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A Method for Permanent Transects in Vegetation





        

          
            

              
A Method for Permanent Transects in Vegetation
            
          
        

        
by 
I. A. E. Atkinson


Botany Division Substation, Department of Scientific and Industrial Research, Lower Hutt

        

          

            
Summary
          

          

            
A simple method is described for siting and recording permanent vegetation transects. Based on standard methods, it has the advantages that in forest plants can be relocated quickly and there is no need to set out boundary strings which are time-consuming. When necessary the recording of a transect can be effected by one observer.
          

        

        

          

            
Introduction
          

          
Recording vegetation in permanently marked areas at suitable time intervals is the most direct method of measuring rates and trends of succession. As greater emphasis is placed on maintaining vegetation reserves in satisfactory condition, there will be an increasing demand for information on succession. The procedure outlined here has been in use for some years by the writer and has proved suitable for many different types of vegetation. It is modified from standard techniques and may have advantages in ease of use, particularly when only one recorder is available.

        

        

          

            
Siting of Transects
          

          
The siting of permanent transects usually depends on a subjective judgement influenced by the aims of the study. Two common objectives can be mentioned:
1. To record vegetation changes occuring at a particular site, e.g. a boundary between scrub and tussockland. The vegetation need not be typical of the surrounding area and the transect may include more than one type of vegetation.
2. To record the changes occurring within a particular type of vegetation. In this case the transects should be located in stands representative of the vegetation type and hence a vegetation survey is a necessary pre-requisite.

          


          
Within a single type of vegetation much of the variation in rates and trends of succession will be associated with differences in site, particularly slope and position on the slope relative to ridge crests and valley bottoms. Thus some thought should be given to the site conditions of each transect so that future comparisons between similar sites in different vegetations, or contrasting sites in the same vegetation, can be made and the maximum amount of information gained.

          
Transects are orientated with the long axes parallel with the slope. On some steep slopes it may be easier to record a transect lying at right angles to the slope but in illustrating such a transect, features of growth form related to the slope may be lost.

        

        

          

            
Shape and Dimensions of Transects
          

          
Belt (rectangular) transects are faster to record and often give more information about the vegetation than do square quadrats of the same area (Clapham 1932). In the method described here, transect lengths of 20, 30 or 40 m are used according to the vegetation height, 30 m or more being most useful in forest. A width of 4 m is most satisfactory in forest and this can be reduced to 1 m or less in grassland. However, when a change from grassland to forest is anticipated, a standardised 4 m wide transect of fixed length will facilitate comparisons at a later date. The time needed for recording increases greatly with widths exceeding 4 m and furthermore the recorder is forced to enter the transect more frequently.

          
A graduated tape is stretched taut between two permanent marker posts (e.g. aluminium angle standards, waratah steel standards, galvanised iron pipes, tanalised pine posts) protruding 0.8 to 1 m above ground level. Unless in remote areas, the marker posts are best left unpainted so that they do not attract attention. The tape marks the centre-line of the transect and from it, offset distances to plants within each of the 2 m strips either side of the tape can be measured using a small measuring tape or, for greater speed, a 2 m long graduated pole or rod. Each plant recorded is identified and located according to two co-ordinates — distance along the centre-line tape and offset distance from the tape. This information can be plotted directly on a transect chart or transferred to a chart later.

          
Charting of low-growing vegetation within a 0.5 or 1 m wide transect is simplified by using graduated tapes along both sides of the transect. Vegetation boundaries can then be plotted within successive segments of the transect framed by two graduated rods or laths spanning the transect and of length equal to the transect width. For some plants the point of emergence of the main stem can be indicated; this is essential if the vegetation is to be followed through to the forest stage when charting of plant crowns will no longer be practical.

        

        


        

          

Recording of Plants in Transects


Trees and shrubs are classified into size classes as follows:

          

            

              

                
	Seedlings (sd)
                
	0.05 - 0.3 m ht
              

              

                
	Short saplings (ssp)
                
	0.3 - 2.0 m ht
              

              

                
	Tall saplings (tsp)
                
	> 2 m ht and < 10 cm dbh
              

              

                
	Trees
                
	> 10 cm dbh
              

            

          

          
The positions of trees and tall saplings only are located unless the position of a smaller plant is considered important. Of the tall saplings, only those plants having a diameter at breast height (dbh) > 2 cm are measured, breast height being taken as 1.4 m. The stem measurement made in the field is circumference at breast height (cbh) which can be converted to a dbh measurement subsequently if a circumference-diameter tape is not used. Sometimes it is of value to measure the cbh of trees or saplings immediately outside the transect where these can be re-located in the future.

          
Where major branching occurs below 1.4 m above ground level, the plant is treated as multiple-stemmed. In such plants identification and measurement of all stems increases the amount of growth data that can be gained and allows the growth of different parts of the same tree to be compared. With multiple-stemmed plants on sloping ground, the stem growing furthest up the slope is measured first and the remaining stems then measured in clockwise order. The stems of combines, e.g. rata + rimu, are measured separately whenever this is possible. Prostrate or leaning trunks are measured at a distance of 1.4 m from a point level with the centre of the trunk at its base. Dead trunks or limbs are not measured but their numbers, positions and sometimes condition are recorded.

          
All other plants within the transect, including epiphytes, are recorded qualitatively according to species and size classes using the following scheme:



	+ …
	few, < 5 individuals


	m …
	many, 5 to 19 individuals


	a …
	abundant, 20 or more individuals


	la …
	locally abundant, groups of 20 or more individuals


When it is considered necessary to obtain quantitative information on the understorey and ground cover of a forest, point analyses of crown cover of these low plants are made along the centre-line or sides of the transect with points at 0.5 or 1 m spacing. Use of the graduated tape allows each point to be re-located in a later recording.
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Recording Canopy and Understorey Composition in Forest and Scrub Surrounding the Transect



        

          
Recording Canopy and Understorey Composition in Forest and Scrub Surrounding the Transect
        

        
It is often desirable to have a more complete picture of the composition of the uppermost (canopy) layer and understorey of the



vegetation than can be derived from the transect data alone. The composition of the canopy surrounding the transect can be measured using either a point analysis of crown cover (e.g. Druce 1966) or other method such as counting the relative numbers of stems of species in the canopy layer.

        
For sampling or describing the understorey an arbitrary but useful method of subdividing the space below the canopy is as follows:



	0
	-0.3 m ht
	… . .
	ground storey
	(G)


	0.3
	-2 m ht
	(browse line for herbivorous mammals)
	lower understorey
	(L)


	2
	- -6 m ht
	… .)
	((U
1)


	
	
	upper understorey (


	
	> 6m ht
	… .)((U
2)


This procedure is a way of stratifying the space beneath the canopy but its use does not imply that a particular LAYER of vegetation is necessarily present. Recognisable layers may be found at any height beneath the canopy. depending on the height distribution of foliage.
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Recording Canopy Composition in Grassland and Other Short Herbaceous Communities



        

          
Recording Canopy Composition in Grassland and Other Short Herbaceous Communities
        

        
In low-growing vegetation such as grassland or herbaceous swards, it is often difficult to distinguish individuals of each species, particularly when the vegetation is being grazed. To attempt charting the position of each individual within a transect may take more time than can be justified by the information gained. It is thus essential to decide what particular vegetation change or changes are to be recorded, even though some changes cannot always be anticipated. For example, the interest in a grassland might be the rate at which it is being invaded by woody plants. The position, heights, and possibly crown outlines, of all woody plants would be plotted whereas the grassland might be characterised by a single point analysis of crown-cover made along the centre-line of the transect. In another case one might chart the distribution of a single species within the





[image: Fig. 1: Chart of vegetation canopy in permanent transect established by A. E. Esler on Tiritiri Island, Hauraki Gulf. Dimensions in feet. Key to symbols used:— Bl. cap.: Blechnum capense Cass: Cassinia retorta Cy deal: Cyathea dealbata Dac. glom.: Dactylis glomerata Ger. molle: Geranium molle Hol. lan.: Holcus lanatus Lept. scop. and L.s.: Leptospermum scoparium Met. ex.: Metrosideros excelsa Pitt crass: Pittosporum crassifolium Plant. lanc.: Plantago lanceolata Pt. ag. and Pt.: Pteridium aquilinum Sc. nod.: Scirpus nodosus]
Fig. 1: Chart of vegetation canopy in permanent transect established by A. E. Esler on Tiritiri Island, 
Hauraki Gulf. Dimensions in feet. Key to symbols used:—


Bl. cap.: 
Blechnum capense


Cass: 
Cassinia retorta


Cy deal: 
Cyathea dealbata


Dac. glom.: 
Dactylis glomerata


Ger. molle: 
Geranium molle


Hol. lan.: 
Holcus lanatus


Lept. scop. and L.s.: 
Leptospermum scoparium


Met. ex.: 
Metrosideros excelsa


Pitt crass: 
Pittosporum crassifolium


Plant. lanc.: 
Plantago lanceolata


Pt. ag. and Pt.: 
Pteridium aquilinum


Sc. nod.: 
Scirpus nodosus





grassland sward and only record the remaining plants as grassland.

        
In some types of short vegetation it is possible to plot boundaries or sharp transitions in composition readily and to characterise the vegetation in each part of the mosaic with a simple descriptive name (Fig. 1).
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Profile Diagrams
        

        
Profile diagrams are not an essential part of permanent transect recording but can be useful particularly where structural changes are expected. In forest the centre-line tape of the transect can be used as a baseline for drawing a profile diagram of the plants as accurately as possible, either estimating heights by eye or using an abney‘ level or 4 m pole to measure heights. Alternatively, in forest where the density of plants does not allow a clear cross-section to be drawn, a profile diagram can be based on a tape stretched from tree to tree in a zig-zag manner. In this case only the tall trees touching the tape are drawn and then these should be indicated by showing the baseline of the profile diagram on the transect chart. With either alternative, the drawing of understorey plants is restricted to those greater than 0.3 m ht and growing within a metre-wide transect centred on the baseline. Only a segment of the crown of each of the taller trees is drawn but what is shown must be sufficient to convey a realistic picture of the vegetation structure. In comparing two forest profile diagrams of the same transect made at different times, it should be remembered that reliability will be greater at the lower levels.
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Photographs from Fixed Points



        

          
Photographs from Fixed Points
        

        
Photographs taken from fixed points around a transect usually convey additional information. In forest only the understorey can be photographed satisfactorily and here it is essential to be able to relocate the photo-point with respect to ground position, height and exact direction of the camera. Slight changes in the position of the lens between photographs can give a false picture of changes in the height of plants. A 2 m graduated pole can be used to overcome this difficulty of obtaining a vertical scale. Ideally the boundaries of part of the transect should be included in the photograph and the field of view can be centred on a permanent marker. Sometimes it is possible to photograph a transect from a nearby vantage point or tree; this is particularly useful when future understorey growth is expected to obscure the field of view on the ground.
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Re-Locating the Transects



        

          
Re-Locating the Transects
        

        
It is most important to provide a set of instructions that will allow a future worker to re-locate the transect. There are examples on record where it has not been possible to find potentially valuable



permanent quadrats. Maps, vertical aerial or oblique photographs are useful for showing transect positions. The magnetic bearing of the transect centre-line should also be recorded as well as bearings to prominent landscape features if possible. In some places it may help to surround the marker posts with cairns (cf. Turbott 1948).
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An Example of a Transect in Forest
        

        
Location: Lady Alice Island, Chickens group.

