at present little practical importance except in their relation to the introduced species either as competitors for food, or as food themselves. They present however an almost untouched field to the aquatic biologist and even their systematics, which must be worked out to provide a sound basis for ecological studies, is still in a fragmentary state.

          
The development of additional freshwater fisheries in New Zealand must depend upon the introduction of further valuable species suited to environments which have proved unsatisfactory for salmonids. In the sea, on the other hand, we have a great number of species many of which are almost unknown from the fisheries angle.

          
At present the magnitude of the problems connected with marine fisheries already worked makes it necessary to confine present work to some extent to the economic management of grounds already known, rather than the exploration of new resources. However, much work may have direct or indirect application in both directions.

          
Very little of the essential biological knowledge has been recorded for our New Zealand marine fishes. There are, in fact, a whole series of investigations needed, each of which could well occupy a team of



research workers. Much of this work is, of course, of interest to pure as well as applied biologists, and there are indeed many in the universities and museums who are directing their attention to fundamental marine problems. However, the applied worker must at present to some extent do without the groundwork of accumulated knowledge, each section being sought for as required.

          
Many of the classifications now in use need to be brought up to date and related to those used overseas; a manual of New Zealand fish is badly needed. Further, the races and clines formed within the different species, and the migratory patterns, must be determined, particularly for the more important food–fishes such as the snapper, tarakihi, hapuku, and blue cod.

          
The available sources of fish–food, both benthic and pelagic must be plotted quantitatively and the ensuing ecological problems studied. Closely coupled with this comes the physical composition of the sea, its currents, temperatures, salinities, and the other mineral contents.

          
Life histories of nearly all our fish must be studied. We must be able to recognise eggs and larvae at all stages, while in the older fish rates of growth and changes of condition must be observed and analysed.

          
With the great advances being made throughout the world to–day in marine biological equipment and technique, the biologist must often become a technician, adapting the specifications of overseas equipment which is often not available here, or evolving new designs for his own requirements.

          
Of the more specific problems which arise from the commercial fisheries, one receiving a considerable amount of attention at the moment is the trawl and Danish seine fishery which supplies nearly 70% of the landed commercial catch. Many of the trawling grounds at present in use are being fished to capacity, some are being over–fished. One, the 
Hauraki Gulf, has been so seriously depleted that it has dropped from being our most productive to such a low level that a trawler working in Auckland waters is a rare sight to–day. Immediate remedial measures may be taken by restricting exploitation, but the fundamental causes must be studied, and the lesson applied elsewhere before it is too late. New fishing grounds may yet be available, further from the coast, but little is known as yet of the seas beyond our continental shelf, although a few more venturesome fishermen have explored the edges.

          
Pelagic species, as yet little exploited, may possibly form the basis for future fisheries, but here again questions arise. Are these fish regular enough in occurrence to support an industry? If they are taken will an important source of food be lost for the fish already being caught?

          
To study fish one must have boats. The sixty–foot research ship “Ikatere,” stationed at Auckland, is equipped as a motor trawler, and



has recently been mainly employed investigating the selectivity of trawling gear of different mesh–sizes, although some preliminary plankton and sea–bottom surveys have also been completed. However, the fishing industry can not always be studied from a departmental boat. One must see how the fishermen themselves work. These men are not scientists but their practical knowledge can be tapped by a practical scientist, even if he must for the time discard the Linnean nomenclature for somewhat saltier terms. Many fishermen in fact become almost embarrassingly active in supplying information or sending new “wogs” to the laboratory.

          
Not all the work is at sea—some fisheries products, notably the toheroa and rock oyster, may be studied on dry land. Last year an intensive study was made of the toheroa populations of the North Island, bringing many interesting questions to light. Why have these shellfish disappeared so suddenly from Ninety–mile Beach? We have some reason to believe that they may return just as suddenly, and that similar movements on a smaller scale are occurring on other beaches.

          
To the biologist straight from the dissecting bench there is something unfamiliar in the study, not of individual fish, but of fish populations. The process may be tedious at first when there are hundreds of fish to be measured, hundreds of water temperatures to be taken, or hundreds of otoliths or scales to be removed. Back in the laboratory there is the same multiplicity of figures in length frequency analysis, water circulation charts, or age determinations. There is, however, always some interesting sideline, an unfamiliar species coming to the surface or an arresting phase of ecology; even the routine data gain charm as they arrange themselves into a pattern just as fascinating as the most complex dissection.

        

      








Victoria University of Wellington Library




Tuatara: Volume 2, Issue 2, July 1949

[section]



        
The Marchant Ridge of the Tararua Mountains, starts 30 miles from Wellington and is worth visiting by botany students. The first interesting area is Dobson's Mistake 2,200ft., a twice–burnt ridge that was once covered by silver beech forest, and has several subalpine plants which normally grow in tussock above 3,700ft. They occur on the windswept and eroded crest of the ridge facing the prevailing north–west winds and include 
Pentachondra pumila, Cyathodes empetrifolia, Oreobolus strictus and Gentiana patula, growing in three inch high mats orf 
Blechnum capense. The fact that this ridge is eroded, apparently makes it a good habitat for these plants of windswept tussock and fell field. Accompanying these are stunted Kamahi, 
Dracophyllum filifolium, and mountain flax, which are usually found in montane srub that follows fires.

        
Further north, is Omega, 3,668ft. This has an inteersting bog with many common subalpine plants often stunted by the boggy conditions; while on Block XVIII track to the Tauwharenikau valley is a stand of the mountain, Toa–toa which is almost absent from the Southern Tararuas, except for another stand on the Renata Ridge.

        

          
—
D.R.McQ.

        

      








Victoria University of Wellington Library




Tuatara: Volume 2, Issue 2, July 1949

A Guide to the Oxyrhyncha, Oxystoma and Lesser Crabs





        

          A Guide to the Oxyrhyncha, Oxystoma and Lesser Crabs
        

        


L. R. Richardson, Victoria University College.

        

          
The Brachyura is divided into five main groups, of which only the Brachygnatha is well-represented in our known fauna. The Brachygnatha includes the Brachyrhyncha which contains the bulk of the common crabs of the exposed fore-shore, and the Oxyrhyncha, few of which inhabit tidal levels. The majority of the oxyrhynchs is to be collected by dredging and accordingly most have been rarely taken here; but careful search of beaches, of wrack, etc., after storms, the examination of pools exposed at the lowest of tides, and of the weeds, etc., on the bottom of dry-docked ships, will yield a reasonably representative collection. The Oxystomata is not well represented, and our species are known only from sub-tidal levels. The Dromiacea is known from the one species. The Hapalocarcinidea contains crabs which are parasitic or symbiotic in corals, the coral forming a shell-like den in which the crab probably lives permanently. So far, this small group is unknown for our waters, and no representative of the primitive Gymnopleura has yet been recorded although both groups are known from the Indian and Pacific oceans (see p. 69).

          
The Oxyrhyncha includes the Parthenopidae, known here from the one species 
Eurynolambrus australis which is common among stones in the lower tidal region; the Majidae, masking crabs, of which only 
Paramithrax latreilli and 
P. minor are found in tidal pools, although 
P. peronii is occasionally found at the lowest tides; and the Hymenosomidae. The upper margin of the orbit is of great systematic value for the Majidae where it consists of three parts: a preorbital, a median orbital, and a postorbital. These may be spine-like, tooth-like, or in the form of a flange. Individually or collectively they may shield the eye or if spaced out or weakly developed, the eye and the stalk may be exposed. In 
Paramithrax, the three segments are spaced out and the eye when pressed back does not reach to the postorbital spine, as it does in 
Leptomithrax where the three segments are crowded together so that when the eye is pressed backwards the eye-stalk is concealed and the cornea reaches to the postorbital spine. For this reason it is necessary to transfer Thomson's 
Paramithrax longipes to the g. 
Leptomithrax. Balss (1929, Senckenbergiana, v. ii) has transferred 
Prionorhynchus edwardsii to the g. 
Jacquinotia and described a new genus for 
Campbellia kohli a new species from Campbell Island which may occur here.

          This study has been assisted by a grant-in-aid of research from the Research Grant Committee of the University of New Zealand.

          


          
The Hymenosomidae are not well known, which is unfortunate since these small crabs occur in variety and numbers and can be readily collected. A search at low tide in 
Zostera and 
Ulva in pools on mud-flats will produce a variety of species which have caused much trouble to systematists. The difficulties are several since there is no orbit, the carapace lacks ornamentation, etc., but chiefly the difficulties are the result from neglect. Bennett promised a monograph but though completed it has not been published. Originally the genera listed for our waters were 
Hymenosoma, Hymenicus, Halicarcinus and 
Elamena, together including some fifteen species. Montgomery (1931, Journ. Linn. Soc., v. 37) shows that the Hymenosoma 
depressum of Jacquinot and Lucas cannot belong to Hymenosoma since the original specimens have an epistome, and it seems best here to return the species to the early-proposed and apparently still valid g. 
Hombronia. The sole available specimen (from the Dominion Museum) although incomplete shows the remarkable plate described in the key on the right side but it appears to have been removed from the other. Balss (1929) has re-examined the types of Halicarcinus 
huttoni and shown this species to be a synonym of 
H. ovatus; Gordon (1940, Proc. Linn. Soc. Lond. No. 152 (1)) reports that the types of 
Elamena whitei belong to 
Halicarcinus. Chilton concluded that 
H. tridentatus is a variety of 
H. planatus, while Bennett regarded 
H. tridentatus as a complex of species. Fortunately Rathbun and also Balss have examined New Zealand material and recognised 
H. planatus from these waters. All available material I have examined is referable without difficulty to either 
H. planatus or to 
H. ovatus. So far, 
H. tridentatus in one form or another, has not been recognisable. Chilton's 
H. marmoratus is not recognisable from the published description. Since he considered it a possible synonym of 
H. varius, the original specimen may be referable to 
H. cooki or to the species (Key, 15) which is common but not yet referable to a named species. All of my material of this family belong either to 
Halicarcinus or 
Elamena, and it is probably adequate to follow Kemp's decision (1917, Rec. Ind. Mus. v. xiii), to include 
Hymenicus in 
Halicarcinus.

          
The Oxystomata contains three families, of which only the Leucosiidae is known to be represented in our waters. A box-crab (
Calappa hepatica) was listed by Ortmann but has not been reported again in the fifty and more years since the first account. Four species of 
Ebalia have been reported. Only the one species is known to me. This is characterised by the presence of a minute lateral spine; a more or less acute spine at each end of the posterior margin; a larger more prominent, obtuse, rounded spine on the median line extending beyond and overhanging the posterior margin, so that in dorsal view there appear to be three posterior lobes; and a row of minute teeth on the posterior margin of the arm. The ten specimens in my collection show a marked variation on the dorsum of the carapace which ranges from the 
appear-



ance of being agranular, to completely granular, and also shows variation in the degree of development of tubercles which in the better developed cases appear as two prominent tubercles on either side of the gastric region, one on each branchial region, and two others forming a circle with a sixth tubercle situated on the middle of the intestinal region at the centre of the circle. These tubercles are not obvious in some specimens. It is quite probable that Kirk and Chilton's records of 
E. laevis, Kirk's record of 
E. tumefacta, and the several records of 
E. tuberculosa, may all refer to this species in one variation or another. Certainly my material from the southern Sounds and Cook Strait is all referable to 
E. cheesemani.

          
The Dromiacea are known to me only by one specimen of 
Petalomera lateralis (formerly 
Cryptodromia) but the group is well represented in Australian waters and other species will probably be found here when our offshore waters are explored.

          
I must record my great debt to Mr. Abernethy who, as engineer on several trawlers, has saved specimens for me. He has collected several new and some rare species which will be described elsewhere. Unless otherwise acknowledged, the figures are drawn from specimens, some on loan from the Dominion Museum and other Museums, but mostly in my own collections. The figures have been prepared by Miss S. Krefft, whose assistance in this and many other ways, has greatly facilitated the construction of this guide. The figures are not drawn to scale and ornamentation is commonly omitted. Plate and figure numbers continue from the previous article. The essential morphology can be largely obtained from a study and dissection of the crayfish; but comparative crab material is necessary for an appreciation of the anatomy of the orbit.

        

        

          

            
Key To The Major Sub-Divisions Of Brachyura
          

          

            

              

                
	1 (10)
                
	Generally crab-like; the cephlothorax more or less as wide or wider than long and the branchiostegite complete above the posterior legs; posterior region of thoracic sternum, flat, not keel-like.
              