        
Date: 28/3/1971.

        
Recorder: 
I. A. E. Atkinson.

        
Vegetation type: 
Metrosideros excelsa-Vitex lucens forest.

        
Site type: Ridge crest.

        
Position: Climb slope westwards from main valley draining into South Cove. On reaching crest of ridge, proceed southwards and then south-south-eastwards along the ridge until shortly before it drops steeply towards Koputotara Point. At this place a trench-like depression about 4 m wide and from 1 to 5 m deep crosses the ridge in a NW-SE direction. A large pohutukawa tree, with three trunks branching 1.5 m above ground, grows on the ridge crest at the southern edge of the trench. The marker post and point of origin of the transect (waratah steel standard) is six paces from the base of this pohutukawa on a magnetic bearing of 225°.



	Approx. altitude: 60 m.
	Slope: < 2°.


	Bearing of transect centre-line from point of origin: 247° (magnetic).


	General: Marine shells (from Maori middens) are scattered over the site.


	Point analysis of canopy: (n = 25).


	Species
	% crown cover


	
Metrosideros excelsa
	76


	
Vitex lucens
	20


	
Sophora microphylla
	4


	Point analysis of upper understorey (> 2 m, n = 25)
	


	Species
	% crown cover


	
Beilschmiedia tawa
	4


	
Corynocarpus laevigatus
	12


	
Dysoxylum spectabile
	36


	
Hoheria populnea
	4


	
Melicytus ramiflorus
	4


	
Nestegis apetala
	4


	Nil observations (= no crowns present)
	36


	Details of plants recorded within transect (Tables 1, 2, Fig. 2).
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Discussion



        

          
Discussion
        

        

          
To establish permanent transects in any type of vegetation is time-consuming; in forest this method takes from two to four hours per transect with two persons. If specific questions are asked that





[image: Fig. 2: Chart of tree bases in permanent forest transect on Lady Alice Island, Chickens group. (See Tables 1, 2.)]
Fig. 2: Chart of tree bases in permanent forest transect on Lady Alice Island, Chickens group. (See Tables 1, 2.)


can be answered by such transects, their siting is likely to be more effective. There is sometimes value in selecting extreme situations for long-term study. A factor to consider when deciding the number of transects is the amount of time a future worker is likely to have for recording, particularly when the transects are on islands or mountains.

          
The basic parameters mentioned have been numbers of individuals according to size classes for each species, trunk circumference of trees > 2 cm dbh, and canopy cover. Any additional parameters can be recorded, depending on the aims of the study. In order to reduce the chances of error, a record of the original field measurements



should be kept as well as the data for derived variables such as dbh or basal area.

          
Sometimes it is possible to mark the positions and measure plants in the vicinity of but outside a transect. In this way sample size can be increased so that a particular species population is sampled adequately. Individual plants can be labelled, care being taken to ensure that wiring on the label does not restrict future growth.

          
Other types of repeated observation can be made in permanent transects apart from those relating to live plants. For example, the decay rates of fallen branches from different species in various environments is a topic about which little is known. The unexpected results which permanent transects sometimes produce, amply reward the observer for the time he takes in their recording.

          
Finally it must be emphasised that recording vegetation in a permanent transect invariably has some modifying effect on the plants, particularly when more than one person is recording. Every care should be taken to minimise this disturbance.
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TABLE 1 — Trunk circumference measurements of trees (> 2 m high) in permanent forest transect on Lady Alice Island



        
TABLE 1


Trunk circumference measurements of trees (> 2 m high) in permanent forest transect on Lady Alice Island

        

          

            

              
	No.
              
	Species
              
	cbh (cm)
            

            

              
	1
              
	
                

                  

                    Dysoxylum spectabile
                  
                
              
              
	14
            

            

              
	2
              
	
" "tsp
              
	-
            

            

              
	3
              
	
                

                  Corynocarpus laevigatus
                
              
              
	23
            

            

              
	4
              
	

Dysoxylum spectabile tsp
              
	-
            

            

              
	5
              
	
                
" "
              
              
	10
            

            

              
	6
              
	
                
" "
              
              
	9
            

            

              
	7
              
	
                
" "
              
              
	10
            

            

              
	8
              
	
                
" "
              
              
	10


            

            
            

              
	9
              
	
" "18.5
            

            

              
	10
              
	
" "14.5
            

            

              
	11
              
	
" "13.5
            

            

              
	12
              
	
" "76
            

            

              
	13
              
	
                

                  Hoheria populnea
                
                
tsp
              
              
	-
            

            

              
	14
              
	
                
" "
                
"
              
              
	-
            

            

              
	15
              
	
                
" "
              
              
	12.5
            

            

              
	16
              
	
                
" "
              
              
	9
            

            

              
	17
              
	
                
" "
              
              
	15
            

            

              
	18
              
	
                
" "
              
              
	9
            

            

              
	19
              
	
Metrosideros excelsa, trunk 1.47 m above ground crosses transect horizontally Circum. at centre-line =
              
	94
            

            

              
	20
              
	
                

                  Dysoxylum spectabile
                
                
tsp
              
              
	-
            

            

              
	21
              
	
                
" "
                
"
              
              
	-
            

            

              
	22
              
	
                

                  Corynocarpus laevigatus
                
                
"
              
              
	-
            

            

              
	23
              
	
                

                  Dysoxylum spectabile
                
                
"
              
              
	-
            

            

              
	24
              
	" "
              
	8
            

            

              
	25
              
	" " tsp
              
	-
            

            

              
	26
              
	
                

                  Hedycarya arborea
                
              
              
	12.5
            

            

              
	27
              
	
                

                  Dysoxylum spectabile
                
              
              
	28
            

            

              
	28
              
	
Hedycarya arborea tsp
              
	-
            

            

              
	29
              
	
Dysoxylum spectabile "
              
	-
            

            

              
	30
              
	
                
Nestegis apetala
              
              
	81.5
            

            

              
	31
              
	
                

                  Dysoxylum spectabile
                
              
              
	23
            

            

              
	32
              
	
                
Meryta sinclairii
              
              
	10
            

            

              
	33
              
	
                
Nestegis apetala
              
              
	39.5
            

            

              
	34
              
	
                
Dysoxylum spectabile tsp
              
              
	-
            

            

              
	35
              
	
Dysoxylum spectabile "
              
	-
            

            

              
	36
              
	
                
Meryta sinclairii
              
              
	10
            

            

              
	37
              
	
Dysoxylum spectabile tsp
              
	-
            

            

              
	38
              
	
                
Meryta sinclairii
              
              
	65
            

            

              
	39
              
	
Dysoxylum spectabile tsp
              
	-
            

            

              
	40
              
	" "
              
	9.5
            

            

              
	41
              
	" " tsp
              
	-
            

            

              
	42
              
	" " "
              
	-
            

            

              
	43
              
	" " "
              
	-
            

            

              
	44
              
	" "
              
	25.5
            

            

              
	45
              
	
Vitex lucens, 2 trunks, the larger nearer centre-line
              
	223
            

            

              
	smaller trunk
              
	104.5
            

            

              
	46
              
	
Dysoxylum spectabile tsp
              
	-
            

            

              
	47
              
	" " "
              
	-
            

            

              
	48
              
	" "
              
	9
            

            

              
	49
              
	" " tsp
              
	-
            

            

              
	50
              
	
                
Meryta sinclairii
              
              
	40


            

            
            

              
	51
              
	
                

                  Dysoxylum spectabile
                
              
              
	60.5
            

            

              
	52
              
	" "
              
	8
            

            

              
	53
              
	" " tsp
              
	-
            

            

              
	54
              
	" " "
              
	-
            

            

              
	55
              
	" " "
              
	-
            

            

              
	56
              
	" " "
              
	-
            

            

              
	57
              
	
                

                  Hoheria populnea
                
              
              
	8
            

            

              
	58
              
	
Dysoxylum spectabile tsp
              
	-
            

            

              
	59
              
	" " "
              
	-
            

            

              
	60
              
	
                

                  Hoheria populnea
                
              
              
	13.5
            

            

              
	61
              
	
Dysoxylum spectabile tsp
              
	-
            

            

              
	62
              
	" " "
              
	-
            

            

              
	63
              
	
                
Nestegis apetala
              
              
	9
            

            

              
	64
              
	
                

                  Dysoxylum spectabile
                
              
              
	8
            

            

              
	65
              
	
                

                  Hoheria populnea
                
              
              
	20
            

            

              
	66
              
	
Dysoxylum spectabile tsp
              
	-
            

            

              
	67
              
	" " "
              
	-
            

            

              
	68
              
	" " "
              
	23.5
            

          

          

            
TABLE 2


Qualitative ratings for plants < 2 m high within forest transect on Lady Alice Island
            

              
	
                
Adiantum hispidulum
              
              
	
              
	a
            

            

              
	
                
Asplenium lucidum
              
              
	
              
	a
            

            

              
	
                
Beilschmiedia tarairi
              
              
	sd.
              
	a (28)

*
            

            

              
	" "
              
	ssp.
              
	+ (3)
            

            

              
	
                
Coprosma australis
              
              
	ssp.
              
	+
            

            

              
	
C. sp. (aff. 
C. macrocarpa)
              
	ssp.
              
	+
            

            

              
	
                

                  Corynocarpus laevigatus
                
              
              
	sd.
              
	+
            

            

              
	" "
              
	ssp.
              
	m
            

            

              
	
                

                  Doodia media
                
              
              
	
              
	a
            

            

              
	
                

                  Dysoxylum spectabile
                
              
              
	sd.
              
	a
            

            

              
	" "
              
	ssp.
              
	a
            

            

              
	
                

                  Geniostoma ligustrifolium
                
              
              
	
              
	+
            

            

              
	
                

                  Hedycarya arborea
                
              
              
	sd.
              
	+
            

            

              
	" "
              
	ssp.
              
	+
            

            

              
	
Hoheria populneassp.
              
	+
            

            

              
	
                

                  Macropiper excelsum
                
              
              
	
              
	a
            

            

              
	
                

                  Melicytus ramiflorus
                
              
              
	ssp.
              
	+
            

            

              
	
                
Meryta sinclairii
              
              
	sd.
              
	+ (1)
            

            

              
	
                
Parsonia heterophylla
              
              
	
              
	+
            

            

              
	
                
Planchonella novo-zelandicum
              
              
	sd.
              
	+ (1)
            

            

              
	" " "ssp.
              
	m (7)
            

            

              
	
                

                  Polystichum richardii
                
              
              
	
              
	m
            

            

              
	
                

                  Pteris comans
                
              
              
	
              
	m
            

            

              
	
                

                  Uncinia uncinata
                
              
              
	
              
	+
            

          

        

      



* Counts made for some species are included in brackets.
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The Xenophyophores of New Zealand (Rhizopodea, Protozoa)
          
        

        
by 
O. S. Tendal
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Introduction
          

          

The Xenophyophores are a group of marine, giant protozoans (Schulze, 1907) recently established as a sub-class of the Rhizopodea (Tendal, 1972). They are known to live on the seabed at depths ranging from 1 m. to 7,000 m. but have been reported commonly only from abyssal depths. In this paper I wish to draw attention to their presence in New Zealand waters in the hope that they be recognised more commonly in the future.

          
Xenophyophores were first reported from New Zealand by Lewis (1966) who described a new species of 
Syringammina, a genus then regarded as belonging to the arenaceous foraminifera. Subsequently several specimens that appeared to be allied to 
Syringammina were sorted from trawl samples by Mr. W. de L. Main of the New Zealand Oceanographic Institute. These were kindly loaned to me for identification. For a full description of these and all other known xenophyophores, together with a review of their biology and taxonomy, the reader is referred to the report by Tendal (1972).

        

        

          

            
Recognition of Xenophyophores
          

          
Xenophyophores are by far the largest protozoans known; they range in size from 1 mm. to 25 cm. Nevertheless, they are frequently overlooked. Most of them have an external test which is composed of agglutinated grains termed xenophyae. The xenophyae, which may be mineral grains, sponge spicules, foraminiferal tests or radiolarian tests, are only loosely cemented so that the test is fragile. Depending on the abundance of xenophyae, the test may feel like a friable sandstone, a doughy lump or a wet rag. The form of the test may be spherical, plate-like, irregular or a ball of anastomosing walls or tubes. Xenophyophores may easily be mistaken either for broken and decayed parts of other animals such as sponges, foraminifera, coelenterates, bryozoans and ascidians or for inorganic concrements. Such dubious material is generally handled and investigated with care only where other biological material is scarce. This lack of care may be the reason for by far the largest number of xenophyophores being recorded from abyssal depths. However, the New Zealand material was recognised in biologically rich environments on the upper part of the continental slope despite the fact that it is amongst the most fragile ever found.

          
Much of the internal structure of the xenophyophores can be investigated with a common dissecting microscope, the specimen being



immersed in alcohol or water. Their cytology can be viewed in stained sections but good sections are difficult to obtain because the xenophyae are difficult to cut and tend to cause displacement of other structures.

        

        

          

            
Biology of Xenophyophores
          

          
The xenophyophores are protozoans whose protoplasm is contained largely in branched, transparent, organic tubes. The tubes, which are filled with plasma, are called granellare. The plasma includes nuclei of several different types as well as flat, rounded or spindle-shaped crystals of barium sulphate known as granellae. Part of the plasma protrudes from open ends of the tubes as branching pseudopodia which spread out over the surrounding substrate.

          
Most of any xenophyophore is dead matter. This includes large, membrane-covered masses of faecal pellets, known as stercomare, which are retained outside the tubes, perhaps as protection and support for the tubes. The stercomare are characteristic of the xenophyophores. Tubes and stercomare are generally enclosed by an exterior wall of xenophyae, which are loosely cemented by a mucopolysaccharid.

          
Xenophyophores probably feed on bacteria that live on the surrounding substrate. Food is collected by the pseudopodia which also collect xenophyae and may move the animal along. Pseudopodial fans have been seen in photographs of xenophyophores living on the abyssal ocean floor near New Britain (Western Pacific) (Lemche 
et al.). Because xenophyophores are commonly recorded from areas of high surface production or from close to land, it is thought that they require a relatively large food supply.

          
A few shallow-water species have biflagellate gametes and therefore must reproduce by gametogamy. Amoeba-like stages occur in the life cycle, but their role is not definitely decided. Some deep-sea species appear to have amoeboid gametes and therefore may also reproduce by gamontogamy. In a number of species, for instance within the genus 
Syringammina, the juvenile stages have a test morphology that is different from the adult.

        

        

          

            
Classification and Description of the New Zealand Xenophyophoria
          

          

            
Phylum PROTOZOA 

* von Siebold, 1845

            
Subphylum SARCOMASTIGOPHORA Honigberg and Balamuth, 1963

            
Superclass SARCODINA Hertwig and Lesser, 1874

            
Class RHIZOPODEA von Siebold, 1845

            
Subclass XENOPHYOPHORA Tendel, 1972

            
Rhizopodea with plasma in strongly branched tubes, granellae in the plasma, and voluminous masses of faecal pellets (stercomare) retained outside the tubes.

            
The subclass Xenophyophoria has two orders. All known New Zealand specimens belong to the order Psamminida which contains xenophyophores of



very different appearance and is divided into four families, two of which are represented in the New Zealand material.

          

          

            
Family 
Psamminidae Haeckel, 1889


Genus Reticulammina Tendal. 1972

            

              
Test lumpy with numerous anastomosing branches. The texture is friable, The branches have two layers: a thin, hard exterior layer of cemented fine granular matter with some xenophyae and a thick interior layer containing xenophyae loosely associated with granellare and stercomare.

            

            

              

Reticulammina novazealandica Tendal, 1972


Fig. 1—middle left, middle right

              

R. novazealandica n. sp., Tendal 1972, p. 29, pl. III, E-G

              

R. novazealandica is the type species for the genus.

              
Description: Two specimens and a fragment are known. The body is rounded, somewhat flattened on one side, and measures up to about 60 mm. in diameter. It consists of anastomosing, lamella-like branches measuring 3-7 mm. in width, most of them about 5 mm. The open spaces in the network are circular or oval, and are 2-10 mm. wide. The colour is light grey. The internal xenophyae are foraminiferan tests. The thin surface layer consists of wellcemented calcareous matter with only a few foraminiferan tests.

              
The reddish-brown granellare are 40-60 mic. in diameter. Granellae seem to be scarce; they are rounded, elongate, and measure 1-3 mic. in length. Nuclei are spherical to ellipsoidal and measure 3-5 mic. in diameter. The stercomare anastomose and are 40-150 mic. in diameter.

              
Localities: NZOI Sta. E903 a, b: 37° 33′ S., 172° 05′ E.; top of Aotea Seamount; depth—a, 960 m., b, 984 m.; bottom—volcanic rock with thin covering of foraminiferal sand; temperature

§—about 5° C. 2 specimens.

              
NZOI Sta. F913, 34° 43.5′ S., 174° 31.5′ E.: continental slope off Bay of Islands; depth 743 m.; bottom—foraminiferal sand with detrital mud; temperature—about 7° C. 1 fragment.

            

            

              

Reticulammina labyrinthica Tendal, 1972


Fig. 1—upper right

              

R. labyrinthica n. sp., Tendal 1972, p. 30. pl. III, H; IV, A

              
Description: Two specimens are known. The body is rounded, somewhat flattened on one side, and measures up to about 23 mm. in diameter. It consists of anastomosing branches that are circular or flattened in cross-section, and measure 1-2 mm. in diameter. The open spaces in the network are circular or oval, and are 1-8 mm. wide. The colour is whitish. The internal xenophyae are foraminiferan tests. The surface is covered by a well-cemented thin layer of fine, granular calcareous and silicious material.

              
The granellare measure 25-60 mic. in diameter. Granellae are rare; they are rounded and measure up to 5 mic. in diameter. Nuclei are spherical to slightly ellipsoidal and measure 3-5 mic. in diameter. The stercomare measure 25-160 mic. in diameter.

              
Locality: NZOI Sta. F913, 34° 43.5′ S., 174° 31.5′ E.; continental slope off Bay of Islands; depth—743 m.; bottom—foraminiferal and with detrital mud; temperature—about 7° C. 2 specimens.





[image: Fig. 1—Upper left: Reticulammina lamellata, top view; X 1.5. Upper right: R. labyrinthica, top view; X 2.2. Middle left: R. novazealandica, top view; X 1.5. Middle right: R. novazealandica, side view; X 0.8. Lower left: Syringammina fragilissima fragment, side view; X 3.2. Lower right: S. tasmanensis, side view of sectioned paratype; X 1.8.]
Fig. 1—Upper left: 
Reticulammina lamellata, top view; X 1.5. Upper right: 
R. labyrinthica, top view; X 2.2. Middle left: 
R. novazealandica, top view; X 1.5. Middle right: 
R. novazealandica, side view; X 0.8. Lower left: 
Syringammina fragilissima fragment, side view; X 3.2. Lower right: 
S. tasmanensis, side view of sectioned paratype; X 1.8.



            

            


            

              
Reticulammina lamellata Tendal, 1972


Fig. 1—upper left



R. lamellata n. sp., Hendal 1972, p. 31, pl. IV, B-C

              
Description: One specimen is known. The body is lumpy and somewhat flattened, measuring 32 mm. in diameter and 15 mm. in height. Most of the anastomosing branches are lamellate, 1-2 mm. wide; a few are nearly circular in cross-section and measure about 1 mm. in diameter. Large irregular cavities occur between the branches. The colour is greyish. The internal xenophyae are sand grains. The surface is covered by a thin layer of sand grains and fine granular matter.

              
The yellow-brown grannellare measure 12-90 mic. in diameter. Granellae are up to 5 mic. in length. The stercomare measure 50-120 mic. in diameter.

              
Locality: NZOI Sta. F881, 37° 07.8′ S., 177° 14′ E.; continental slope off Bay of Plenty; depth—1253 m.; bottom—foraminiferal sand with sand and glauconite; temperature—about 4° C. 1 specimen.

            

            

              

Family 
Syringamminidae Tendal, 1972


Genus Syringammina Brady, 1883

              
The test is constructed by numerous tubes of tightly cemented xenophyae. The tubes are arranged in a radiating manner, single tubes being connected with other tubes by side branches. The xenophyae are restricted to the tube walls, and only granellare and stercomare are found in the interior.

            

            

              

Syringammina fragilissima Brady, 1883


Fig. 1—lower left



S. fragilissima n. sp., Brady 1883, p. 158, pl. 2: 1-5; 3: 6-8



S. fragilissima, Tendal 1972, p. 36, pl. VI, A-E

              
Description: The single New Zealand specimen is a nearly spherical fragment about 9 mm. in diameter. The colour is grey, and the test is very fragile. The anastomosing lateral radial tube branches are arranged in relatively conspicuous layers 0.9-2.8 mm. apart. The tube diameter ranges from 0.5-1.6 mm. and tubes with different diameters are intermingled. The xenophyae are sand grains, mineral particles, and fine grained material.

              
Each tube contains three to six peripheral longitudinally extending head branches of granellare and one centrally placed, thick stercomare mass. The granellare measure 20-140 mic. in diameter. Granellae are oval or rounded, most of them less than 1 mic. in diameter. The stercomare measure 200-540 mic. in diameter.

              
Locality: NZOI Sta. E417, 45° 12′ S., 171° 49′ E.; continental slope off Otago; depth—860 m.; bottom—detrital sandy mud with shells and foraminifers; temperature—about 5.5° C. 1 fragment.

            

            

              

Syringammina tasmanensis Lewis, 1966


Fig. 1—lower right



S. tasmanensis, n. sp., Lewis 1966, p. 114, fig. 1-8



S. tasmanensis, Hedley 1966, p. 114, fig. 1



S. tasmanensis, Tendal 1972, p. 38, pl. V, D-E; XVI, F

              
Description: Six specimens are known. The body is roughly hemispherical and up to 44 mm. in diameter. The colour is light grey, and the test is extremely friable. The radial tubes anastomose irregularly in the centre, and more regularly in the periphery where the lateral tube branches form concentrically arranged consecutive layers mostly 0-0.6 mm. apart. The tubes are mostly 1.1-1.5 mm. in diameter. The xenophyae are predominantly foraminiferan tests and fine-grained calcareous matter.