              

                
	2 (3)
                
	Mouth-field longer than wide, triangular, narrowing anteriorly to form a gutter-like buccal cavern; epistome much reduced, often absent. OXYSTOMATA.
              

              

                
	3 (2)
                
	Mouth-field more or less as long as wide; squarish or oblong.
              

              

                
	4 (9)
                
	Buccal cavern covered by external maxillipeds, as is usual.
              

              

                
	5 (8)
                
	Last pair of thoracic legs normal, not arising from a dorsal or sub-dorsal position; flagellum of antenna very short. BRACHYGNATHA.
              

              

                
	6 (7)
                
	Front very narrow, commonly with a distinct rostrum; either: orbits formed, body broadly triangular, or pear-shaped and
              

            

          

          


          

            

              

                
	
                
	inflated over hepatic region; or: orbits lacking, carapace ovoidal to circular and dorsum membranous and flat. OXYRHYNCHA.
              

              

                
	7 (6)
                
	Front wide; rostrum reduced or commonly absent; body transversely square, oval, or if round not membranous; orbits formed, commonly complete. BRACHYRHYNCHA. (See “Tuatara,” Vol. II, p.29.)
              

              

                
	8 (5)
                
	Last pair of thoracic legs subdorsal, relatively small; antenna long, flagellum equal or exceeding half width of carapace. DROMIACEA. (Sole known representative 
Petalomera lateralis. (Fig 51)) (Low-tide level and offshore in deeper water; ½ inch wide.)

*
              

              

                
	9 (4)
                
	External maxillipeds narrow and fail to cover the very wide buccal cavern. HAPALOCARCINIDEA. (Apparently as yet not known from these waters.)
              

              

                
	10 (1)
                
	Carapace elongate, flattened or sub-cylindrical (rather as in the crayfish) and the branchiostegite emarginate to expose wall of thorax above the posteriar legs; posterior thoracic sternites narrow, keel-like; mouth-field commonly elongate, the sides parallel. GYMNOPLEURA. 1.
              

            

          

        

        

          

            
Key to the Families of Oxyrhyncha
          

          

            

              

                
	1 (4)
                
	Carapace not thin and flat; chelipeds mobile and powerful, with bent fingers; orbits usually present.
              

              

                
	2 (3)
                
	Orbits generally more or less incomplete; chelipeds especially mobile, rarely much greater than legs or rarely having fingers bent at an angle to hand; hooked hairs nearly always present. 
MAJIDAE. (Masking crabs; spider crabs.)
              

              

                
	3 (2)
                
	Orbits well-made; chelipeds not especially mobile, usually much longer and heavier than legs and with fingers usually bent at an angle to the hand in the direction of the fixed finger; hooked hairs rarely present. 
PARTHENOPIDAE. (Known from one species, as follows: carapace much broader than long, nearly flat, rugose above with four major depressions; front very narrow. 
Eurynolambrus australis. (Fig 38.) (Low tidal and below; rocky beaches; up to 1 ¾ inches long.)
              

              

                
	4 (1)
                
	Carapace thin and flat; chelipeds not long or bent; no orbits; no hooked hairs. 
HYMENOSOMIDAE. (Flat-back crabs.)
              

            

          

        

        

          

            
Key to the Species of Majidae
          

          

            

              

                
	1 (7)
                
	Eye-stalks exposed, commonly long and non-retractile; orbits lacking. (Sub-F. Inachinae.)
              

              

                
	2 (5)
                
	Basal joint of antenna not fused to surrounding parts, and its ventral face convex; merus of external maxillipeds narrower
              

            

          

          


          

            

[image: Figs. 24, Echinomaia hispida (Inset, chela); 25, Naxia buttoni (Inset, last walking leg); 26, Jacquinotia edwardsii; 27, Acanthophrys filholi; 28, Paramicippa spinosa; 29, Campbeljia kohli; 30, Leptomithrax sternocostulatus; 31, L. longipes; 32, L. australis; 33, L. longimanus; 34, Paramithrax latreilli; 35, P. peronii; 36, P. minor; 37, P. parvus; 38, Eurynolambrus australis. (Figs. 24, 37, after Borradaile; 27, after Filhol; 28, after Miers; 29, after Balss; 30, after Grant and McCulloch.)]
Figs. 24, Echinomaia hispida (Inset, chela); 25, Naxia buttoni (Inset, last walking leg); 26, Jacquinotia edwardsii; 27, Acanthophrys filholi; 28, Paramicippa spinosa; 29, Campbeljia kohli; 30, Leptomithrax sternocostulatus; 31, L. longipes; 32, L. australis; 33, L. longimanus; 34, Paramithrax latreilli; 35, P. peronii; 36, P. minor; 37, P. parvus; 38, Eurynolambrus australis.


(Figs. 24, 37, after Borradaile; 27, after Filhol; 28, after Miers; 29, after Balss; 30, after Grant and McCulloch.)


          

          


          

            

              

                
	
                
	than ischium, the palp large and the whole appendage somewhat pediform.
              

              

                
	1433 (4)
                
	Carapace elongate-triangular, inflated; rostral spines short, acute; gastric region with a short blunt spine and two tubercles forming a triangle. (
Stenorhynchus fissifrons.) (Known for New Zealand only from one specimen in the McLeay Museum, Sydney.)
              

              

                
	1434 (3)
                
	Carapace nearly circular, as broad as long; nine large spines on carapace; lacking hooked hairs. 
Echinomaia hispida (Fig. 24). (Known from two specimens; offshore; sand bottom; ½ inch long.)
              

              

                
	1435 (2)
                
	Basal joint of antenna fused to surrounding parts, ventral face flattened or concave; merus of external maxillipeds as broad or broader than ischium, and the palp small.
              

              

                
	1436 (-)
                
	Rostral spines each with a ventral spinule; antero-lateral borders spinous; walking legs sub-chelate. 
Naxia huttoni (Fig. 25) Sub-littoral and offshore waters, among stones and weeds; carapace and legs with strong hairs; everywhere covered with a fine fur; up to 3 ½ inches long.)
              

              

                
	1437 (1)
                
	Eye-stalks more or less concealed and retractile.
              

              

                
	1438 (16)
                
	Orbits never sufficiently complete to entirely conceal cornea of retracted eye; eye-stalks more or less concealed or concealable by a preocular or postocular spine; eye-stalks may be short or obsolete, or sunk into rostrum.
              

              

                
	1439 (11)
                
	No true orbits; eye-stalks little movable, short and concealed by a supraocular spine, or sunk into rostrum. (Sub-F. Acanthonychinae.)
              

              

                
	14310 (-)
                
	Rostrum laterally compressed and flanked by salient supraocular spines; carapace smooth; antero-lateral borders with a sharp anterior process at the base of the rostrum and one (male, bilobed) or two (female, anterior bilobed, posterior trilobed) processes on postero-lateral border. (
Huenia bifurcata.) (Known only from type specimen for New Zealand.)
              

              

                
	14311 (9)
                
	Orbits present; eyes retractile into a large cupped recess on postocular processes but leaving cornea at least partly visible. (Sub-F. Pisinae.)
              

              

                
	14312 (13)
                
	Rostrum of rounded dentate lobes, directed obliquely downwards; carapace with numerous small rounded tubercles interspersed with larger ones some of which form a longitudinal median series; antero-lateral margins, spinous; body wider with age. 
Jacquinotia edwardsii. (Fig. 26) (Two fathoms and deeper; apparently southern; up to 4 inches wide.)
              

              

                
	14313 (12)
                
	Rostrum of two divergent spines.
              

              

                
	14314 (15)
                
	Antero-lateral margins straight, long, unarmed; a prominent lateral spine; rostral spines very long, ½ to 2/3 width of cara-
              

            

          

          


          

            

              

                
	
                
	pace which is polished when denuded and has a single midgastric tubercle; everywhere with stiff curling hairs. (
Hyastenus (= 
Halimus) 
diacanthus.) (Offshore; up to 2 ¼ inches long.)
              

              

                
	14315 (14)
                
	Antero-lateral margins lamellate, divided into lobes; rostral spines, long; carapace, hairy. 
Acanthophrys filholi. (Fig 27) (Offshore; inadequately known; 2 inches long.)
              

              

                
	14316 (8)
                
	Orbits more or less complete, either: complete enough to entirely conceal cornea of retracted eye in dorsal view; or: the eyes partially protected by an antler-like supraocular spine, or by a jagged postocular tooth, or both (Sub-F. 
Majinae.)
              

              

                
	14317 (18)
                
	Rostrum very broad, lamellate, deflexed forming a transversely oblong plate, two-lobed and crenulate on the anterior margin; carapace granulous; antero-lateral margin, spinous; orbital floor complete. (
Paramicippa spinosa) (Fig. 28) (Offshore; ¾ inch long.)
              

              

                
	14318 (17)
                
	Rostrum incised more or less deeply into two triangular lobes or two long spines.
              

              

                
	14319 (20)
                
	Rostrum of two flattened divergent broad spines with toothed margins; legs strongly spinous; orbital floor complete. 
Campbellia kohli. (Fig. 29) (Known from one male, Campbell Island; offshore; ½ inch long.)
              

              

                
	14320 (19)
                
	Rostrum of two rounded elongate spines; orbital floor incomplete.
              

              

                
	14321 (30)
                
	Postorbital segment closely approximated to the median element in the dorsal margin of the orbit and cupped to receive and concealing much of the eye when pressed back; wrist without ridges, often granulous. 
G. Leptomithrax.
              

              

                
	14322 (23)
                
	Postorbital segment elongate oblong, not spiniform, distally truncate, the extremity, bidentate; in the male, thoracic sternites each with a definite deep rimmed pit on either side of the abdomen. (
L. sternocostulatus.) (Fig 30) (Offshore; up to 1 ½ inches long.)
              

              

                
	14323 (22)
                
	Postorbital segment a spine.
              

              

                
	14324 (25)
                
	Wrist without granules; cheliped barely as long as first walking leg. 
L. affinis. (Offshore; known from one specimen 1 ¾ inches long, indistinguishable from the female of 
L. longimanus excepting for the wrist.)
              

              

                
	14325 (24)
                
	Wrist with granules.
              

              

                
	14326 (27)
                
	External maxillipeds clothed with a short fur but leaving a prominent naked, white, circular patch on the outer face; definite rimmed pits in each sternite on either side of abdomen in the male; median orbital spine almost excluded from the rim of orbit by the anterior and posterior lobes which nearly meet lateral to it. 
L. longipes. (Fig. 31) (Offshore; up to 2 inches long.)
              

            

          

          


          

            

              

                
	27(26)
                
	External maxillipeds clothed or naked, but always lacking a naked central disc; sternal pits if present shallow and rimless.
              

              

                
	28(29)
                
	Granules restricted to upper and outer surfaces of arm and wrist; postorbital spine with an accessory spinule on medial margin; rostral spines short, scarcely divergent; antero-lateral spines as long or longer than postorbital; fixed finger fully denticulate. 
L. australis. (Fig. 32) (Offshore; up to 2 ½inches long.)
              

              

                
	29(28)
                
	Granules on all surfaces of arm and wrist; no accessory spine on postorbital; rostral spines long; fixed finger denticulate only on distal half; antero-lateral spines low, not as large as post-orbital. 
L. longimanus. (Fig. 33) (Offshore; up to 1 ½ inches long.)
              

              

                
	30(21)
                
	The postorbital segment a simple uncupped spine remote from the eye when pressed back; wrist with longitudinal ridges, usually one on the upper face and one obliquely crossing the outer face. G. 
Paramithrax.
              

              

                
	31(32)
                
	Lacking spines on the mid-dorsal line of the carapace which is covered in all regions with piliferous rounded tubercles; six prominent acute spines posterior to the postorbital; arm with a crest of strong spines on the dorsal aspect. 
P. latreilli. (Fig. 34) (Common in pools on rocky and stony beaches; up to 2 ½ inches long.)
              

              

                
	32(31)
                
	A row of spines situated on the median dorsal line of the carapace.
              

              

                
	33(34)
                
	Five (occasionally four) large well-spaced spines on the branchial margin; rostral spines strongly divergent; several large spinous tubercles on arm. 
P. peronii. (Fig. 35) (Lower tidal levels on rocky and stony beaches; offshore on sand; up to 3 inches.)
              

              

                
	34(33)
                
	A row of seven small spines, more or less crowded, extending onto the dorsum of the branchial region.
              

              

                
	35(36)
                
	Rostral spines long, about 1/5th the length of the rest of the carapace; preorbital segment with a short spine; arm nodular along dorsal margin; first, third, fifth and seventh branchial spines often larger than intervening spines. 
P. minor. (Fig. 36) (Common on the lower tidal of rocky and stony beaches; among weeds on piles; up to 1 ½ inches long.)
              