              
Each tube contains one central granellare branch and 2-4 peripheral stercomare masses. The granellare measure 115-193 mic. in diameter. Granellae measure up to 5 mic. in length. Nuclei are spherical to almost ellipsoidal and 2-3 mic. in diameter. The stercomare measure 77-460 mic. in diameter.

              


              
Localities: NZOI Sta. D227, 39° 50′ S., 169° 43′ E.; on the Challenger Plateau; depth — 711 m.; bottom — globigerina ooze; temperature — about 6.5° C. 4 specimens.

              
NZOI Sta. D228, 39° 08′ S., 170° 17′ E.; on the Challenger Plateau; depth — 664 m.; bottom — globigerina ooze; temperature — about 8° C. 2 specimens.

            

          

        

      



* High-level classification according to Honigberg 
et al. (1964).





§ The temperatures are from Garner and Ridgway (1965).
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Distribution of New Zealand Xenophyophoria
        

        

          
All of the New Zealand specimens were trawled from bathyal depths between 600 m. and 1,300 m, where temperatures range from 4° C. to 8° C. They are some of the few xenophyophores that have been dredged from such depths; most being from abyseal depths. They are also some of the few that have been found close to established marine stations.

          
The three species of 
Reticulammina were found only around the northern part of North Island. The genus 
Reticulammina may be endemic to New Zealand, the only other species in the genus, 
R. cretacea (Haeckel, 1889), being of dubious taxonomic position. 
Syringammina tasmanensis has been found on the Challenger Plateau to the west of New Zealand and nowhere else. 
Reticulammina and 
S. tasmannesis may together constitute an endemic xenophyophoria fauna at bathyl depths around New Zealand. The other New Zealand species, 
S. fragilissima, was originally described from the North Atlantic but may also occur in the South Atlantic close to Antarctica.

          
Xenophyophores could occur at any depth around New Zealand and it is hoped that marine scientists will examine the debris in their trawls very carefully to see whether any of it might belong to this group.

        

        

          

            
Acknowledgements
          

          
I am deeply indebted to Dr. 
K. B. Lewis of the New Zealand Oceanographic Institute for his indispensible help with the manuscript and for his permission to use the photograph of 
Syringammina tasmanensis.

        

        

          

            
Literature Cited
          

          
            
Brady, H. B., 1893: 
Syringammina, a new type of arenaceous Rhizopoda. Proc. Soc. Lond. 35: 155-161.

            
Garner, D. M., and Ridgway, N. M., 1965: Hydrology of New Zealand offshore waters. 
Bull. N.Z. Dep. Scient. Ind. Res. 162. (
Mem. N.Z. Oceanogr. Inst. 12: 1-62.)

            
Honigberg, B. M.; Balamuth, W.; Bovee, E. C.; Corliss, J. O.; Gojdics, M.; Hall, R. P.; Kudo, R. R.; Levine, N. D.; Loeblich, A. R.; Wieser, J.; Wenrich, D. H.; 1964: A revised classification of the phylum Protozoa. 
J. Protozool. 11: 7-20.

            
Lemche, H.; Hansen, B.; Madsen, F. J.; Tendal, O. S.; Wolff, T.: Photographic evidence of hadal animal life. (In preparation.)

            

Lewis, K. B., 1966: A giant foraminifer: A new species of 
Syringammina from the New Zealand region. (With an appendix by R. H. Hedley.) 
N.Z. J. Sci. 9: 114-123.

            
Schulze, F. E., 1907: Die Xenophyophoren, eine besondere Gruppe der Rhizopoden. 
Wissenschaftliche Ergebnisse der Deutschen Tiefsee — Expedition auf dem Dampfer ‘Valdivia’ 1898-1899, 11: 1-55.

            
Tendal, O. S., 1972: A Monograph on the Xenophyophoria. 
Galathea Rep. 12: 1-99.

          
        

      








Victoria University of Wellington Library




Tuatara: Volume 21, Issue 3, April 1975

A LIGHT-TRAP FOR COLLECTING MARINE FISH LARVAE AND INVERTEBRATES
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Introduction
          

          

Lights Have Often Been Used as aids in collecting various marine and freshwater organisms. These exploit the positive phototropism exhibited by certain species, e.g. cumaceans (Hale, 1953), aquatic insect larvae (Hungerford 
et al., 1955; Washino and Hokama, 1968), assorted freshwater invertebrates (Espinosa and Clark, 1972), marine invertebrates (Sheard, 1941) and fish larvae and juveniles (Winn and Miller, 1954; Parsons and Hodder, 1970). Various systems have been used, from suspended lights and dipnets (Winn and Miller, 1954) to more elaborate submersible and semi-submersible traps (Hungerford 
et al., 1955; Washino and Hokama, 1968; Espinosa and Clark, 1972).

          
The light-trap described here was designed for collecting larval and juvenile fish of the families Tripterygiidae (‘blennies’), Clinidae and Gobiesocidae (clingfish). The trap was to be used close inshore from rocks, wharves and boats. Hence it needed to be light yet robust enough to withstand the normal wear and tear of field handling. The light-traps referred to earlier that were designed for collecting aquatic insects etc., were too small to collect large numbers of fish larvae. A trap similar to that used by Davies (1954) and Baker (1972) for collecting pilchard larvae was available. However, this was too cumbersome for my purpose. Furthermore, the total collecting area of the cones was small relative to the area of the trap radiating light, thus decreasing the catching efficiency. I have used a sealed light on the end of a long pole, the light being placed just under the water to attract fish larvae that were then captured by a dipnet. This method, while effective in rocky shore surge channels not suitable for set traps, did not give any quantitative assessment, however rough, of larval number. Furthermore, light traps have an advantage in that they can be left unattended for several hours.

          
The trap needed to be submersible to different depths, portable and useable in the sea. Certain basic problems therefore had to be overcome. These were principally the sealing of the light, corrosion, release of water when retrieving the trap, loss of or damage to specimens, and weight of water causing stress on the apparatus. In addition to solving these problems, it was necessary to devise a system whereby the greatest cone aperture area (effective collecting area) was presented to the organisms. Perspex, because of its transparency and durability, was chosen as the main building material.

        

        


        

          

            
Description and Method of Construction
          

          
The trap (Figs. 4 and 5) is essentially a squat perspex ‘box’ with sides that form the outer aperture of four cones. The cones taper to narrow slit-like inner apertures that are in line with a light in the centre of the apparatus. All sides of the trap, therefore, act as effective collecting areas. The top of the ‘box’ is opaque to restrict radiating light to the areas of the cones; organisms are then not likely to approach the light from above the trap but rather from the side in line with the cones. The gauze ‘cod-end’ (bottom of the ‘box’) is four-sided and tapered, ending in a terylene collar designed to hold an Agee jar (Fig. 5). The corners are joined and strengthened by terylene tape. The upper edge of the net is bordered by a 3 cm wide terylene strip, folded from a 6 cm strip. The size of the mesh used for the ‘cod-end’ will depend on the size of the animals to be collected (300 microns for this trap), but mesh size must be large enough to allow reasonably rapid drainage of water from the light-trap. If not the weight of the water retained in the ‘cod-end’ will place undue stress on the whole apparatus. A mesh ‘cod-end’, as distinct from some solid equivalent, has the added advantage of being easily folded. The trap is thereby more readily handled.

          
The sealed light unit is fastened to the centre of the laminated top (Figs. 4 and 5, A
1 and A
2) and gives maximum radiation of light through the cones. The light (Fig. 1) consists of a brass holder, the lower portion of which is hollow and threaded to accommodate a small jam jar. This is sealed by pressure against a flat rubber ring. The flex enters the jar through the upper cylindrical stem of the brass holder, and effective sealing is obtained with an ‘O-ring’ forced tightly about the flex by a short bolt. Vaseline is spread liberally over the seals and the rim of the jar. Inside the jar there is a simple brass bulb holder that is screwed firmly to the brass unit, and receives two wires from the flex. Klinger (in Hale, 1953) used a 5,000 watt light, hoping to attract a great variety of marine life. Instead he found this very strong light less effective in attracting organisms than a simple hand-held flashlight. Foxon (1936) and Hale (1943) both found that cumaceans were attracted most effectively by low intensity light. They found that cumaceans tended to shun the brightest areas, preferring to remain on the periphery of the radiated light. A low intensity light (12v 6w) was therefore chosen for this trap.

          
The cylindrical projection of the brass light holder passes through the laminated top of the trap and is held securely in place by four screws. The light trap is suspended by four bridles, each 54 cm. long with spliced loops at each end. How the bridles are attached





[image: Fig. 1]

Fig. 1





 to the trap is a matter of personal choice; in this case aluminium U-sections were used (Fig. 3, No. 1). The free ends of the bridles are gathered together and fastened to a galvanised shackle, which in turn is attached to the 10 m warp. The length of the warp will vary according to the height of the wharf or boat and the depth of the water to be sampled. The flex from the light unit is attached at intervals to the warp. The light trap is constructed in the following way:

          


	(1)
	Cut the collecting cones, top and sides (Figs 2 and 5, A-E), from a single sheet of 5 mm thick clear perspex measuring at least 116 cm X 91 cm (Fig. 2). When cutting, allow for the width of the saw cuts. Smooth or bevel the rough edges using medium (not fine) sandpaper.


	(2)
	Form the top of the trap by laminating A
1 and A
2 (Fig. 5). As an alternative the top may be cut from a single sheet of 1 cm. thick black perspex. If transparent perspex is used, then paint the top black.


	(3)
	Glue the sides of the cones C
1-4 at right angles to the top and bisecting each corner. The edges to be glued should be bevelled to provide a larger glueing surface (Fig. 3, No. 2). Triangular wedges of perspex are added to increase the strength of the joints.


	(4)
	The upper parts of the cones B
1-4 are now glued to the laminated top and to the cone sides C
1-4.


	(5)
	Glue the lower parts of the cones B
5-8 to the angled edges of the cone sides C
1-4. The size of the internal cone aperture may be altered by increasing or decreasing the angle of the upper and lower cone portions (B
1-4 and B
5-8).


	(6)
	Assemble the perspex skirt by glueing the series D
1-4 to each other to form a square. D
3 and D
4, being 1 cm shorter, lie inside D
1 and D
2.


	(7)
	The skirt is now glued to the bottom edges of B
5-8 (lower edge of the cones), being further held in place by triangular perspex fillets (F) cut to fit on the inside between the skirt and the ventral plates of the cones.


	(8)
	Drill 16 5 mm diameter holes through the top 5.5 cm apart and lying in from a line representing the innermost border of the cones. These produce a downcurrent of water that helps prevent organisms from passing out of the cones as the trap is lifted through the water column. Further holes of similar diameter are drilled in each corner of the top to allow air to escape from the trap as it is lowered into the water.


	(9)
	Drill 20 5 mm diameter holes in the perspex skirt D
1-4 and the backing plates E
1-4 which correspond to a similar series of holes in the upper border of the gauze ‘cod-end’. The ‘cod-end’ may be constructed according to personal preferences and therefore requires no further explanation here.
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	(10)
	Slide the terylene border of the ‘cod-end’ over the skirt and hold in place with the back plates E
1-4 and the 5 mm X 2 cm galvanised bolts.


	(11)
	Fasten the sealed light unit to the laminated top of the light trap.


	(12)
	Bolt the bridle attachments to the corners of the top of the trap, at the same time fastening the bridle warps and flex.


          

            

              
Materials
              

                
	Clear perspex
                
	5 mm X 91 X 116 cm (NZ 3 X 4in. stock)
              

              

                
	Perspex glue
                
	
              

              

                
	1 galvanised shackle
                
	
              

              

                
	1 12 v. battery
                
	
              

              

                
	Nylon bolting cloth
                
	40 X 72 cm (300 μ mesh)
              

              

                
	Terylene tape
                
	140 X 3 cm
              

              

                
	Terylene cloth — collar
                
	35 X 11 cm
              

              

                
	— border
                
	184 X 6 cm
              

              

                
	Galvanised nuts and bolts
                
	5 mm X 2 cm (X 20)
              

              

                
	Self-tapping galvanised screws
                
	5 mm X 3 cm (X 4)
              

              

                
	Propylene rope — bridles
                
	300 cm
              

              

                
	— warp
                
	10 m
              

              

                
	Aluminium U-section — brackets
                
	1.5 X 2 X 16 cm
              

              

                
	1 sealed light unit with 12 v. 6 w. bulb
              

              

                
	Insulated flex
                
	10 m
              

            

          

        

        

          

            
Operation
          

          
This light trap is light and will swing about with the slightest swell. Weights, perhaps those used by divers, may be added to each corner to increase stability. The time the trap is left submerged depends on the locality and type of animal sought. When collecting fish larvae it is advisable to restrict submersion time to no more than half an hour. Any longer and the small delicate larvae are rapidly consumed by isopods etc., and also damaged by general overcrowding. On retrieval the trap should be brought slowly to the surface so that the perspex skirt is just clear of the water. As the ‘cod-end’ is lifted from the water the whole unit is moved from side to side so as to keep the organisms swimming and thus prevent them becoming entangled in the mesh sides. This factor is more important with ‘many-legged’ crustaceans that become readily enmeshed. With the bottle clear of the water the unit may then be brought rapidly up to the wharf.

          


          
The light trap has also been successfully used to collect amphipods (Dr. A. A. Fincham, V.U.W.) and epitokous polychaetes (Mr. G. Read, Marine Laboratory, Island Bay, V.U.W.). In addition various adult teleosts, zoea and megalopa larvae and isopods have been found in differing numbers in samples taken. It is likely that the unit will collect any small positively phototropic aquatic organism.
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The New Zealand Zoologist J. von Haast, (1876a), in his description of the species of Beaked Whale 
Mesoplodon grayi, noted as one of the characteristics of the new species the presence of rather large vestigial maxillary teeth. The occurrence of these teeth in Beaked Whales had already been noted (for a detailed review, see Boschma, 1951), but they are so small that they are generally over looked. In 
Mesoplodon grayi, however, the maxillary teeth were so conspicuous (lengths up to 12 mm) that von Haast (1876b) concluded that the maxillary teeth (17 to 22 teeth in each row) were functional and not vestigial and therefore proposed a new genus 
Oulodon to contain his species 
grayi. However Moore (1968), in his recent taxonomic review of the Beaked Whales, did not recognise 
Oulodon as a genus, not even as a subgenus.

          
In later descriptions of stranded Scamperdown Beaked Whales, the rather large maxillary teeth had been recorded (for reviews, see Boschma, 1950 and 1951) and more recently Baker (1972), like von Haast (loc. cit.), cited the size of the maxillary teeth as being one of the characteristics of the species. It is, however, less known that in 
Mesoplodon grayi (as in a number of other Beaked Whales) vestigial teeth can also be found in the lower jaw.

          
It seems that they are not present in every specimen but when present are much smaller than the maxillary teeth. (See Fig. 1, specimen 2, at right.)

          
Recently I had the opportunity to dissect three Scamperdown Beaked Whales. On February 6, 1974, a male specimen, 356.8 cm long, was found in the Port of Napier as was also on the same day at the same locality a female, 373.4 cm long. The next day, in the Port of Napier there occurred a third specimen 
Mesoplodon grayi, again a male, 398.8 cm long. It is tempting to speculate on the cause or causes of these three strandings at the same date but such is outside the scope of this short paper.

          
During the dissection of the three specimens I paid special attention to these vestigial teeth and I can confirm the previous descriptions of such teeth in 
Mesoplodon grayi. I prepared the rows of teeth by keeping intact the strips of gum in which they were imbedded (see Fig. 1). Each row of maxillary teeth was situated just posterior to the singly, well-developed tooth in each ramus of the lower jaw. The vestigial mandibular teeth were found just behind the normal tooth and opposite the maxillary ones. As can be seen in the figure, the teeth are rather large and it is possible that the animals make use of them when feeding. In this respect. 
Mesoplodon grayi partially resembles 
Tasmacetus shepherdi Oliver, 1937, Oliver's Beaked Whale, which has, in addition to two large teeth at the end of the lower jaw, two rows of 19 well developed but smaller teeth in the upper jaw and two rows of 26 smaller teeth behind the large ones in the lower jaw. One can speculate whether there is a relationship between the presence of these smaller teeth in 
Mesoplodon grayi and 
Tasmacetus shepherdi with the kind of prey they take.





[image: Fig. 1: Vestigial teeth in Mesoplodon grayi: 1, maxillary rows of a 373.4 cm long female; 2, maxillary rows and one mandibular row of a 356.8 cm long male; 3, one maxillary row of a 398.8 cm long male.]
Fig. 1: Vestigial teeth in 
Mesoplodon grayi: 1, maxillary rows of a 373.4 cm long female; 2, maxillary rows and one mandibular row of a 356.8 cm long male; 3, one maxillary row of a 398.8 cm long male.



          
After cleaning the skulls of the three Scamperdown Beaked Whales I extracted the normal, well-developed mandibular teeth. As is well known, these teeth are situated just anterior to the distal end of the mandibular symphysis. Whilst comparing the teeth with each other, I was struck by the discrepancy between the sizes of the teeth and the total lengths of the animals. In the 373.4 cm long female the lengths by heights of the teeth are 34.0 and 34.9 mm and 34.0 by 34.0 mm. In the small male of 356.8 cm length, the dimensions are 48.9 by 42.7 mm and 46.4 by 42.7 mm. In the larger male of 398.8 cm length, the dimensions are 35.7 by 36.2 mm and 34.4 by 35.3 mm. As in all Beaked Whales there was a distinct sexual dimorphism in the size of the teeth, it was not surprising that the teeth of the female were rather small. That the smaller male had larger teeth than the larger male I cannot explain, the more so as I could not find any significant differences in the state of osseous fusion of the bones between the two male skulls. It might perhaps be useful to check the teeth dimensions in other skulls of 
Mesoplodon grayi.





[image: Fig. 2: Normal, mandibular teeth in Mesoplodon grayi. From left to right: from a 373.4 cm long female; from a 356.8 cm long male; from a 398.8 cm long male. For the dimensions of the teeth in the metric system, see text.]
Fig. 2: Normal, mandibular teeth in 
Mesoplodon grayi. From left to right: from a 373.4 cm long female; from a 356.8 cm long male; from a 398.8 cm long male. For the dimensions of the teeth in the metric system, see text.



          
In the dorsal fin of one of the Scamperdown Whales I found, near the posterior rim, a circular hole, looking like a healed wound made by a rifle bullet. As it seemed very unlikely to me that somebody had really taken a shot at the animal, I wondered what had caused the hole — a parasite perhaps? According to Mr. G. P. van Andel (in verbis) this type of hole is often found in the flippers, flukes and dorsal fins of Baleen Whales and Sperm Whales in the Antarctic.
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Abstract
          

          
Descriptions of the three main postures of the tunnel web spider 
P. antipodiana are given. A behavioural/ecological interpretation of each posture is attempted. Emphasis is placed on the importance of the strike posture; and an experiment suggests that the angle the spider assumes to strike at prey is related to the prey height.

          
Intra- and interspecific encounters are described and it is indicated that the behaviour of this spider may help protect it from attack by small animals such as mice.

        

        

          

            
Introduction
          

          
The study of postures has been a recurring theme in the field of animal behaviour. Darwin wrote on the topic (1872), followed in the early years of this century by biologists like Heinroth and Craig. Most of the early studies were descriptive and many were concerned with the study of courtship in birds. Later writers began to use the study of postures as a basis for erecting models of behaviour, and the fixity of postures associated with instinctive behaviour was used in attempts to understand the functional organisation of the central nervous system in birds and fish. The so-called ‘hydraulic models’ of Lorenz and Tinbergen were the outcomes of these studies in the 1930′s and 1940's.

          
The study of postures is still popular with students of animal behaviour, but is more likely to be carried out as part of a wider study of animal communication than as a basis for interpreting the function of the nervous system. For example a recent paper by Wilson (1972) includes areas such as communication by chemical means and by sound as well as the role of postures in communication between animals.

          
In the field of spider behaviour, the most well known studies have probably been those of Crane (1949). These were concerned with the courtship behaviour of Salticid spiders, a group having good enough vision to communicate by posturing. Most spiders, however, have poor vision, so their postures are less elaborate and are most likely to be linked with the tactile rather than the visual senses. The present study is concerned mainly with an investigation of the rather spectacular aggressive or threat display of the large (body length often to 30 mm) New Zealand Mygalomorph spider, 
Porrhothele antipodiana, commonly called a tunnel web spider. This spider, like other Mygalomorphs, does not have a well developed visual sense;



as a consequence its postures could be expected to be less elaborate than those of the Salticids studied by Crane.

          
Certain aspects of the natural history of 
P. antipodiana have been published already (Laing, 1973). This spider takes a wide range of prey types; it moves about the environment rather than staying in the one burrow as seems to be the case with the trapdoor spiders; it is strongly photo-negative; and it probably has some natural enemies — for example, the two Pompilid wasps 
Salius monachus and 
S. fugax. (For a wide-ranging discussion of the New Zealand Mygalomorphs, see Forster and Forster, 1973.)

        

        

          

            
The Main Postures of the Spider
          

          


          

            
1. The Resting or Withdrawal Posture (Fig. 1)

            
The legs are drawn up to cast the cephalothorax into shadow and the area occupied by the spider is at a minimum. This posture is seen when the tunnel in which the spider lives is cut open and the spider is exposed to the light. It is also seen when a spider that has been taken from its web is allowed to run away; in which case it will usually crouch in this posture in the first shaded area it comes to.

            
When in this posture, the spider may be stroked and prodded without eliciting much response. The same posture is shown by a wide range of spiders — the orb-web spider (
Aranea), the large grass spider (
Miturga), the Katipo (
Latrodectus), and the trapdoor spider (
Cantuaria), so it is probably a common posture dictated by spider morphology.

          

          

            
2. The Alert Posture (Fig. 2)

            
The legs are spread out, the spinnerets are lowered and the fangs may be drawn slightly out of their grooves. This is the posture seen when the spider is at the entrance of its tunnel at night, waiting for prey to cross its sheet web. In this posture, the spider is ready for rapid activity in any direction. When running toward the prey, the spider often overshoots the prey animal, coming to rest with its palps touching the prey. Because its body is raised slightly on the legs, the spider's ventral surface is some millimetres above the prey, and in this position the fangs need only be raised forward to be in position to strike. It is rarely necessary for the cephalothorax of the spider to be raised by more than 5-10 degrees from the horizontal for the spider to strike.