              

                
	36(35)
                
	Rostral spines short, about 1/6th the length of the rest of the carapace; no spine on the preorbital segment. 
P. parvus. (Fig. 37) (Known from one small specimen, 1 cm. in length, taken from deep water.)
              

            

          

        

        

          

            
Key to the Species of Hymenosomidae
          

          

            

              

                
	1 (2)
                
	External maxillipeds largely concealed beneath a wing-like plate; rostrum, simple, short, acute; carapace, circular, without mar-
              

            

            


            

[image: Figs. 39, Hombronia depressa; 40, Elamena longirostris; 41, E. producta (and leg); 42, Halicarcinus pubescens; 43, H. haasti; 44, H. lacustris; 45, Halicarcinus sp.; 46, H. cooki; 47, H. whitei (inset, rostrum); 48, H. planatus; 49, H. ovatus; 50, Ebalia cheesemani; 51, Petalomera lateralis. (Figs. 43, after Filhol; 44, after Chilton.)]
Figs. 39, 
Hombronia depressa; 40, 
Elamena longirostris; 41, 
E. producta (and leg); 42, 
Halicarcinus pubescens; 43, 
H. haasti; 44, 
H. lacustris; 45, 
Halicarcinus sp.; 46, 
H. cooki; 47, 
H. whitei (inset, rostrum); 48, 
H. planatus; 49, 
H. ovatus; 50, 
Ebalia cheesemani; 51, 
Petalomera lateralis.


(Figs. 43, after Filhol; 44, after Chilton.)


          

          


          

            

              

                
	
                
	ginal teeth. 
Hombronia depressa. (Fig. 39) (Marine; probably among weeds; ½ inch.)
              

              

                
	2 (1)
                
	External maxillipeds exposed, as is usual.
              

              

                
	3 (8)
                
	Surface of carapace smooth, regions never delimited by sharp grooves; ischium of external maxillipeds longer than merus; maxillipeds completely closing buccal covern. 
G. Elamena.
              

              

                
	4 (7)
                
	Rostrum projecting beyond the eyes.
              

              

                
	5 (6)
                
	Rostrum narrow, produced; a strong spine extending from subrostral keel; carapace triangular; legs with many sturdy teeth. 
E. longirostris. (Fig. 40) (Offshore in deeper water; under ½ inch.)
              

              

                
	6 (5)
                
	Rostrum produced, wide, obtuse; sub-rostral keel not spine-like; carapace, polygonal; distal end of merus of legs produced as an obtuse tooth, otherwise legs toothless. 
E. producta. (Fig. 41) (Symbiont in 
Haliotis; free-living offshore in deeper water; up to ½ inch.)
              

              

                
	7 (4)
                
	Rostrum broad and obtuse not projecting beyond the eyes; carapace broader than long; no marginal spines. 
E. quoyi. (An inadequately described species.)
              

              

                
	8 (3)
                
	Regions of carapace defined by sharp-cut grooves (which may show clearly only when dry); ischium of external maxillipeds not longer, frequently shorter than merus; the maxillipeds broad, and close or nearly closing buccal cavern; male abdomen with all sutures distinct; rostrum present. 
G. Halicarcinus.
              

              

                
	9(16)
                
	Rostrum not strongly trilobate or tridentate, generally produced as a simple acute or obtuse triangle.
              

              

                
	10(13)
                
	Posterior margin smoothly convex; margins toothless.
              

              

                
	11(12)
                
	Rostrum an obtuse triangle; carapace sub-ovoid to ovoidal; everywhere hairy. 
H. pubescens. (Fig. 42) (Offshore in deeper water; ¼ inch.)
              

              

                
	12(11)
                
	Rostrum triangular, sub-equilateral; antero-lateral margins straight, convergent, so that carapace widest posteriorly; not extensively hairy. 
H. haasti. (Fig. 43) (Unknown except for type.)
              

              

                
	13(10)
                
	Posterior margin straight, at least never smoothly convex; marginal teeth generally present.
              

              

                
	14(15)
                
	Carapace nearly circular, flat, with scattered hairs; two obscure teeth on antero-lateral margin; chelipeds and legs hairy; rostrum produced, concave above, distal end obtusely rounded. 
H. lacustris. (Fig. 44) (Freshwater, in lakes; small.)
              

              

                
	15(14)
                
	Carapace ovoidal, dorsum hairless; anterior marginal tooth obsolete; posterior tooth acute, spine-like; rostrum variable, ranging from a broad obtusely rounded triangle to minutely tridentate as though eroded; in the male, digits of chela gaping proximally and dentate along distal half; palm with a dense
              

            

          

          


          

            

              

                
	
                
	patch of hair on medial surface. 
H. sp. (Fig. 45) (Possibly 
H. marmoratus Chilton; among weeds in tidal pools on mudflats, 1/3 inch.)
              

              

                
	16 (9)
                
	Rostrum clearly trilobate or tridentate; never simply obtusely convex.
              

              

                
	17(20)
                
	Rostrum produced as a platform above and beyond the eyes (as in 
Elamena), distally divided into lobes or teeth.
              

              

                
	18(19)
                
	Anterior marginal tooth, rounded; posterior tooth submarginal, acute, spine-like; rostral lobes sub-equal; medial face of chela sparsely hairy; elsewhere hair scanty; digits of chela fully dentate and with full occlusion. 
H. cooki. (Fig. 46) (Among 
Zostera and other sea-weeds in pools on tidal mud-flats; 1/3 inch.)
              

              

                
	19(18)
                
	No marginal spines or hooks; a prominent postocular tooth; median rostral tooth larger than laterals; chelipeds and elsewhere hairy. 
H. whitei. (Fig. 47) (As 
H. cooki, but also on piles of wharves; 1/3 inch.)
              

              

                
	20(17)
                
	Rostrum represented only by three lobes or teeth, not produced as a platform; margin of carapace continues as a ridge across the front.
              

              

                
	21(22)
                
	Marginal teeth absent or at best both obtuse; rostrum of three obtusely rounded low processes originating well below the rim of the carapace and with sub-parallel sides; in the male, the hand and fingers sturdy, the dorsal margin of the movable finger equals or barely exceeds the height of the palm. 
H. planatus. (Fig. 48) (Among weeds on piles, ships, etc., and in shallow sheltered water; ½ inch wide.)
              

              

                
	22(21)
                
	Anterior tooth, obtuse, marginal; posterior tooth, acute, submarginal; rostrum of three acutely triangular teeth widely separated distally and arising barely below the margin; in the male, the hand long and tapering, the dorsal margin of movable finger exceeds height of palm. 
H ovatus. (Fig. 49) (Beneath stones at lower levels; up to ¾ inch wide.)
              

            

          

        

        

          

            
Key to the Species of Oxystomata
          

          

            

              

                
	
                
	(Species recorded all belong to the F. Leucosiidae and to the genus 
Ebalia.)
              

              

                
	1 (3)
                
	Carapace lacking prominent tubercles, finely granular.
              

              

                
	2 (-)
                
	Posterior margin produced to give the appearance of three obtuse teeth; a single minute tooth at margin of branchial region. 
E. laevis. (Offshore; ½ inch long.)
              

              

                
	3 (1)
                
	Carapace with large tubercles on dorsum; generally granular (but this feature highly variable).
              

              

                
	4 (7)
                
	No lateral spine on the branchial margin.
              

            

          

          


          

            

              

                
	5 (6) Two tubercles on the cardiac region, one on each branchial in the male but these regions greatly swollen in the female; merus of cheliped, unarmed. 
E. tumefacta. (Reported from Cook Strait; a European species.)
              

              

                
	6 (5) Tubercles arranged as a circle of five, with a sixth tubercle at the centre (the branchial tubercles may be nearly obsolete); two broad lobes on the posterior margin; merus of cheliped, unarmed. 
E. tuberculata. (An Australian species; offshore; ½ inch long.)
              

              

                
	7 (4) Lateral spine on the branchial margin; posterior margin with an obtuse tooth at either end; a larger tooth above the middle and overhanging the posterior margin; the posterior margin of merus of cheliped with many small teeth. 
E. cheesemani. (Fig. 50) (Offshore; up to ¾ inch long.)
              

            

          

        

      



* Since going to press, a specimen of 
Latreillopsis petterdi trawled from Cook Strait has been shown me in the collection of the Dominion Museum. This means that both of the main subtribes of Dromiacea are represented here.
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          Lyreidus australiensis Ward (Brachyura, Gymnopleura) from Cook Strait
        

        


L. R. Richardson and 

S. Krefft, Victoria University College.

        

          
The present record of 
Lyreidus australiensis is based on the fairly complete exoskeleton of the cephalothorax and its appendages from a single semi-digested female recovered by Mr. B. M. Bary from the stomach of a dogfish taken in the Wellington area. This is apparently the first record of a gymnopleuran for New Zealand, and is of interest in adding to our fauna a representative of a group of lesser Brachyura notable for a blending of brachyuran and macruran features. The abdomen is reduced; uropods, absent; epistome and pterygostomium, united; external maxillipeds, plate-like and covering a well-formed mouth-field, etc.; but with these crab-like features there are the macruran features such as the presence of a definite rostrum; the free basal segment of the antennae; narrow posterior thoracic sternites; and an astacuran pattern in the central nervous system. Bourne (1922, J. Linn. Soc. Zoo. xxxv., No. 231) views the Gymnopleura as arisen from Macrura independent of other Brachyura and strikingly convergent with the Oxystomata.

          
The majority of species live on the continental shelf, mostly on sandy bottom. Some are taken by hand-line in the vicinity of coral reefs. Their habits are little known; but the depressed dactyli of 
Lyreidus and some others indicate that these dig in sand, and possibly

          This study has been assisted by a grant-in-aid of research from the Research Grants Committee of the University of New Zealand.

          


          
burrow. Judging from the presence in the stomach of the fish of 
L. longipes and of a new species of 
Trichopeltarion both of which are known from sandy bottom, along with the present specimen, this 
Lyreidus was captured in a sandy area. The species has been trawled on several occasions off the eastern Australian coast, and is probably common in Cook Strait.

        

        

          

Lyreidus Australiensis. Ward, 1933.

          
The carapace elongate, the greatest width at the middle of the length where it is nearly two-thirds of the length; the dorsum, strongly convex transversely and slightly so longitudinally. The fronto-orbital margin is one-third, the anterolateral margin three-quarters, the postero-lateral margin equals, and the posterior margin just exceeds one-half, in each case of the greatest width of the carapace. The flat rostrum has a median ventral keel, and from above, the form of an equilateral triangle. The orbts are wide and deep, the lateral wall formed by the medially concave external orbital angles which are acute and equal in length to the rostrum. The anterolateral margins diverge, are weakly concave anteriorly and convex posteriorly. The lateral spine is wide-based, acute, and anteriorly directed. The posterolateral margins are initially subparallel but convergent posteriorly where they form an obtuse angle with the transverse, slightly concave posterior margin.

          

            

[image: Lyreidus australiensis. Fig. 1, dorsal view of cephalothorax; Fig. 2, external face of right chela; Fig. 3, of left chela; Fig. 4, external maxillipeds.]
Lyreidus australiensis. Fig. 1, dorsal view of cephalothorax; Fig. 2, external face of right chela; Fig. 3, of left chela; Fig. 4, external maxillipeds.


          

          
The wide, short peduncle of the eye fills the orbit which has a single orbital fissure, and there is a recess in the external orbital angle into which the peduncle fits. The basal segments of the antennules are short, rounded below, ridged above, and separated by a plowshare-shaped interantennulary septum. The basal segment of the antenna



is short and depressed. The ischium and merus of the external maxillipeds are subequal in their greatest lengths.

          
The first sternite is flat, anteriorly trilobed, manubriform and in its greatest width slightly exceeds the fronto-orbital margin. The subsequent sternites are narrow and deeply grooved. The abdomen is lacking.

          
The chelipeds are increasingly compressed from the rounded arm to the thin fingers. The left arm has a small spine median to the dorsal margin. There is a recurved tooth median on, and a spine distal on, the dorsal margin of the wrist. The dorsal margin of the strongly compressed hand is keeled; the ventral margin of the left hand has three, of the right hand two, low but sharp-edged spines. There are no teeth on the occlusal surfaces of the fingers, which have sharp cutting edges. The movable finger is set at right angles to the palm, is long, tapering; but the fixed finger is broad, flat and short. The basal segments of the legs are triangular in section; the distal, compressed and keeled, excepting the dactyli which are elongate, tapering, and depressed so that their width is transverse to the width of other segments of the leg.