            
It seems to be a common assumption that because of the paraxial chelicerae (having fangs moving in a vertical path, not horizontally as in the true spiders) of the Mygalomorph spiders, raising of the body to a substantial angle from the horizontal is needed to bring the fangs into a striking position. The preceding description, which is based on several hundred observations — both day and night, and in the natural habitat of the spider — indicates that the posture of rearing up of the whole body is not used for routine prey capture by this spider at least. Table 1 shows a summary of the observations made on prey killing postures.


[image: Fig. 1: The resting or withdrawl posture of P. antipodiana.]
Fig. 1: The resting or withdrawl posture of 
P. antipodiana.




[image: Fig. 2: The alert posture of P. antipodiana.]
Fig. 2: The alert posture of 
P. antipodiana.




TABLE 1: Approximate angle to which body is raised for prey capture in 
P. antipodiana

	Angle
	No. of Observations


	0-5°
	210


	5-10°
	90


	10-15°
	20


	15°+°
	—



            
The anatomy of the fang may explain how 
P. antipodiana can strike at prey without rising up to a substantial angle: the length of the fang is about 5 mm in a spider of body length 25 mm and it can be swung through 130 (Fig. 3). This brings the fang into a position where its tip strikes vertically downwards in the initial stages of its movement. Prey such as slaters and the smaller beetles have a body height of 2-5 mm usually, and as 
P. antipodiana may be standing with the lower edge of the cephalothorax more than 5 mm above the web surface, an upward raising of the cephalothorax of 2-3 mm is all that is needed for the fang to clear the prey on the upward swing. In addition, each parturon is moved sideways from the midline of the body to an angle of 30 degrees (Fig. 4), and this further increases the probability that the fangs, by travelling outwards rather than directly over the prey, will clear the prey on their upward swing.





[image: Fig. 3: The fang movement of P. antipodiana.]
Fig. 3: The fang movement of 
P. antipodiana.




[image: Fig. 4: The chelicera of P. antipodiana: (left) closed or at rest; (right) parted for a strike.]
Fig. 4: The chelicera of 
P. antipodiana: (left) closed or at rest; (right) parted for a strike.



            
The phylogenetic significance between the strike action of the Mygalomorphs and that of the true spiders has been pointed out to me by Dr. 
R. R. Forster (pers. comm.): the Mygalomorphs need to strike downwards, and so are somewhat restricted to a solid substrate where the pressure exerted by the fangs can be taken up.



The true spiders, however, transfix their prey in front of them and so can take their prey while suspended.

          

          

            
3. The Aggressive or Threat Posture (Fig. 5)

            
The body is raised up on the second, third and fourth pairs of legs, with the first pair directed upwards and almost fully extended. The angle the body reaches relative to the ground is often 60 degrees or more; while the fangs are swung forward and drops of venom often appear at the tips. In this position the spider has exposed the central surface of its body — the vulnerable areas such as the leg to cephalothorax joints and the lung openings are very accessible to a predator when the spider assumes this posture.

            
This posture is often adopted by the spider when it is removed from its web and is prodded lightly with a piece of stick. It is also adopted when the spider is in contact with a small vertebrate such as a lizard or a mouse. As to how widespread the use of this posture is in the normal living activities of the spider, it is difficult to judge for there are possibly few occasions on which such a display would be provoked.

            
Petrunkevitch (1952) described a similar posture for the North American tarantula 
Crytopholis

*; noting that ‘… touch excites no defensive response unless the approach is from above where the spider can see the motion, in which case it rises on its hind legs, lifts its front legs, opens its fangs and holds this threatening posture as long as the object continues to move’.

            
It is probable that the field of vision of the spider is curtailed by the upright posture, for 
P. antipodiana's ewes are placed quite high on the caput (raised area of cephalothorax where eyes are grouped), but the caput is not directed forward over the front margin of the cephalothorax. On morphological considerations it is probably difficult for this spider's visual field to extend downwards at a sharp angle. If the angle given in Fig. 6 is taken as a rough guide, then a spider of body length 20-25 mm, with the body raised at an angle of 50 degrees relative to the ground, would not be able to detect the movement of a small predator unless that animal was at least 20 cm distance from the spider. From this point of view, this threat posture could not be a very efficient form of defence as the spider cannot use its vision to help orient itself in relation to a predator such as a hunting wasp. Tactile stimuli do have a very marked effect on the spider while it is displaying — any touch to the legs results in the spider striking vigorously in the direction from which the touch came. The spider will rapidly re-orient itself in relation to the stimulus, swinging to the side or turning completely around to face in the appropriate direction. Once brought to the display posture, 
P. antipodiana will often remain in that position for more than five minutes, no extra stmulation being required to keep them this way. For comparison, Petrunkevitch's spiders resumed their prone posture once the external stimulation had ceased.





[image: Fig. 5: The threat display of P. antipodiana.]
Fig. 5: The threat display of 
P. antipodiana.



          

        

        

          

            
What Determines Angle of Strike?
          

          
From the observations on strike behaviour — that is strikes resulting from prey killing or from when the spider is displaying — the hypothesis was formed that it might be the height of the object that touched it that influenced the posure assumed by 
P. antipodiana. The hypothesis was tested initially by presenting blocks of modelling clay of different heights to the spider. The blocks, mounted on thin wire, were lightly touched against the front legs of the spider to simulate an animal coming into contact with the spider (Plate 1). Three blocks were used: 5, 10 and 15 mm in height. Each was presented five times to each of the fifteen spiders used. The approximate heights to which each spider responded to each block were averaged out to the nearest ten degrees to be used as ranks in a Friedmann Two-way Analysis of Variance. The results (Table 2) showed the average response of the spiders to the three models to be significantly different at the 0.1% level.





[image: Fig. 6: A representation of the lower limit of P. antipodiana's field of vision when displaying. Line A is drawn through the body of a spider raised 50 degrees above the horizontal; line B is the probable lower limit of vision; the object in front of the spider represents a predator moving in the area not covered by the spider's visual field.]
Fig. 6: A representation of the lower limit of 
P. antipodiana's field of vision when displaying. Line A is drawn through the body of a spider raised 50 degrees above the horizontal; line B is the probable lower limit of vision; the object in front of the spider represents a predator moving in the area not covered by the spider's visual field.




TABLE 2: Friedmann two-way analysis of variance of spider responses to blocks of three different heights

	Ranks:
	0-10
	1


	
	10-20
	2


	
	20-30
	3


	
	30°+
	4





	Spider No.
	5 mm block
	Rank
	10 mm block
	Rank
	15 mm block
	Rank


	1
	10°
	1
	10
	1
	10°
	1


	2
	10°
	1°20°
	30°
	3


	3
	20°
	2
	30°
	3°40°
	4


	4
	10°
	1
	20°
	2
	20°
	2


	5
	20°
	2
	30
	3
	40°
	4


	6
	10°
	1
	20°
	2
	30°
	3


	7
	10°
	1
	30°
	3
	30°
	3


	8
	10°
	1
	20°
	2
	40°
	4


	9
	10°
	1
	10°
	1
	40°
	4


	10
	10°
	1
	20°
	2
	30°
	3


	11
	20°
	2
	30°
	3
	40°
	4


	12
	10°
	1
	20°
	2
	30°
	3


	13
	10°
	1
	20°
	2
	40°
	4


	14
	10°
	1
	20°
	2
	30°
	3


	15
	20°
	2
	30°
	3
	40°
	4


	
	
	—
	—
	—


	Rank totals:
	
	19
	
	33
	
	49


	Friedmann
	Xr2
	— 51
	df — 2
	P — .001
	
	







[image: Plate 1: A large female P. antipodiana strikes at a 15 mm high block. The angle of strike is about 40 degrees from the horizontal.]
Plate 1: A large female 
P. antipodiana strikes at a 15 mm high block. The angle of strike is about 40 degrees from the horizontal.



          
The result of this testing seems a reasonable indication that raising of the body for striking is at least partly controlled by the height of the animal that contacts the spider. The spider must be ‘measuring up’ the animal or object that is contacting its front legs. It has two opportunities for doing this — first, when the initial contact is made with the prey and, second, when the spider has raised its legs for the sweep downwards to draw the prey in to the fangs. As the legs descend and contact the prey, the spider gains more information to assume a strike position appropriate to the size of the prey.

† The results of the experiment fit in reasonably well with the statements made earlier when describing the normal prey killing posture and they are also compatible with the comment on phylogenetic significance: that is, the spider rises to a height from where it can strike down at the prey; and in its web the spider is dealing with prey that are in the main 5 mm or less in height, so when it measures them up, the angle of strike that results will be quite low.

          
It is probable that this simple model based on a linear relationship between stimulus and response may not be detailed enough to explain why many spiders will jump up to extreme angles of 60 degrees or



more, with legs outstretched to the full and body quivering. Sometimes even a slight touch may set off one of these extreme responses — rather than assuming a specific strike posture, the spider appears to be displaying itself as a large, formidable animal. This aspect has been given further consideration in the section on interspecific encounters.

          
The part played by vision in determining the strike posture was investigated briefly: five spiders were temporarily blinded by painting over their eyes with black dope. The three clay blocks were presented to them as in the first experiment. The results (Table 3) are consistent with those for the normal spiders, indicating that angle of strike is probably little affected by visual stimuli.


TABLE 3: Responses of five blinded spiders to blocks of three different heights (Figures are average of five trials with each spider to each of the blocks)

	Angle to which body is raised
	5 mm
	Height of Block 10 mm
	15 mm


	0-10°
	2
	-
	-


	10-20°
	2
	1
	1


	20-30°
	1
	4
	1


	30°+
	-
	-
	3


	Totals
	5
	5
	5


	
	—
	—
	—



        

        

          

            
Postures in Intraspecific Encounters
          

          
The possibility that the threat posture might be linked with territorial behaviour or with intraspecific interactions in general was investigated. Pairs of spiders were placed together in a container of size 30 cm x 30 cm wide and 5 cm high. The encounter took place in dim light — one 25-watt bulb at 4 metres distance being the sole illumination. Thirty spiders were paired in different encounters, some being used several times to give a total of 100 encounters. Male/male, male/female, and female/female pairings were tried, but as the activities of the spiders were no different from one group to another, the data were massed with the following results: in 70% of encounters, one spider quickly retreated; in 15% of encounters both spiders quickly retreated; and in the remaining 15% both spiders gave fight. In these same 100 encounters, the approximate angle to which the body was raised to deliver a strike was estimated. The results were: 0-10° raising of body 51%; 10-20° raising of body 42%; 20°+ raising of body 7%. At no stage in these encounters was an extreme threat posture noticed. When contact took place between two spiders, one or both usually threw out the front legs and delivered a strike in the direction where contact was made.

          


          
In further attempts to provoke threat displays between these spiders, two individuals were placed in glass containers and brought close together in daylight conditions; then one spider was prodded into displaying in front of the other. There was no observable response from the spider in the opposite container. Holding a mirror in front of this spider also failed to elicit a display, further indicating the small part played by visual stimuli in its behaviour.