          
Length of the carapace, 37 mm.; greatest width, 20 mm. (both as measured with the carapace returned to a normal shape, not collapsed).

          
Haswell (1882, Catal. Austral. Crust.) recorded 
Lyreidus tridentatus de Haan 1841 from specimens collected at Port Stephens and Port Jackson in Australia. Ward (1933, Austral. Zool., 7 No. 5) considers the Australian material is distinct and has named it as 
L. australiensis, a species resembling 
L. tridentatus but with longer orbits, a broader carapace and sternum, longer and more slender chelae, etc. The present specimen fits well with Haswell's description from Australian specimens, agrees with Bourne's figures of the venter and of various appendages etc., of an Australian specimen; and other than in the hands which are not as heavy, with the photograph of Ward's holotype male. Accordingly the present specimen is recognised as 
L. australiensis although Ward's definition of this species is quite cursory. The other species of 
Lyreidus seem to be 
L. bairdii Smith 1881 which has the anterolateral margins indented and a broad angle between the anterior and the lateral margins; 
L. channeri Wood-Mason 1885 (syn. 
L. gracilis W.-M. 1887) having the external orbital angles produced beyond the rostrum, and a prominent anterior and a still larger posterior spine in the middle and at the end of the anterolateral margin; the doubtful 
L. elongatus Miers (? syn. 
L. tridentatus) was described by Miers as having the carapace barely equalling in width one-half of the total length, a narrow rostrum, four spines on the lower margin of the hand, and the greatest width level with the lateral teeth; and 
L. politus Parisi which is known to us only from Sakai's plate (1922, Sci. Rept. Tok. Bun. Daig. B) which shows a fronto-orbital margin not one quarter of the greatest width of the carapace, the anterolateral margin smoothly continuous with the posterolateral margin, and no lateral spine. None of these species agree with the present material.
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          The Geological History of New Zealand
        

        
(with reference to the origin and history of the fauna and flora)


by 

Charles A. Fleming, New Zealand Geological Survey

        

          
In an attempt to fulfil an oft-repeated request for a contemporary palaeontologist's views on the geological and biogeographical history of New Zealand I am writing something on this subject without looking up a single reference. In this way I may be able to give some idea of the feeling of at least one geologist-biologist of today (1948) on a subject so strewn with pitfalls that none of those who so freely criticise the attempts of previous generations have as yet come out into the open to give us their own version.

          
Few have tackled this subject since 
Frederick Wollaston Hutton, who was a pioneer biologist over a wide field, a geologist, and palaeontologist. His ideas are still given at the universities. Then we have contributions by the geologist Dr. 
P. Marshall; he tended, like everyone else, to interpret the story to fit his ideas of N.Z. geology. Such views as the mainly autochthonous nature of the N.Z. fauna, springing from Cretaceous ancestors were not based on critical palaeontoäogy, and were used to support geological theories as to the absence of breaks (unconformities) in the Cretaceous-Tertiary record. Speight, primarily a geologist, tended to lean heavily on biologists when he felt inclined to build land bridges. Benham, who would change the face of the globe for an earthworm, has built bridges on the plan of his master Beddard, and leaned in turn on the geologists, who vouched for their plausibility. Chilton's discussion (Subantarctic Islands of New Zealand, 1909) shows that the “Antarctic Continent theory” was constructed like an elaborate house of cards, an imposing edifice of unstable walls, each leaning for support on another equally weak.

          
Oliver's paper on the Biogeographical Relations of the New Zealand Region (1925), is a pretty sound assessment of the affinities of the flora and fauna, but it was not well correlated with geologic history. Prof. 
R. S. Allan prepared a paper for a symposium on this subject, given in Christchurch two years ago with Dr. 
R. A. Falla (animals) and Dr. 
W. R. B. Oliver (plants), but it is not published. Dr. 
J. Marwick published papers on the Origin of the Molluscan Fauna of N.Z., and on the Indo-Pacific element in the N.Z. Molluscan Fauna, and some of his conclusions have stood despite the advances of the last 20 years. Cockayne's history of the N.Z. flora was a noble attempt at correlation with geology. Some of his geological theory (such as the Peistocene elevation as a cause of glaciation) would not be held today. I need not itemise specialised attempts based on single genera or groups.

          
I have probably left someone out above, but it all boils down to this: the geologist, aware of the imperfection of his evidence and of

          

            
* See Editor's Note on 
p. 90.

          

          


          


[image: Fig. 1. Table of divisions of the New Zealand Cretaceous and Tertiary. The succession of series and stages has been established for actual sediments and fossil faunas represented in New Zealand; the probable correlation with the divisions of geological time in other parts of the world is indicated in the fourth column. Reproduced with permission from Finlay and Marwick, N.Z. Journ. Sci. Tech., vol. 28, p. 229, 1947.]
Fig. 1. Table of divisions of the New Zealand Cretaceous and Tertiary. The succession of series and stages has been established for actual sediments and fossil faunas represented in New Zealand; the probable correlation with the divisions of geological time in other parts of the world is indicated in the fourth column. Reproduced with permission from Finlay and Marwick, 
N.Z. Journ. Sci. Tech., vol. 28, p. 229, 1947.


past wild theories, is cautious of generalising, and the specialist biologist seldom knows the geological evidence with its uncertainties. Part of the trouble has been that there wasn't any “geology” for them to know. Most organisms underwent a lot of development, range changes, etc., during the Tertiary, and that is the part of N.Z. geology which has advanced tremendously in the last quarter century, through the application, first of molluscan palaeontology, by Dr. 
J. Marwick, and latterly of Dr. 
H. J. Finlay's foraminiferal work. This palaeontological work



has had to go hand in hand with stratigraphical work, but it provided the time-scale upon which the deductions about the structural development of N.Z., were based. Much is unpublished. It is essential to have some knowledge of the geological time scale, particularly of the succession of New Zealand Cretaceous and Tertiary stages which are more important to us than the approximate correlations with the standard divisions, Miocene, Pliocene, etc. (See. fig. 1.)

          
There is no need to say much of the geological history prior to the Mesozoic as there is probably not a single living organism in N.Z., with fossil ancestors in our Palaeozoic. Palaeozoic marine faunas were fairly similar throughout the world; provinces are recognized, with some endemism, but, in general, the succession here, imperfect as it is, shows changes parallel with those elsewhere, suggesting, that, in general, the Palaeozoic world was almost Wendel Wilkie's dream … one world.

          
Much the same can be said of the earlier Mesozoic. Our Triassic and Jurassic fauna and flora are quite close to those of, say, New Caledonia, East Indies, the Himalayas, Mediterranean, and the Arctic. We have some endemics, but no typically “Neozelanic” living organisms have ancestors in our Trias and Jurassic, unless the Waikato Heads Jurassic Dicotyledon, Arber's 
Artocarpidium, is related to a living genus. In the Triassic and Jurassic, a deep, wide, linear trough (“geosyncline”) was present on the position of N.Z., running from the Nuggets, Otago, in a sinuous line across Canterbury and Marlborough, up the North Island to Kawhia and North Auckland. It was a gradually sinking basin, a down-fold, and from what we know of such structures, was almost certainly parallel to a welt, a rising mass of land, which is believed to have been west of the geosyncline. Possibly there were other welts; probably too, the structure was bigger than present N.Z., stretching N.W. and S. to form, perhaps, at times, land connections, or island arcs towards New Guinea … we don't know, but what I have said above makes it unlikely that Trias-Jura paleogeography has 
much to do with our modern biota; perhaps the tuatara (
Sphenodon) could have arrived then. The Trias-Jura period of sedimentation closed with orogeny and uplift of the sediments in the trough, a frequent tendency for what has gone down to go up, like a stationary wave. This is the time (
Early Cretaceous) when most bridge builders have tied us up in all directions, and with much excuse. But modern views on the mechanism and pattern of deformed geosynclinal areas would not allow us a “continent” such as many have asked for. N.Z. rocks have never included what are grouped as “continental” deposits; red beds indicating deserts, gypsum and salt deposits; this suggests that we have always had an insular climate of the west-wind belt, and never land of such dimensions as to allow rain-shadow deserts to form in the lee of mountain ranges. Still, we haven't much when it comes to arguing about what was happening out at sea; here in N.Z., uplift of the Trias-Jura geosyncline in the Cretaceous must have amounted to many thousands of



feet, slowly of course, with erosion taking it off as it came up, but it doesn't take many thousands of feet to make a mess of the ocean floors. So you could have outside connections then if you wished, but keep them on lines of the known ocean-bottom ridges. What might have come? 
Sphenodon, as I've mentioned, the ancestors of the moas, kiwi, the N.Z. frogs, 
Leiopelma, some of the slow-evolving primitive invertebrates (e.g., 
Peripatus) and the ancestors of the present endemic, or slow evolving, plants. Re the latter we should eventually have some information from pollen, supplemented by leaf and wood studies.

          
When the geological record recovered from the blow of the post-Jurassic orogeny—which caused a big lacuna in the lower Cretaceous—we find quite a lot of changes, geological and biological. The pattern of the folds, welts and troughs, that later developed, was finer than before; instead of a broad trough some hundreds of miles wide and thousands long, the folds are narrower, short, interfingering, branching. The welts, which would tend to be land, were similarly small, so we are justified in thinking of post-Jurassic New Zealand as being, what it is now, archipelagic in its geography. Changes in the disposition of sea and land were relatively frequent, and were on quite a large scale, the troughs were locally relatively deep, although they became filled with sediment as they sank, the welts rose correspondingly great amounts, locally, but if composed of lately deposited sediment they would erode quickly. A kind of writhing of this part, presumably also other parts, of the Pacific margin, seems to have gone on. I may interpolate that this condition of a changing archipeligo is one that would encourage “speciation,” i.e., the formation of two or more species by successive invasions, re-invasions, or back-invasions of stock from one island to another, and this would account for genera with a multitude of species, and for species in which complete physiological isolation (in the sense of Dobzhansky and others), preventing interbreeding, had not been attained when the two daughter stocks came together again, so that they “hybridised.” It may be convenient to discuss the inferred palaeogeography step by step, before discussing the evidence of fossils.

          
The Upper Cretaceous sea washed the east coast of the South Island and the coastline, a fluctuating one, ran obliquely through Otago, up through Canterbury, separating areas of intermittent marine deposition to the east (perhaps progressive sea advance from this direction would be better) from an area of land, with intermontane basins, lakes and swamps, separated by mountains, to the west—over Westland and Nelson, and parts of Otago. In the North, sea occupied the strip from East Wellington to East Cape, and much of North Auckland, and we have little to reconstruct the land from, though it must have been on one side or the other of the strip of sea that received sediment. Most people would extend the Westland land, known definitely from its coal-measure record, to the north-west of the Cretaceous sea areas,



but this problem of constructing land from our known areas of sea is one that constantly crops up. Certainly no one pattern applied to all the divisions of the Upper Cretaceous. The oldest beds (Taitai), are confined to the eastern strip; the Clarentian is present from Marlborough up to Bay of Plenty, and again in parts of North Auckland; the Piripauan is more extensive, from Otago (south of Dunedin), up to Bay of Plenty, and in many parts of North Auckland, and reaches further inland in Otago-Canterbury. The Teurian and Wangaloan, uppermost Cretaceous stages, are less widely recognised within the same area, and there is a chance that even in the area outlined shoals and islands may have existed, breaking up the area of ea. Our Paleocene and Early Eocene, only lately recognised, have not been fully enough mapped to base conclusions on, but they seem to have followed the Cretaceous basins of the eastern and northern areas. Quartz beds (sands and gravels) and leached light sediments at this time suggest that the land was of low relief, peneplained, and that orogenic movements were slowed down for a while (Macpherson, 1946).

          
The middle Eocene (Bortonian) marks a spread of seas over much of the area known or surmised to have been land previously; further inland in Otago, inland Canterbury, much of Westland and Marlborough, but still, apparently, only in eastern and northern North Island. Some believe, with good reason, that this mid-Eocene sea crossed the South Island to link the deposits now known at Broken River (inland Canterbury), and Westland, others, that a central axis persisted. The later Eocene, Kaiatan, and Runangan, saw the formation or growth of deep, somewhat localised troughs in some areas which were filled by fine sediment, carbonaceous in Westland and parts of North Auckland and Nelson, pale, perhaps deeper offshore sediments in Marlborough. The Kaiatan sea spread over coal measures in the Reefton-Murchison area which had apparently escaped the Bortonian transgression. There is no upper Eocene in the east coast, North Island, area, which apparently emerged temporarily.