        

        

          

            
Postures in Interspecific Encounters
          

          
One of 
P. antipodiana's common neighbours under rocks and logs is the large brown grass spider, 
Miturga. It is possible that encounters between the two do take place in their environment. To test their reactions to one another, individuals of both types were placed in the container used in the first encounter experiment. In 80% of the encounters 
Miturga quickly retreated when contact was made; in 15% of the encounters both spiders quickly retreated on making contact; and in 5% 
P. antipodiana quickly retreated on making contact. In these encounters, the angle of strike assumed by 
P. antipodiana varied as follows: 0-10° raising, 55%; 10-20° raising, 40%; 20° + raising, 5%. The angle of strike was consistent for both intra and interspecific encounters then, and 
P. antipodiana was not seen to display the high angle threat posture in front of 
Miturga.

          
It may be of interest to note that when 
Miturga and 
P. antipodiana are matched on a body length basis, and when grappling does occur, the grass spider is overcome in eight out of ten encounters.

          
In its normal habitat, 
P. antipodiana probably encounters small vertebrates such as skinks, mice, rats and possibly hedgehogs. Spider remains have been found in the stomachs of both rats (Daniel, 1973), and hedgehogs (Campbell, 1973) in New Zealand studies, so it is reasonable to assume that a large spider like 
P. antipodiana could be used as food by these animals. Experiments were conducted to see how readily mice could kill and eat this spider, and to find out how the spider responded to attack by a mouse. The mice used were a mixture of strains: some were the result of accidental matings between white laboratory mice and wild mice living around the building, while others were the white mice and black mice commonly used in breeding experiments. The half-wild mice proved to be excellent animals for the spider experiment — they were far more aggressive and speedy than the laboratory mice. When a spider was introduced into the cage of one of the half-wilds, the mouse first investigated the spider for several seconds, sniffing closely at it. The spiders usually responded quickly to this by rearing up to an angle of 70 degrees or more and displayed vigorously at the mouse. The mice always attacked shortly afterwards (Plate 2), using a series of quick, darting rushes, nipping at the outstretched legs of the spider. The spiders struck repeatedly at the mice, but the latter withdrew very





[image: Plate 2: A mouse attacks a large female P. antipodiana, which has thrown itself into a high angled threat posture.]
Plate 2: A mouse attacks a large female 
P. antipodiana, which has thrown itself into a high angled threat posture.


quickly beyond the reach of the spider's legs and fangs. As the combats proceeded, the spiders usually tired and when pieces of their legs began to be bitten off, the resulting loss of body fluid spelled the end of the encounter. Finally, the mice would grasp the spider first in the front paws and proceed to eat most of the abdomen and the cephalothorax.

          
Several facts emerged from the mice/spider encounters: that mice will eat this spider; that the active defence put up by the spider does keep the mouse at bay for up to two minutes in some cases; that mice do have a behaviour pattern (probably innate) that enables them to attack this large spider in an efficient manner. The risk to the mice in these encounters is substantial, for when 
P. antipodiana does catch hold of a mouse and strike home for two to three seconds, then the effects of the bite prove fatal to the mouse. The immediate effects of the bite are that the mouse loses its orientation, runs around jerkily and shivers rapidly. Death follows in three to five hours. In some encounters, mice were bitten for a short time only — perhaps one second; their response to this was to break off the encounter at once and retreat to their nest. These mice were presented with the spiders again — sometimes up to one week following the encounter



in which they received a non-fatal bite. All of the mice in this group did investigate the spider they were presented with, and all retreated rapidly as soon as the spider reared up in a threat posture. The results of ten mice/spider encounters are given in Table 4.


TABLE 4: The effect of non-fatal bites on the subsequent behaviour of mice

	
	First Encounter
	
	
	Second Encounter


	Mouse No.
	Bitten
	Not Bitten
	Attacks
	Retreats


	1
	X
	
	X


	2
	
	
	X
	X


	3
	
	X
	X
	


	4
	
	X
	X
	


	5
	
	X
	
	
	X


	6
	
	X
	X
	


	7
	
	X
	
	X


	8
	
	
	X
	X


	9
	
	
	X
	X


	10
	
	
	X
	X



          
The data on these mice spider encounters are probably too few to draw any conclusions from, but it is tempting to view the display posture of 
P. antipodiana as a communicator of information and having a biological effect. Several other facts could be tied in with this view as well: 
Miturga, whose bite has little effect on mice, does not usually display to mice, but attempts to escape from the encounter as rapidly as possible. When mice do catch 
Miturga, they overcome it in a matter of seconds, showing little reluctance to come in close and grasp this spider in their paws.

        

        

          

            
Some Conclusions
          

          


	(a)
	The first posture described seems to need little comment — it is primarily concerned with concealment of the spider.


	(b)
	The second posture is of interest because of the common assumption mentioned in the text. It would seem that when observers have thought the spider must rear up to kill prey, the spider was either responding to a stimulus high above it, or was adopting its threat posture.


	(c)
	The third posture is possibly the most interesting — and the question could still be asked: is it merely a response to a certain set of stimuli, representing a high angled strike position; or is it a threat display involving a state of great excitation in the spider? From the bias in the text it will be obvious what position this writer has taken on the question.




	(d)
	
P. antipodiana is quite a successful spider — it has a far wider distribution than other New Zealand Mygalomorphs. Its range stretches from sand dunes to beech forest; it is at home in a variety of habitats: farm paddocks, stony hill outcrops, clay river banks, rotten forest logs, up trees, around dwellings, and so on. It certainly shares these habitats with a variety of other spiders, and possibly competes with some of them for web sites and food. One of its common co-habitants is the brown grass spider 
Miturga, a large and vigorous competitor. That 
P. antipodiana thrives may be due to a number of factors such as its ability to accept a wide variety of prey types., its ability to build its web in a wide variety of sites, its speed of running over its web in pursuit of prey, and the strength of its venom. Behaviour, too, must play a part in its success: its aggressiveness and fighting ability must help it in interspecific encounters, and in subduing large prey like ground beetles and bumblebees. Its readiness to defend itself against larger animals and the habit of displaying its potential for offence are probably important characteristics of this species, which would have to be taken into account to gain a fuller understanding of an animal like 
P. antipodiana.
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* This spider is a large Mygalomorph common in the southern United States.





† Bristowe (1958) gives several examples of spiders measuring up prey.
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Ella O. Campbell
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Abstract
          

          

Riccia bifurca and 
R. crystallina are recorded for New Zealand.

          
Notes are given on 
R. fluitans and 
Ricciocarpos natans.

          
The liverwort family Ricciaceae is represented in New Zealand by two genera, 
Ricciocarpos and 
Riccia. The plants are small and grow either floating in water or as rosettes or irregular colonies on soil. Ricciaceae is distinguished from other families of the Marchantiales by the simple construction of the sporophyte and its immersion in the thallus. The sporophyte is a spherical capsule which contains spores and in some cases sterile cells, but not functional elaters. It has no seta or foot.

          
A key to the two genera is as follows:



	1.
	Plants usually floating on water, rarely growing on damp soil; thallus composed of thin plates of cells enclosing large air cavities; ventral scales in 3-5 series on both sides of the mid-line or lacking … 
Ricciocarpos


	2.
	Plants growing on soil (except the floating form of 
R. fluitans); thallus consisting of an upper layer, where air cavities are bounded by walls of green cells or by columns of green cells, and a lower layer made of ground tissue; ventral scales in one or two series (in total) or lacking … 
Riccia


Since plants of 
Riccia are often ephemeral, it is likely that other species apart from those mentioned in this paper will be found in New Zealand. In fact, some are already known to be present but have not been obtained in quantities sufficient for determination.

        

        

          

            
The Genus Ricciocarpos
          

          

Ricciocarpos natans (L.) Corda

          
Description of the Plant

          
Plants are found as spongy rosettes or partial rosettes, up to 20 mm in diameter, either floating on ponds or stranded at the margin. Individual branches are up to 10 mm long and 8 mm wide.

          
The floating form is little branched and of a green or yellow-green colour (Fig. 1). The upper surface is firm and convex with a deep median furrow. On the under surface are few, if any, rhizoids but there are numerous conspicuous and characteristic, pendant scales. These are toothed, ribbon-shaped, and reddish-violet or brownish-green in colour. They have long-continued growth from a basal meristem. Branching is by forking of the apex and occasionally by adventitious ventral shoots.





[image: Fig. 1: Thallus of Ricciocarpos natans showing projecting scales.]
Fig. 1: Thallus of 
Ricciocarpos natans showing projecting scales.




[image: Fig. 2: Scanning electronmicrograph of Ricciocarpos natans showing pores in the upper surface of the thallus.]
Fig. 2: Scanning electronmicrograph of 
Ricciocarpos natans showing pores in the upper surface of the thallus.



          
The stranded form is of temporary occurrence in New Zealand as, unless protected, it is soon killed by exposure to wind and the heat of the summer sun. It differs in being more freely branched, in having numerous smooth and tuberculate rhizoids, but only rudimentary scales.

          

R. natans is reported to be monoicous. Sexual reproduction is reported to occur only in floating plants (Garber, 1904). None of the New Zealand plants which were examined were fertile.

          

            
Anatomy of the Thallus
          

          
The thallus is up to 3 mm deep. The upper epidermis is interrupted by simple air-pores (Fig. 2). The rest of the thallus is composed of several series of large air chambers bounded by unistratose walls (Fig.10). Cells in the upper part have chloroplasts, below they are colourless. Marginal and ventral cells may have reddish-violet walls.

          

            
Distribution
          

          

R. natans is cosmopolitan (Hassel de Menendez, 1962). Since it was collected by Colenso (Hooker, 1855) it is considered to be indigenous. Specimens were examined from lakes in the North Island, Marlborough and Canterbury.

        

        

          

            
The Genus Riccia
          

          
This large genus is divided into two subgenera, namely (1) 
Riccia with a rather compact photosynthetic layer consisting of more or less vertical filaments separating narrow air chambers and (2) Ricciella with a spongy photosynthetic layer consisting of unistratose walls enclosing large, polydedral air chambers.





[image: Fig. 3: Thallus of Riccia bifurca.]
Fig. 3: Thallus of 
Riccia bifurca.



        

        

          
Subgenus Riccia



Riccia bifurca Hoffm.

          

            
Description of the Plant
          

          
The plants are found on soil, usually as extensive irregular colonies, but occasionally as rosettes up to 1 cm in diameter (Fig. 3). Branches are up to 4 mm long and 1-2 mm wide. The thallus is firm, green or glaucous-green in colour, and has a flat surface except at the deeply-grooved mid-line. This latter is characteristic in being narrow near the apex, then widening to as much as one-third the thallus width, and still further back becoming indistinct. The upper surface, when viewed at a magnification of X 10 or higher, appears marked out into squares, the boundaries of which represent the lateral walls of the epidermal cells (Fig. 4). On the under surface are smooth rhizoids of diameter 17-25 μm, tuberculate rhizoids of diameter 10-12.5 μm, and small, hyaline scales which extend almost to the margin but wither early. Branching is by forking at the apex and by ventral adventitious shoots. Plants are monoicous. The black, tetrahedral spores have triradiate and reticulate markings and papillate projections (Fig. 5). There are conspicuous germ-pores and a broad wing.