          
The Oligocene Whaingaroan Stage saw a widespread transgression of the sea on to areas previously land. It advanced over Southland, persisted in Otago, Westland, Canterbury and Marlborough, Nelson and the Sounds, Wellington Province east coast to Hawke's Bay, if not further north, and advanced over the western North Island (we don't know from what direction), to cover at least the Taumarunui-King Country area, the Waikato basin, and much of North Auckland. In many of these areas coal below the Waingaroan beds testified to the land surfaces (probably upper Eocene) that were covered. You may ask, was any of New Zealand left? Well, the answer is that the Whaingaroan sediment must have come from somewhere, though it may have come from some distance, as it is generally fine in texture, and extensive limestones, lacking much detritus, were among its 
sedi-



ments. We know that there were volcanic islands in the Oamaru district, and there were other areas, in or close to, the limits of New Zealand, that were emergent (central Otago, Ross, parts of Nelson).

          
In the succeeding Duntroonian and Waitakian stages, marine deposition continued with interruptions locally, temporary emergences, at least to shoals; limestones were deposited locally, and, it is believed, further transgression of the sea occurred in the Otago area, into “Central” Otago.

          
The upper Oligocene, Otaian to Awamoan stages, saw a recession of the sea from a number of areas. There were quite a few places where extensive Otaian beds were deposited, and Hutchinsonian seas still occupied parts of Westland and Otago, but Awamoan deposits are distinctly limited. The period (the Pareora Epoch) saw the withdrawal of the sea from the whole of the North Island, from Southland, Nelson and many parts of the South Island, even if the withdrawal was only temporary. In North Otago, where sea remained, coarser sediments bespoke increasing relief, inferred to be to the west, and the temporary withdrawals everywhere, or almost everywhere, attest a phase of mid Tertiary mountain-building. In most of Otago and parts of Canterbury, the sea withdrew after the Awamoan, and has not been back since. How large an area was exposed by this post-Awamoan or Awamoan withdrawal of the sea, perhaps better, elevation of the land, we don't know, but in many areas the sediments that would be exposed by such a movement were soft and would be readily washed away. I say this lest it be thought that this fairly widespread elevation, even if, as seems likely, it was of short duration, could have meant a land-bridge. It is certainly a good time to put one if there were evidence for it, and there were notable incomings among the mollusca and foraminifera at this time and a bit later. We know little of the Tertiary history of the New Caledonia ridge, except that that island has apparently been out of the sea since the Oligocene. Possibly, then, this late Oligocene pulsation of the New Zealand part of the Pacific margin could have opened fresh paths for immigration of certain organisms from the north. But not a continuous land bridge, mark you, or we would have a plague of snakes and mammals.

          
Very soon after the momentary shudder described above, the sea transgressed again over many parts of New Zealand, to deposit rocks of the Southland series. From now on, we feel, there is more justification in trying to draw shorelines; the structures that then determined land and sea are in some way related to the structures that now separate high range from lowland, land from sea, though increasing confidence is, of course, gained as we approach our own time.

          
The early Miocene Altonian sea lapped parts of Otago, but did not go far from the present coast; it flooded the Waiau depression of Southland; it was widespread in North Canterbury and Marlborough, in Westland, and in Nelson and the Murchison area. Possibly the



main axis, the mass of Otago and the line of the Alps were by now delineated, as a pretty low, not highly mountainous, land. In the North, much of the East coast was flooded, certainly in an area east of a line projected through Masterton and Takapau; Altonian seas covered many parts, if not the whole, of the area west of Taumarunui north across North Auckland Peninsula, where the sediments are believed to be derived from a land to the west of the present coast. A western land, of gneissic and granite rocks, west of the North Island, has been inferred from the nature of sediments at various times between the Triassic and the Pliocene. In North Auckland, volcanoes broke out at the end of the Altonian, forming extensive deposits in the Waitakerei Range, at Whangarei, Great Barrier, and Coramandel, possibly also to the south; and it is almost certain that much of North Auckland, and further south perhaps to the latitude of about Raglan, emerged from the sea at this time, and was not again submerged for a long while, if at all. North Auckland thus has a fairly long history as land, but much of Otago is a bit older.

          
The Clifdenian sea followed the Altonian in parts of Southland (Waiau Valley), Westland, and elsewhere, and in the eastern part of the North Island and the central western part (Mokau River to King Country). The Lilburnian, however, is less extensively developed than the Altonian. The Waiauan sea advanced again locally, even on the margin of Otago, in the Waiau, in Canterbury (Oxford district) Marlborough, Westland and persisted through from the Altonian in the Eastern North Island. The Waiauan sea persisted in North Taranaki, inland to about Taumarunui at least, north to Mangapehi (south of Te Kuiti) and Taupo. It may have extended in from the Gisborne area to the Urewera … there is a blank in our knowledge there, but I think some Tertiary of about this age has been recorded from east of Waikaremoana. But nothing is known of any transgression to the north.

          
The Tongaporutuan stage saw a southward retreat of the north coast of the big King Country to North Taranaki “bight” which had had a long history as sea; the coast must have been out at sea north of about Raglan, and have swung in to the King Country, thence south inland of the headwaters of the Wanganui River, perhaps then obliquely south to the Wanganui, then S.W. to Cook Strait. On the east, the sea occupied much of the East Cape to Palliser Bay area. But there were probably at times small islets in both the eastern and western seas. Land between these seas is inferred to have crossed Cook Strait, and to have occupied much of the central axis. In the south, Tongaporutuan seas were persent in Marlborough and N. Canterbury but are not known elsewhere in Canterbury, nor in Otago. In Southland, the sea still occupied the Waiau depression, and, what is more, flooded eastern Fiordland, i.e., the area between Lake Hauroko and Port Craig (western Southland), which had previously been emergent to some extent. On



the west, Tongaporutuan seas continued to occupy parts of the foothill-lowland area of Westland, and flowed well in to the Murchison basin, which had a rather violent period of geosynclinal sinking, as an inland basin in which thick estuarine beds, including coal, were deposited.

          
All this Miocene time, there were oscillations caused by orogenic movements everywhere; upfolds would emerge as island arcs, with fluctuating shorelines moving back and forth, straits and embayments would be formed and shortly be closed again, and we are far from being able to draw exact shorelines. Volcanoes are known to have been active in the Altonian of N. Auckland; in the Tongaporutuan of the Mokau area, probably from centres now out to sea; and at the same period, roughly, other volcanoes affected the east coast area near Hawke's Bay: these also may have been outside N.Z.'s present boundaries, or may have been early eruptions from the Taupo area.

          
The Kapitean (latest Miocene), was a period when the sea occupied much the same area as previously. There may have been further retreat in North Taranaki, but the main interest in Kapitean palaeogeography, however, is the transgression over the middle parts of New Zealand which introduced the great Pliocene depressions. Thus there is Kapitean over the East Cape peninsula as far as about Te Kaha in the Bay of Plenty; the sea came from the west right up to the shores of Taupo, perhaps further, and the sediments preserved show no sign of vulcanism so that all the volcanic rocks of that area are Pliocene or younger. Possibly a strait or straits formed across the Ruahine-Tararua axis at this time, or a little later. Certainly in the Opoitian there was further transgression over the North Island axis and for the first time since the Altonian, the sea bit into the Auckland Peninsula near Waikato Heads. The same areas were still flooded in the South Island, but there is evidence, from the estuarine nature of deposits in the Waiau, and in North Canterbury, and from coarser deposits locally, that the land areas were rising.

          
In the Waitotaran, I would say that North Auckland began to take its present shape. The sea flooded the Manukau lowlands, perhaps formed a strait through the peninsula, and possibly many other “lowlands,” such as the Kaipara, the Thames Graben, and Waikato Basins had been formed. By now, the Western Bight of Taranaki had dwindled, but the coast still went from about New Plymouth across to Raetahi, then flowed through a strait between islands into Hawke's Bay, and extended over the whole of that province, reaching up to Waikaremoana. The South boundary of this ancestral Cook Strait is hard to define; the Ruahines stood up as an island; so did the Tararuas which were probably linked to Marlborough. Possibly the coast was somewhere north of Nelson-Marlborough, swinging up to the Manawatu Strait, and then south through a maze of islands and shoals to Masterton and Palliser Bay. In Marlborough-North Canterbury the seas were becoming restricted between growing islands, and the Kai-
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kouras
 were rising rapidly. Nelson was emergent, but Westland was still lapped by seas which did not for a while show much evidence of the growth of the Alps. The area now occupied by Canterbury Plains was a shallow sea, receiving the debris from the rising Alps. In Southland, the fairly narrow trough that had lasted throughout the Miocene in the Waiau basin, was now filled with estuarine and fluviatile deposits, and the sea withdrew (see fig. 2).

          
The Nukumaruan of the North Island is confined to two basins, one on either side of the mountain axis (but it was not then mountainous) but connected by a straight at the Manawatu Gorge (which was not then a gorge). The western bay extended from Waitotara to Hunterville, to the Gorge, and thence S.W. to the enigmatical southern shore. On the east, the sea covered Hawke's Bay south of Mohaka, extending between eastern islands to near Pahiatua, and thence east to Castle Point. There was also sea in the lower Wairarapa, but most of Marlborough was emergent, the limited areas of sea still persisting receiving ever-increasing amounts of coarse debris from the growing mountains. The Waitotaran seas of Westland were now abruptly succeeded by advancing deltas of the gravel-bearing rivers coming off the rising Alps. In Canterbury, accumulating gravels from the same source estuarine at first, pushed the sea away from the range front. In the North Island, acid volcanoes became important.

          
In the Castlecliffian little of New Zealand was submerged; the sea occupied restricted parts of the two Nukumaruan basins, one bordering the coast from Wanganui to Marton and Palmerston, the other close to the southern shores of Hawke's Bay. We are now approaching the climax of the Kaikoura mountain-building movements which started well back in the Miocene … and when mountains rise, marginal areas frequently sink, or segments become down-warped or faulted. The Bay of Plenty, of which the earlier history is buried below later volcanics, had a marine phase near Whakatane at this time, and a “rift-valley” across the East Cape was also flooded. Other lowlands, similarly formed, were too close to the source of debris from the mountains and volcanos to let the sea make any headway against the piling up of land-derived debris. The great Ignimbrite eruptions of the Taupo and Bay of Plenty area date from the Castlecliffian, and the early pumice-dominated alluvium may be coeval. Thus old pumice deposits filling the Waikato basin, the Thames depression, the Bay of Plenty, and veneering much of the Hawke's Bay lowland, and such lowlands as the Waipaoa of Gisborne, date from this period, also the extensive older sands of North Auckland. In the south, without pumice and marine fossils to date deposits, we know no beds that are certainly Castlecliffian. Possibly the coasts were everywhere outside the present shores.

          
The Hawera series, the post-Castlecliffian rocks that are believed to be Pleistocene, are the deposits of coasts that everywhere lie roughly
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parallel to the present ones, formed during the fluctuations of sea level. Such fluctuations in the Northern Hemisphere, and elsewhere, were related to glacial withdrawal and release of water from the sea. No precise correlation between glaciation and sea-levels has been made in N.Z., as yet. The advances of the sea became steadily less, and the intervening withdrawals were in the order of 300 ft., so that it can be deduced, roughly, what islands would be linked with the mainland at such times. Cook Strait, I should have said, seems to have been breached at the climax of the Kaikoura movement, i.e., before the Hawera. The bottom of Foveaux Strait could easily have been exposed at each glaciation, and high level seas of the interglacial periods carved the level tops of many small islands. It must be stressed that although the Kaikoura orogeny preceded the glaciation, no contemporary geologist (to my knowledge) considers that glaciation was 
caused by a general great elevation of the land.

          
Volcanoes were abundantly active in Hawera times. Egmont, Tongariro, Ruapehu, and other andesitic cones succeeded the rhyolites of the Castlecliffian, and there were further rhyolitic eruptions too, in the central area. It is not known what precise age the Banks Peninsula volcanoes are, other than post-Miocene, pre-Hawera, likewise the Otago volcanoes. In N. Auckland there is virtually no stratigraphic tie-up to date the older volcanoes, but the later ones are Hawera and post-Hawera.

          
You will have gathered from the above account that there is a lot we don't know, and that there were plenty of changes in the disposition of land and sea. The significance of these complex geographical changes to the faunal history is not always clear. Obviously, a changing and relatively isolated archipelago is favourable to race and species formation and to adaptive radiation, among the descendants of colonising stocks, especially if geographic isolation has the essential function in evolution attributed to it by Ernst Mayr and others. Actually there is a notable scarcity of groups that have radiated adaptively; although an “old” archipelago, New Zealand has no equivalent to the Drepaniidae (sickle bills) of Hawaii or the Geospizinae (Darwin's finches, Lack 1946) of the Galapagos in its bird fauna. The nearest approach is the “family” Callaeidae, containing the Huia, Saddleback, and Wattled Crow, which may be but the remnant of a group evolved in New Zealand from ancient stock derived from ancestors of the Australian Apostle Birds. The genera 
Nestor (Kaka and Kea), 
Xenicus (New Zealand Wrens), and the 
Mohoua-Finschia complex (Yellowhead-Creeper) are other small groups that may be the result of the same process. Geographic races of some littoral mollusc genera were more common in the past than they are in the Recent fauna (
Pelicaria, Austrofusus) and it is a tempting analogy to suggest that groups in the terrestrial flora (e.g., species of 
Coprosma) and fauna (e.g., genera and species of Moa) underwent active geographic speciation in the Tertiary. The role of Pleistocene distribution changes has usually been



underrated, e.g, the vigorous race-formation in 
Paryphanta dates from post-glacial recolonisation of the South Island mountains, and not from the Miocene as Powell originally suggested, and much of the local endemism among alpine plants must have developed since the Pleistocene. But before I pass on to the biota, I must give you some supplementary notes on the outlying islands, and on climatic changes.

        

        

          

Islands:

          
We know little about the Kermadecs, except that since they last arose as volcanic islands from the sea they have not been linked with New Zealand, or elsewhere. Three Kings: probably land-linked in late Tertiary, then isolated, and never again joined. Other “islands” at North Cape and Houhora have been joined by sand bars perhaps at the time (? Castlecliffian), when much rhyolitic sand was supplied to the Waikato. Some of the coastal islands were probably once landlinked; others have been submerged in Pleistocene times; others, in the Bay of Plenty, have arisen from the sea as volcanoes. Chatham Islands have had a lengthy history. Some land was probably there in the early Eocene, in the Oligocene, and in the Pliocene, at all of which periods there are littoral deposits. I do not know of any reason why they should have been joined to New Zealand: their probable great age as land makes the development of flightless rails there from flying ancestors quite plausible. Similarly with the Subantarctic Islands: there was Cretaceous land at Campbell Island, then late Cretaceous to Oligocene submergence, and probably no land very close: in the early Pliocene vulcanism broke out and the island as we know it began to develop from the erosion and Pleistocene glaciation of a volcano. The Auckland Islands have a less full history: there was Tertiary land, volcanoes and coastline, Pliocene vulcanism and then quite strong Pleistocene glaciation while the group was already insular. Stewart Island: virtually nothing is known of paleogeography before the Pleistocene, when it was insular at every interglacial sea-level rise; possibly linked at glacials.

        

        

          

Climate:

          
Generalising, one may say that the upper Cretaceous may have been cool, parts of the Eocene warm-temperate, the Oligocene a little cooler; the Miocene tropical, with cooling in the Taranaki series, continuing in Opoitian and Waitotaran stages to a climax in the lower Nukumaruan, when subantarctic sea temperatures reached north to about 40 degrees S. lat. At the same time glaciation affected the newborn Alps near Ross and elsewhere. This may mean that our Pliocene-Pleistocene boundary is wrong and should go before the Nukumaruan, but that it is too big a question to tackle here, though it is an important reason for using the local N.Z. divisions of time and not the more familiar Pliocene, Pleistocene, etc. The Upper Nukumaruan was warm, perhaps as warm as the seas of New South Wales. A lot of warm



water forms became extinct in the early Castlecliffian and, though there are no cool-water immigrants, I think the lower Castlecliffian was fairly cool. This was the period of the big ignimbrite eruption, you will remember, and I like to correlate the older pumice deposits of the Manakau and Kaipara. Therefore it is possible that the cool flora lignites associated with pumice from Otahuhu and Kaipara (recently described by W. Harris), came from this period. The Upper Castlecliffian saw a return to warm conditions, as warm as North Cape, or warmer, in the Wanganui district. The climax of orogenic movement followed and if the climatic fluctuations mentioned above were accompanied by mountain glaciation, the evidence of it has been largely destroyed, or at least not recognised except for the Ross glaciation mentioned. At Wanganui, where the Castlecliffian sequence is preserved, it was followed by sea fluctuations representing two major sea advances which are probably interglacial, separated by inferred withdrawals which may have been glacial. This would correspond with the older Piedmont and the later Alpine Glaciations of the South Island, which are usually referred to by writers when they talk of the Pleistocene glaciation. Willett (unpublished), has plotted the glacial snowline for N.Z. Permanent snow, and glaciers, tipped the Tararuas, the N.W. Nelson mountains, and descended to about 3,000 feet at Stewart Island. At the Auckland Islands the snow-line was below 1,000 feet, and about 500 feet at Campbell Island. Under such conditions all vegetational life zones must have descended some 3,000 feet; or about one zone in Zotov's classification. Thus most woody vegetation must have left Stewart Island and none could persist in the Sub-antarctic: all that is there now must have come since. Big changes must have affected the plant communities of N.Z., and I would think that beech forest reached into North Auckland where it now persists as relict “islands” remaining after the post-glacial return of conditions favouring mixed forest, and kauri-taraire. I don't know whether the kauri could have maintained its present distribution, or whether it has advanced south since the glaciation, i.e., in the last 20,000 years. The pollen students will eventually elucidate the post-glacial vegetation changes.

        

        

          

Faunal Changes:

          
There is a great mass of information on the changes in the molluscan fauna, as yet scarcely adequately analysed. It is worth noting that molluscan distribution is fairly correlated with that of other marine organisms and that when we had, for instance, influxes of current-borne molluscan larvae from any direction, conditions would favour dispersal of drift-carried plants and animals from the same sources. Thus the molluscan changes may have paralleled those in other groups. Of course, if distribution was effected by migration along shorelines or more continuous shallows and islands than now, this would greatly expedite colonisation by land organisms.

          


          
Our Cretaceous fauna included marine, but not land, giant reptiles (Plesiosaurs, e.g.,
Mauisaurus, and Ichthyosaurs); the molluscs include some Australian types (
Maccoyella), and others of world-wide distribution (
Inoceramus, Buchia, Trigonias, and 
Belemnites). There are a number of forms which might fairly be considered ancestral to the modern N.Z. mollusca. For instance, 
Conchothyra is a gerontic ancestor of the Eocene 
Monalaria and the Oligocene to Recent 
Struthiolaria. Among the ammonites affinities have been drawn with other circum-Pacific areas, including Grahamsland, and Marwick has noted that the forms common to the Tertiary of N.Z. and South America date back to the Cretaceous in most cases. The uppermost Cretaceous Wangaloan fauna includes some endemic lineages ancestral to our Tertiary faunas, but others that are in beds of similar age elsewhere, suggest that communication, in one way at least, was not cut off. The Eocene faunas have many typically N.Z. forms, including lineages not previously recorded, that must have arrived by migration. There is a handful of genera with affinities in the Eocene of other regions, e.g., 
Speightia (S. America) and Aporrhaids like 
Dicroloma. The Oligocene faunas are richer, and there are quite a few genera in the later Oligocene that have an Indo-Pacific aspect (e.g., 
Bathytoma). There is no doubt that much in-migration from the north, or perhaps from the west, occurred, but precise determination of the source of such immigrants is hampered by the scarcity of Oligocene beds in other S.W. Pacifice areas, e.g., most of the molluscan faunas of Australia are post-Oligocene. I mentioned the fairly general sea withdrawal at the end of the Awamoan or a little earlier. The next sea transgression (Altonian), brought substantial numbers of immigrants from tropical seas, of Indo-Pacific aspect (e.g., large foraminifera). This may have been assisted by the existence of shallow water migration paths, and must have required a southward advance of warm seas or the colonists could not have survived. But, with regard to possible land bridges, many, perhaps all, of the in-comers had larvae capable of long distance current transport so that there is no strong case for shore-line migration. They included 
Cypraea (cowries), 
Conus, Spondylus and 
Aturia (an extinct nautilus), which had been present earlier and re-invaded now, and many types now characteristic of tropical seas. There were no reef-building corals although temperatures must have approached those necessary for them; perhaps too much detritus entered N.Z. seas for the reef-builders.

          
The rich Miocene faunas did not persist to the Pliocene. Although the trends have not been fully analysed, they suggest progressive extinction of both autochthonous types, including as such those genera with early Tertiary ancestors, and of later immigrants. Nevertheless, there were continued immigrations from outside dribbling in through the late Miocene and early Pliocene suggesting the result of chance transport to an insular area. Some were, perhaps, of Australian 
deriva-



tion; others came directly from the north, e.g., 
Waitara, a gasteropod of Japanese affinity, arrived in Tongaporutuan, and other N. Pacific genera in Opoitian; 
Zethalia (Indo-Pacific), in Waitotaran. I have elsewhere implied that southern cool seas crept up the east coast of the South Island in the lower Nukumaruan: this coincided with the extermination of a number of warm water types that had survived from the early Miocene or earlier (
Olivella, Polinices, Ostrea ingens, etc.), and it brought a number of southern forms, but not many, perhaps because migration was difficult and because most of the shells we know as southern forms are now rock and kelp dwellers seldom preserved in the fossil record. Not all, by any means, of the warm water types were exterminated, and, when warm water conditions returned in the Upper Nukumaruan, they flourished (
Eumarcia, Pedalion, etc., with perhaps a few re-immigrant warm water types, 
Pterochelus, etc.). When the cooling of the lower Castlecliffian exterminated so many of these forms, few took their places; but, with the upper Castlecliffian amelioration, quite a host of forms of Australian derivation (
Xenophalium, Anadara, and others), and some from the north (
Zelippistes, Pterochelus zelandicus), came in. The Eastern Australian current (Notonectian), is believed to be the dispersal mechanism for the west Tasman immigrants, and has continued to bring them till Recent times. Northern N.Z., perhaps, receives some drift direct from the north. Some of the Castlecliffian immigrants did not survive the later coolings (
Anadara, Leucotina); others survived in North Auckland only (
Pterochelus, Zelippistes), and there were doubtless extensive range changes during the later glacials although, perhaps because of the persistent Notonectian current, these have not left such a mark on the fauna as earlier changes.

          
Summarising, we may say that a nucleus of our molluscan fauna dates from the late Cretaceous; that there have been substantial additions and subtractions at various times through the Tertiary, particularly of Indo-Pacific types with a maximum influx about Altonian, and of some Australian forms, particularly in the late Pliocene; and that climatic fluctuations moulded and sieved the fauna in the latter part of the record, accompanying, it may be added, the development of the present faunal provinces.

          
What happened on land? Until the fossil botany has been unravelled, in close co-operation with stratigraphers to allow correlation with the marine record, it would be folly to guess. We don't know the precise age of the fossil coconuts which Berry thought to be Pliocene: probably they are older and thus among the oldest in the world. The pollen workers tell me that 
Nothofagus and Podocarp genera have a lengthy history in our coals which is not surprising. It will be interesting to find what 
Nothofagus did in the Altonian when the surrounding seas were warmed up. The absence of all record of a land fauna from our not inconsiderable coal measures, estuarine gravels and littoral deposits, surely cannot indicate that there was no land fauna. The



earliest moas are Nukumaruan, and no early Tertiary bird faunas are known except the marine penguins of Eocene to Oligocene age. I have already noted how the archipelagic history of N.Z. may have influenced the moa speciation; that was also Hutton's idea. By the time we get extensive bird faunas, in the late Pleistocene or early Recent, Moas are diversified; there are endemic flighless rails such as 
Notornis and 
Aptornis derived from types that flew here before they lost their flight; and the goose, swan and other birds, the derivation of which from Australian types can be deduced. Later, continued sporadic colonisation from Australia has occurred and still occurs, a curious significant parallel to the mollusca where the record is better documented. Doubtless the endemic N.Z. birds are only remnants of the Tertiary fauna, and fairly ancient derivation is suggested by the affinities of some: the Blue Duck with a New Guinea relative; our wrens with the Indo-Australian Pittas; the thrush with a Javan form (
R. A. Falla); the Crow with the Australian Apostle Bird; etc., etc. But many forms (Tits, Robin, Bellbird, Stitchbird, Fernbird), can be clearly derived from Australia quite lately; and others (Pukeko, Pied Stilt, Herons), might have arrived in human times. Some suggest derivation from the north rather than from the west, a further analogy with mollusca; and to complete the analogy there is a host of oceanic forms that are Subantarctic in derivation, comparable to the rock and kelp-dwelling molluscs that have come to N.Z. at various times, but chiefly in cool periods of the Pleistocene and late Tertiary.

          
In general, from consideration of the groups I know, I would put N.Z. organisms into several categories:

          
(1) A small number of extremely endemic forms that must have had a long history here since the Cretaceous; the mollusc 
Struthiolaria, the lamprey, tuatara, N.Z. frogs, kiwis, moas and the beeches (
Nothofagus), to take examples from several groups.

          
(2) A larger number of subsequent migrants either from the north or from Australia, which have undergone varying degrees of differentiation according to the time when they arrived (many molluscs, some lizards, wekas, tomtits, the plants 
Xeronema and 
Meryta. Placostylus among land molluscs is a typical northern element).

          
(3) A substantial number of late immigrants from the same two general sources; many molluscs, perhaps some lizards, the sea-snake and turtle (which have not colonised permanently) many birds such as Pukeko, White and Reef Herons and the Silvereye, and 
Pisonia and other plants. Perhaps 
Meryta and 
Xeronema should come here rather than in (2).

          
(4) A number of more or less circumpolar types whose derivation is by the west wind, the west-wind drift, or by the birds of this zone; the marine Algae 
Durvillea and 
Macrocystis, kelp-dwelling molluscs, seals, penguins and many petrels: kowhai, korimikos, bidibids,



and some grasses; many invertebrates. Many of these are of late derivation, but some show evidence of more ancient origin from this source which has doubtless been a repeated influence (endemic penguins, some petrels, plants). It is hard to say in some cases whether N.Z. was at the giving or the receiving end (
Hebe elliptica, etc.). 16th April, 1948.

        

        

          
[
Editor's Note: Early last year, over lunch-time coffee, a Wellington biochemist persuaded a Wellington palaeontologist to record some contemporary ideas on the geological history of New Zealand and its inhabitants for circulation and discussion among a restricted group of research workers. The resulting document is of general interest to local biologists since it summarises published and unpublished geological and palaeontological information not readily accessible to most students. The writer, Mr. 
C. A. Fleming, has allowed us to publish his essay in its original form, as a letter. More formal presentation as an article would not be possible owing to the great deal of expansion and documentation with reference that would be entailed.]

        

      








Victoria University of Wellington Library




Tuatara: Volume 2, Issue 2, July 1949

To a Tuatara Alive in My Hand



        

          
To a Tuatara Alive in My Hand
        

        

          

            
Thou reptile, ancient in this land
          


          

            
For ages ere the Maori came;
          


          

            
You well deserve your zoologic fame,
          


          

            
For here, in all the world, you took your stand.
          
        

        

          

            
Resisting evolution's mighty flow,
          


          

            
While mammals rose and had their day,
          


          

            
Where once you reptiles everywhere held sway.
          


          

            
How, but for you, should we the Mesozoic know?
          
        

        

          

            
Saved from those mammals, all too predatory,
          


          

            
Retreating still, you now have found
          


          

            
Alone with friendly birds, beneath the ground,
          


          

            
At last, an off-shore island sanctuary.
          
        

        

          

            
Oh Tuatara, you may yet survive in peace,
          


          

            
When all man's glories and his struggles cease.
          
        

        

          
—

Karl P. Schmidt.

          
            (Chicago Natural History Museum)
            


            At Karewa Island, Bay of Plenty, N.Z.
            


          
          January 28th, 1949.
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          The Tuatara
        

        
by 

W. H. Dawbin

        

          
As the name of this journal is that of one of New Zealand's most unique animals, it is time that a few remarks on the tuatara itself were included. Although the tuatara now appears to be absent from the mainland, it is stated that it formerly occurred in a number of localities in the South Island especially the banks of the Waimakariri River. Some have been collected in the Wellington district and in an account by Newman in 1878 it is stated that four had been taken from Mt. Victoria thirty years previously, two from Hutt Valley, and several from Makara in 1864. One of the effects of Maori and then European settlement in New Zealand has been the disappearance of the colonies on the mainland, and the tuatara is now confined to a number of outlying islands north of Auckland, in the Bay of Plenty and in Cook Strait. Those known in 1935 have been listed by Dr. Falla, and more have been found since. One of the most famous localities is Stephens Island about two miles north of D'Urville Island. Here the tuataras are fortunately still present in abundance.

          
During a walk at Stephens Island in daylight there may be few signs of tuataras unless it is sunny enough for them to bask in the warmth at the entrance of their burrows. Even then, the first indication of their presence is usually the noise of a quick scuffle, and in turning to the source of sound one may be in time to see the disappearing tip of a tail. Anyone who catches a glimpse of the rapid movement will immediately lose any preconceived ideas about their sluggishness. It is a curious fact that almost every account of the tuatara mentions its “sluggishness,” a statement probably due to many observations of its long periods of immobility. A stealthy approach towards an occupied burrow may allow a closer inspection of the tuatara before it disappears.

          
Those seen at burrow mouths in daylight are usually fully grown, and their general appearance is fairly well known. Their size appears to be less well known. Adults are approximately two feet in length and two lbs. in weight, although some may grow larger. Nearly half of the total length is made up by the rather massive tail, which like that of lizards, is capable of regenerating after a break. Quite a number of tuataras at Stephens Island have obviously regenerated tails of varying lengths. Along the mid-back of adult animals there is a fold of skin fringed with large softish spines or scales, which gave the tuatara its early English name, Fringe-back lizard. There is a shorter fold from the back of the head to the anterior part of the neck and both these folds can be raised as turgid, erect crests. The only specimens seen with them fully raised at Stephens Island, were some found foraging at night. In daylight all the crests seen were lowered as in the animal figured. One writer (Thomas, 1890) has claimed that the



crests are more strongly developed in males, but the external difference between the sexes must be very small, as no foolproof method for separating them has yet been devised—excepting by the tuatara.

          
There is a range of colour variation in tuataras but most of it is due to the difference in brilliance before and after moulting. A freshly moulted tuatara is quite a striking olive colour with very distinct lemon coloured spots over all the body except for the dorsal side of the head. The colours lose their brilliance until it becomes an almost uniform brown before next moult. Buller, in 1877, proposed separating the genus 
Sphenodon into three species on the basis of colour differences but this has not been upheld, and all the tuataras are regarded as the one species 
S. punctatus (Gray, 1842). Dark brown wart-like spots are present on many specimens, but these projections are ticks (
Aponomma sphenodonti) about ¼ inch in diameter. They may be quite numerous, but their numbers are often exceeded by the much smaller red mites which may give the appearance of a red mould especially on the flanks. The latter were present even on the smallest tuatara examined.

          

            

[image: A two foot long tuatara at the mouth of its burrow in open coastal forest on Stephens Island.]
A two foot long tuatara at the mouth of its burrow in open coastal forest on Stephens Island.


          

          


          
Young tuataras are rarely seen in the open either by day or night, but during a search under boulders, they will quite frequently be found in an appropriate sized burrow under the protection of the rock. Very small specimens may be found in the spaces and crevices where they have sufficient room without the need to construct burrows. Smaller animals resemble the adults in shape except for their less clearly defined crests. One juvenile probably from this season's hatch was only a quarter of an ounce in weight in April and had no crest except for very slight projections at points along the back. The colour is different only in shade except for the presence of very distinct longitudinal stripes under the chin. Professor Dendy (1899) found the striped pattern especially marked during late development in the egg when the young are marked by longitudinal and transverse stripes of alternate grey and white, a pattern which is completely lost in the adult.

          
It is not until after dark that one can find tuataras away from their burrows and about in appreciable numbers. In most types of country from exposed bouldery ridges to the shelter of the rather open forest or tussocky slopes they may be seen, and one may occasionally hear their frog-like croak. Presumably they are in search of the beetles, wetas and snails that form the bulk of their food. The motionless pause near a large weta, followed by a dart which is too rapid to be clearly observed and then the audible crunching that follows, have been commented on by the lighthouse keepers. The common geckos and skinks have certainly been attacked and eaten by tuataras in captivity, so the smaller lizards are probably an occasional item of diet. There have been some records of tuataras eating dove petrel chicks in their burrows and Professor Thomas in 1890 stated that he had four times seen or captured tuataras with muttonbirds in their mouths at Karewa Island, Bay of Plenty. At Alderman Island Sladden and Falla found storm petrels with heads off possibly because the birds put their heads in the wrong burrow. However they point out that the number killed by tuataras is relatively small, and death by entanglement in branches is a more important cause of mortality.

          
The breeding season of tuataras appears to be late spring and early summer as egg laying has been observed at Stephens Island from September to November, and captive animals have laid during December and January. The eggs are a little more than an inch long and covered by a white parchment-like membrane instead of a firm shell. A clutch may contain up to fourteen eggs, all of which must mature at nearly the same time, as they are all laid within one or two days. The earlier searches for new-laid tuatara eggs were made in their burrows and proved fruitless until it was later found that the tuatara excavates a hollow in soft soil, deposits the eggs at the bottom, and after filling in the hole covers it with leaves. Professor Dendy's studies have shown that the eggs first develop comparatively rapidly during the summer, then development slows during April, after which “hibernation” occurs



during the winter months. Although it has been claimed that adults hibernate during the winter, the tuataras of Stephens Island are said to be active all the winter, especially on misty nights. Egg development is resumed again in the following spring. This “hibernation,” of a developing embryo within the egg is a very rare phenomenon, the only other case known being that found in the European water tortoise (
Emys orbicularis). Late in incubation, the egg swells noticeably until the parchment like shell becomes tense. The embryo develops a horny egg tooth on its snout (as compared with a calcified egg tooth in true lizards) and with this it cuts the membrane, commencing near one end and extending along the long axis round the other end to a point approximately opposite the first incision. This egg breaker disappears within a week of hatching. Hatching occurs in the summer approximately one year after the eggs are laid. The young which must burrow to the surface in natural conditions, are quite active shortly after hatching. Some which were hatched in England and studied by Prof. Howes (1901) were 3 inches long at hatching, had their first moult after 7 weeks, and had reached a length of 6 inches in four months. This appears to be the only available record of growth rate in tuataras and neither the time taken to reach maturity, nor their maximum longevity is yet known. Although fourteen years is the longest period of survival during captivity listed by Flower (1925) in his account of the longevity of reptiles, a tuatara has been kept by Europeans in New Zealand for 77 years and the specimen was believed to be very old when first obtained. Dr. Falla (1935) records a specimen which lived in a shell pit at Motiti Island and was said to have been known to the Maoris for 300 years.

          
The association of tuataras with one or other of the petrels in the same burrow has frequently been mentioned, as the commensalism of such dissimilar vertebrates is a rare occurrence. Probably the only closely comparable case is the association of the burrowing owl and the vizacacha (a large rodent) in the pampas of Argentine. There has been much discussion as to whether the tuatara or the petrel does the original burrowing. It seems clear that both make burrows. There is no possible doubt about the tunnelling of petrels in many localities uni-habited by tuataras, and it is equally clear that the very small well hidden burrows of the younger tuataras have been made by themselves. Older animals carry on excavation for egg laying and some writers state that they have observed adults burrowing. No doubt they also frequently occupy burrows constructed originally by the several species of petrel which breed in great numbers on the same islets. For much of the year tuataras can remain in undisputed possession, but in the summer months the petrels return for breeding. At this time tuataras have been found in company with the flesh-footed shearwater (
Puffinus carneipes), the mutton-bird (
P. griseus), the fluttering shearwater (
P. gavia), and other petrels. In most cases this association is apparently without ill effects to either of the dissimilar occupants except for



the few occasions when tuataras may devour a chick. It seems reasonably clear, however, that the association of bird and reptile is fortuitous, due to their proximity and similar needs for burrows, rather than to a particular preference.

          
While the habits of tuataras show many unusual points of general interest, it is the more fundamental problems that especially attracted the attention of zoologists. The pioneer studies, specially by Dr. Gunther, quickly showed that in spite of its external appearance the tuatara was not a lizard. Although most of its internal organs closely resemble those of a lizard, certain notable differences especially in the skeleton showed that it belonged to a different order for which the name Rhynchocephalia was proposed. This name means beaked head, and all its members possessed a small overhanging beak on the upper jaw. Other members of the group had become extinct long previously in other parts of the world, and the tuatara is the sole remaining survivor. One well known characteristic is the presence of a well developed pineal eye, the “third eye,” in the centre of the forehead. It is better developed in the tuatara than in any other living animal. Originally this eye was probably paired as the intensives studies by Prof. Dendy (1910) and other have shown that it is derived from the left side in tuataras, and the right in lizards. This suggests a more or less equally developed pair in their common ancestors. Although the pineal eye has a well developed retina and lens, anatomical studies showed that certain structures would prevent the formation of an image on the retina. It was believed that it might still retain the power of distinguishing differences in light intensity, but experiments by Dendy failed to show this, and there is evidence that the nerve supply to the pineal eye degenerates during life. In the skull there are two apertures or fossae completely bounded by bony bars in the outer layer of the hind region of the skull. This feature is found only in the Crocodilia among other living reptiles, but was quite common in many extinct reptiles including the numerous dinasours. Although there have been studies of many aspects of the anatomy and development of the tuatara carried out in many parts of the world from N.Z. material, there are related problems urgently needing study. In particular the physiology of this last survivor of a very ancient group of reptiles needs close study. The fact that Milligan (1923) found a lower metabolic rate in tuataras than that of any other vertebrate studied, shows that other very interesting findings might be expected from further work. It is fortunate that some at least of the present island colonies of tuataras are in a thriving state and should maintain the animal as a source of interest for biologists in the future.
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Changing Conditions and Plant Quarantines.

        
Since 1880 refrigeration has made it possible to transport living plants across the tropics, but they have been accompanied by the diseases which previous introductions of seeds had excluded. More than 500 fungous, bacterial, virus and physiological diseases of plants have been recorded in New Zealand. Of these 150 are endemic on native vegetation and 350 have been introduced. Some were brought in with nursery stock, in bulbs, corms, tubers, cuttings or other vegetative parts that were imported specifically for planting and propagation. Others have been introduced in vegetables or discarded vegetable refuse of visiting vessels, and the remainder probably in commercial seeds used in agriculture, horticulture or forestry.

        
Today we are in the era of air transport which permits transport of plant material, plant diseases and insects that could not survive the transport by the slower sea routes and we are faced with the danger of introducing such pests as the Mediterranean fruit fly, and new strains of parasitic diseases that are more virulent than those that are at present in the country. The position calls for a new approach to the problem of preventing further invasions of such scourges as the white butterfly, citrus canker, onion smut and other plant pests and diseases which have crossed the ocean to our shores in recent years.

        

          
—
J.G.G.
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          A Key to the Stictaceae of New Zealand
        

        


H. H. Allan.

        
The family is well represented in New Zealand, with a great range of forms, and the species limits are often obscure. No settled agreement has been reached by specialists and the present tentative key tries to steer a middle course between lumping and splitting. It has not been adequately tested in the field and criticisms from users would be welcome. Some of the rarer species are not keyed. A key to the groups recognised in the family was given on page 25 of “Tuatara,” Vol. 1, No. 3, and for the most part there is no difficulty in placing a specimen in its correct group.

        
The ecology of our species has been but little studied, partly owing to the lack of a satisfactory taxonomic treatment. The species are mainly forest members, epiphytic on trees and shrubs, and so far as is known showing little selective preference as to hosts. One of the most handsome and most common species is 
Sticta coronata, often attaining a foot or more across (fig. 34). The green upper surface, often with purplish patches, contrasts, especially in the wet condition, with the golden yellow undersurface. 
S. flotowiana (fig. 49) is also abundant, pale slaty grey when dry, with narrow deeply foveolate lobes. Similar is 
S. impressa (fig. 35) but with a blue-green algal constituent. The two stalked species 
S. filix (fig 32) and 
S. latifrons (fig. 48 represents a narrow-lobed form) are also frequent. 
S. psilophylla (fig. 51) is one of the commonest of the species bearing isidia, and 
S. aurata (fig. 50) with richly coloured surface is very striking with its copious golden soralia. It is often found on manuka.

        
In tussock-grassland the most commonly met with species is 
S. flavicans (with rather delicate thallus, yellowish when dry) but it is not confined to this habitat. On rocks 
S. crocata and 
S. mougeotiana (fig. 42) with dark coloured thalli and usually copious development of yellow soredia are often abundant.

        
Miss Adams has again kindly supplied drawings of a number of species. Reference to figures preceding fig. 42 are to those in “Tuatara,” Vol. 1, No. 3, where a glossary of technical terms may also be found.

        

          

            

              
	1
              
	Thallus lacking both cyphellae and pseudocyphellae (
Lobaria)
              
	2
            

            

              
	
              
	Thallus bearing either cyphellae or pseudocyphellae (
Sticta)
              
	3
            

            

              
	2
              
	Gonidia blue-green, thallus dark when wet
              
	
                
L. verrucosa
              
            

            

              
	
              
	Gonidia green, thallus bright green when wet (fig. 36)
              
	
                
L. adscripta
              
            

            

              
	3
              
	Gonidia blue-green, thallus dark when wet
              
	4
            

            

              
	
              
	Gonidia green, thallus bright green when wet
              
	15
            

            

              
	4
              
	Thallus under-surface bearing pseudocyphellae (Fig. 6)
              
	5
            

            

              
	
              
	Thallus under-surface bearing cyphellae (fig. 5)
              
	13
            

            

              
	5
              
	Pseudocyphellae yellow
              
	6
            

            

              
	
              
	Pseudocyphellae white
              
	8
            

          

        

        


        

          

[image: Legends to Figures 42 Sticta mougeotiana 43 S. argyracea 44 S. fuliginosa 45 S. weigelii 46 S. cinereoglauca 47 S. subcaperata]

Legends to Figures


42 Sticta mougeotiana


43 S. argyracea


44 S. fuliginosa


45 S. weigelii


46 S. cinereoglauca


47 S. subcaperata


        

        


        

          

            

              
	6
              
	Thallus lacking isidia or soredia
              
	
                
S. carpoloma
              
            

            

              
	
              
	Thallus with yellow soredia (fig. 15, 16)
              
	7
            

            

              
	7
              
	Thallus dark, lobes broad, spores bilocular
              
	
                
S. crocata
              
            

            

              
	
              
	Thallus paler, lobes narrower, spores quadrilocular (fig. 42)
              
	
                
S. mougeotiana
              
            

            

              
	8
              
	Thallus lacking soredia
              
	9
            

            

              
	
              
	Thallus bearing soredia
              
	12
            

            

              
	9
              
	Thallus deeply foveolate (fig. 35)
              
	10
            

            

              
	
              
	Thallus more or less smooth, not distinctly foveolate
              
	11
            

            

              
	10
              
	Thallus laciniate at margins, without isidia
              
	
                
S. foveolata
              
            

            

              
	
              
	Thallus broadly lobed, bearing isidia
              
	
                
S. hookeri
              
            

            

              
	11
              
	Lobes narrow, medulla unchanged on application of KOH followed by Calcium hypochlorite
              
	
                
S. fragillima
              
            

            

              
	
              
	Lobes broader, medulla reddening on application of above reagents
              
	
                
S. cinnamomea
              
            

            

              
	12
              
	Thallus naked below (fig. 43)
              
	
                
S. argyracea
              
            

            

              
	
              
	Thallus tomentose below
              
	
                
S. intricata
              
            

            

              
	13
              
	Thallus with narrow laciniate lobes (fig. 45)
              
	
                
S. weigelii
              
            

            

              
	
              
	Thallus with broader rounded lobes
              
	14
            

            

              
	14
              
	Thallus bearing soredia
              
	
                
S. limbata
              
            

            

              
	
              
	Thallus without soredia (fig. 44)
              
	
                
S. fuliginosa
              
            

            

              
	15
              
	Under-surface bearing cyphellae
              
	27
            

            

              
	
              
	Under-surface bearing pseudocyphellae
              
	27
            

            

              
	16
              
	Base of thallus shortly but distinctly stalked
              
	17
            

            

              
	
              
	Base of thallus not stalked
              
	18
            

            

              
	17
              
	Texture thin, final lobes narrow (fig. 32)
              
	
                
S. filix
              
            

            

              
	
              
	Texture thick, final lobes broad (fig. 48)
              
	
                
S. latifrons
              
            

            

              
	18
              
	Texture thin, final lobes very narrow
              
	19
            

            

              
	
              
	Texture thick, final lober broader
              
	20
            

            

              
	19
              
	Thallus very fragile, with all segments very narrow
              
	
                
S. lacera
              
            

            

              
	
              
	Thallus less fragile, basal portion broader
              
	
                
S. variabilis
              
            

            

              
	20
              
	Upper surface shining when dry, lobes broad
              
	
                
S. amplificata
              
            

            

              
	
              
	Upper surface dull, lobes less broad
              
	21
            

            

              
	21
              
	Lower surface with few rhizines
              
	
                
S. damaecornis
              
            

            

              
	
              
	Lower surface, except at margins, with many rhizines
              
	22
            

            

              
	22
              
	Upper surface showing white spots
              
	
                
S. efflorescens
              
            

            

              
	
              
	Upper surface without white spots
              
	23
            

            

              
	23
              
	Cyphellae brownish
              
	24
            

            

              
	
              
	Cyphellae quite white
              
	25
            

            

              
	24
              
	Spores about 7-septate (fig. 46)
              
	
                
S. cinereoglauca
              
            

            

              
	
              
	Spores 1-3 septate (fig. 47)
              
	
                
S. subcaperata
              
            

            

              
	25
              
	Cyphellae large, lobes narrow and sinuose
              
	
                
S. sinuosa
              
            

            

              
	
              
	Cyphellae small, final lobes broader
              
	26
            

            

              
	26
              
	Thallus lobes more or less pinnatifid
              
	
                
S. subcoriacea
              
            

            

              
	
              
	Thallus lobes not at all pinnatifid
              
	
                
S. coriacea
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49 
S. flotowiana


50 
S. aurata


51 
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52 
S. homoeophylla


53 
S. granulata


        

        


        

          

            

              
	27
              
	Pseudocyphellae yellow
              
	28
            

            

              
	
              
	Pseudocyphellae white
              
	33
            

            

              
	28
              
	Margin with bright yellow soredial masses (fig. 50
              
	
                
S. aurata
              
            

            

              
	
              
	Margins without soredial masses
              
	29
            

            

              
	29
              
	Thallus, especially marginally, with numerous isidia (fig. 17)
              
	
                
S. flavicans
              
            

            

              
	
              
	Thallus lacking isidia
              
	30
            

            

              
	30
              
	Thallus very coriaceous
              
	
                
S. durvillei
              
            

            

              
	
              
	Thallus membranous to slightly coriaceous
              
	31
            

            

              
	31
              
	Surface distinctly foveolate (fig. 35)
              
	
                
S. impressa
              
            

            

              
	
              
	Surface not or very slightly foveolate
              
	32
            

            

              
	32
              
	Upper surface somewhat shiny, lower surface dark, tomentose, except marginally
              
	
                
S. glaucolurida
              
            

            

              
	
              
	Upper surface dull, bright green when wet, lower surface yellow over large areas (fig. 34)
              
	
                
S. coronata
              
            

            

              
	33
              
	Upper surface bearing small pseudocyphellae
              
	
                
S. episticta
              
            

            

              
	
              
	Upper surface lacking pseudocyphellae
              
	34
            

            

              
	34
              
	Thallus showing soredia
              
	35
            

            

              
	
              
	Thallus without soredia
              
	36
            

            

              
	35
              
	Thallus not foveolate, with numerous granular soredia (fig. 53)
              
	
                
S. granulata
              
            

            

              
	
              
	Thallus foveolate, soredia scanty
              
	
                
S. cellulifera
              
            

            

              
	36
              
	Thallus lobes bearing isidia
              
	37
            

            

              
	
              
	Thallus lobes without isidia
              
	39
            

            

              
	37
              
	Thallus coriaceous (fig. 51)
              
	
                
S. psilophylla
              
            

            

              
	
              
	Thallus membranous or hardly coriaceous
              
	38
            

            

              
	38
              
	Isidia long, narrow, strap-shaped
              
	
                
S. polyschista
              
            

            

              
	
              
	Isidia shorter, stouter
              
	
                
S. chloroleuca
              
            

            

              
	39
              
	Thallus distinctly rather regularly foveolate (fig. 49)
              
	
                
S. flotowiana
              
            

            

              
	
              
	Thallus not or very irregularly foveolate
              
	40
            

            

              
	40
              
	Thallus lobes broad, texture coriaceous
              
	
                
S. freycinetii
              
            

            

              
	
              
	Thallus lobes narrow, texture submembranous (fig. 52)
              
	
                
S. homoeophylla
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On Tuesday, 31st May, Dr. O. Frankel spoke to a meeting of the Biological Society on the subject of “Recent Advances and Controversies in Genetics.”

        
After outlining some of the new techniques now being used in genetical research he went on to give a description of the events leading up to the recent controversies which have arisen around the Russian theories as expounded by Lysenko.
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