[image: Fig. 4: Scanning electronmicrograph of part of the upper surface of Riccia bifurca after freeze-drying.]
Fig. 4: Scanning electronmicrograph of part of the upper surface of 
Riccia bifurca after freeze-drying.




[image: Fig. 5: Scanning electronmicrograph of spores of Riccia bifurca.]
Fig. 5: Scanning electronmicrograph of spores of 
Riccia bifurca.



          

            
Anatomy of the Thallus
          

          
The thallus in transverse section is 0.7 mm deep (Fig. 11). The dorsal epidermis consists of 1-2 layers of cells. Near the apex the free walls project in rounded or mammillate form but later collapse, leaving the firm lateral walls in position. The photosynthetic tissue consists above of vertical columns of cells, 0.2-0.5 mm high, separated by narrow vertical air chambers and gradually merges into a compact, ventral tissue with fewer chloroplasts.

          

            
Distribution
          

          

R. bifurca is known from Europe, North America (Frye and Clark, 1937) and from Australia (R. D. Seppelt pers. comm.). Probably it has been introduced into New Zealand. It has been collected from garden soil at Avenue Nurseries, Levin (
E. O. Campbell 17/7/73 MPN 17011).

        

        

          
Subgenus Ricciella



1. Riccia crystallina L. emend. Raddi

          

            
Description of the Plant
          

          
The plants are found on soil, usually as spongy rosettes, up to 3 cm in diameter and occasionally as irregular colonies of larger size (Fig. 6). Branches are up to 4 mm long and 1-2 mm broad. The colour of young plants is glassy green, of older plants grey-green. The upper surface at first is smooth but tends to collapse and erode with age. It is normally flat or slightly convex but in young parts may show a shallow groove at the mid-line. The under surface





[image: Fig. 6: Thallus of Riccia crystallina.]
Fig. 6: Thallus of 
Riccia crystallina.




[image: Fig. 7: Scanning electronmicrographs of a spore of Riccia crystallina: (a) distal face; (b) proximal face showing triradiate marking.]
Fig. 7: Scanning electronmicrographs of a spore of 
Riccia crystallina: (a) distal face; (b) proximal face showing triradiate marking.


carries smooth rhizoids of diameter 25 μm and tuberculate rhizoids of diameter 15-20 μm but lacks scales. Branching takes place by forking at the apex and in older thalli under humid conditions by marginal or ventral adventitious shoots.





[image: Fig. 8: Thallus of stranded form of Riccia fluitans.]
Fig. 8: Thallus of stranded form of 
Riccia fluitans.




[image: Fig. 9: Scanning electronmicrographs of a spore of Riccia fluitans: (a) distal face; (b) part of same at a higher magnification.]
Fig. 9: Scanning electronmicrographs of a spore of 
Riccia fluitans: (a) distal face; (b) part of same at a higher magnification.



          
The species is monoicous. The dark brown tetrahedral spores have a conspicuous triradiate and incomplete reticulate markings. There is a broad wing with a crenate margin (Fig. 7). Cytology, spore morphology and spore germination have been described previously (Chopra and Udar, 1957; Jovet-Ast, 1964-5, 1966; Seppelt, 1974; Udar, 1957).

          

            
Anatomy of the Thallus
          

          
The thallus shows differentiation into epidermis, photosynthetic tissue and compact ventral tissue (Fig. 13). In transverse section it is 0.5 mm deep. The dorsal epidermis consists of colourless, subspherical or papilliform cells which readily collapse. Beneath this





[image: Fig. 10: Transverse section of part of the thallus of Ricciocarpos natans.]
Fig. 10: Transverse section of part of the thallus of 
Ricciocarpos natans.




[image: Fig. 11: Transverse section of part of the thallus of Riccia bifurca.]
Fig. 11: Transverse section of part of the thallus of 
Riccia bifurca.




[image: Fig. 12: Transverse section of part of the thallus of Riccia fluitans. Fig. 13: Transverse section of part of the thallus of Riccia crystallina.]
Fig. 12: Transverse section of part of the thallus of 
Riccia fluitans.


Fig. 13: Transverse section of part of the thallus of 
Riccia crystallina.



epidermis is spongy photosynthetic tissue consisting of delicate unistratose partitions separating 2 to 4 layers of large air spaces. The compact ventral tissue has a depth of 3 to 5 thin-walled, almost colourless cells, decreasing to one at the margin.

          

            
Distribution
          

          

R. crystallina is cosmopolitan (Hassel de Menendez, 1962; R. D. Seppelt pers, comm.). Probably it has been introduced to New Zealand for it occurs on garden soil, usually as a spring ephemeral. It has been collected from the following localities in New Zealand: Grounds of Massey University, Palmerston North (
E. O. Campbell



24/10/73 MPN 17005); garden at 70 Kelburn Road, Wellington (
M. J. Parsons 20/9/60 MPN 17008); N.Z. Forest Service Nursery, Bulls (
E. O. Campbell 16/10/73 MPN 17009); Esplanade, Palmerston North (Zotov 3/10/33 CHR 7011. 
E. O. Campbell 24/10/73 MPN 17006); garden of J. Foweraker, Christchurch, where it has been known since 1928 (
E. O. Campbell 5/10/73 MPN 17007); summit of Mt. Eden, Auckland (
E. O. Campbell 18/8/74 MPN 17017).

        

        

          
2. 
Riccia fluitans L.

          

            
Description of the Plant
          

          
There are two forms of 
R. fluitans, one found floating or suspended in lakes, the other stranded in shallow or temporary pools. The floating form has a ribbon-shaped, green thallus, up to 9 cm long, forking at intervals of 0.8-10 mm. Branches are up to 0.3 mm in width. The upper surface is flat except for a shallow median groove near the apex. At a magnification of X 10 or higher it has a coarsely reticulate appearance produced by partitions between large air cavities in the thallus. Rhizoids and scales are lacking.

          
Plants of the stranded form are green or reddish-purple in colour. As compared with the floating form they branch more frequently (at intervals of 0.8-4 mm) and the branches tend to be wider (up to 0.6 mm) (Fig. 8). On the under side are smooth rhizoids of diameter 13-23 μm, tuberculate rhizoids of diameter 13-26 μm and sometimes residual fragments of scales. The species is monoicous. In New Zealand sporangia are readily produced on stranded plants. The spores have a broad wing and show reticulate markings (Fig. 9).

          

            
Anatomy of the Thallus
          

          
The thallus is up to 0.16 mm deep (Fig. 12). The epidermis is persistent, unistratose and in stranded forms is interrupted by minute pores. Most of the thallus is a spongy, photosynthetic tissue composed of unistratose partitions separating large air cavities, but on the lower surface, particularly in the stranded form, is a compact tissue 2-3 cells deep.

          

            
Distribution
          

          

R. fluitans is cosmopolitan (Stephani, 1898-1924). As it was collected in New Zealand by Colenso (Hooker, 1855), it is considered to be indigenous. Specimens studied were from Lake Rotoma, Rotorua (P. Sarma 14/5/73 MPN 17010); Fish Hatcheries, Masterton (C. T. Moss 9/46 CHR 163417); and Waituna Lagoon, Southland (
L. B. Moore 6/1/69 CHR 161583).
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Painted Lady Butterfly
          

          
Until recently I had never seen the Painted Lady Butterfly 
(Vanessa kershawi) in some forty years of insect-watching, though this may conceivably be a measure of my poor powers of observation rather than to the insect's rarity in New Zealand. However, I sighted one on December 15, 1973, in the grounds of Hereworth School, Havelock North, and another on January 18, 1974, on the property of Mr 
Thomas Crosse at Patoka in northern Hawke's Bay. The Painted Lady is usually assumed to be a visitor from Australia as it has never yet been caught in the act of breeding here, though there is general agreement that there is no particular reason why it should not as its food plants (various species of thistle) are available in this country. The Patoka specimen was certainly battered and shabby and looked as if it could easily have come from Australia, or the world's end for that matter. However, the Havelock North specimen, which alighted on a flower a few feet from me, seemed to be undamaged and fresh and in what stamp collectors would describe as mint condition. It was extremely difficult to believe that it had arrived from Australia, particularly as Hawke's Bay is on the east side of the island and there had been no prolonged periods of strong westerlies for some time before that.

          
It would be interesting to hear of any other observations of these butterflies that readers have made.

          

            

              
L. S. Rickard
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          BOOK REVIEWS


BIOLOGY OF PLANTS
        

        
by 
Peter H. Raven and 
Helena Curtis


Published by Worth Publishers Inc., New York, 1970. U.S. $11.95.

        
T
His is a magnificent book. Beautifully illustrated, almost encyclopaedic in its coverage and very up-to-date and well written. It is an extravagant book, in the better sense, with over 900 photos and line drawings (including a cartoon), not always limited to plants. For example, there are large photographs in this large book (706 pages, 9 inches X 10 inches) of the earth as seen from Apollo 7; a large crowd of people (‘We have met the enemy — and they are us’); smog; sea otters; a Galapagos tortoise and ‘Birth of a star’.

        
It is divided into eight sections. Section 1, 
the cell, covers structure, energetics and chemistry of the cell and the chemistry of heredity. Section 2. 
plant development, deals with the anatomy and physiology of plant development. Section 3, 
photosynthesis and respiration, makes excellent use of diagrams. Section 4, 
soil and water relationships, contains several striking scanning electron micrographs. Section 5, 
genetics and evolution, includes meiosis and its consequences, gene mutation, segregation, linkage, chromosome mapping, epistasis, the Hardy-Weinberg Law, ecotypic and clinal variation, introgressive hydridisation and apomixis, as well as other topics. Section 6, 
diversity of plants, which is over 200 pages in length, surveys the plant groups and discusses plant classification. There is a chapter on the origin and evolution of flowering plants, floral evolution, pollinators of flowers and the evolution and dispersal of fruits. Section 7, 
ecology, has chapters on the distribution of biomes, the integration of the community and the dynamics of the ecosystem. The final section, 
man and the world ecosystem, includes consideration of population growth, pollution, the use of pesticides and herbices and ways to increase the supply of food. There is a useful appendix on those fundamentals of chemistry which are helpful in the study of biology, as well as appendices on classification of organisms, temperature and metric conversion tables and geological eras. There is also a comprehensive glossary.

        
At appropriate points in the text essays are inserted in italicised type and include ‘The Economic Uses of Algae’, ‘Symbiotic Algae’, ‘Society and the Totipotent Cell’, ‘Water: A Most Extraordinary Liquid’, ‘Alexander von Humboldt’ and ‘Evolution of Photosynthesis’.

        
The enthusiasm and refreshing outlook which the authors have for biology is clearly communicated. This is even reflected in the carefully selected ‘suggestions for further reading’ at the end of each section. Thus, J. D. Watson's ‘The Double Helix’ is described as



‘“Making out” in molecular biology. A lively account of how to become a Nobel laureate.’ The text contains some vivid analogies, which are used with discretion. The advantage of synchronised operation of enzymes is likened to ‘workmen on the same assembly line, there is an obvious advantage to being able to turn them off and on together as a group — like blowing the factory whistle’.

        
My review copy was not without errors. For example, on page 25 ‘exoskeletons of fungal cell walls’ should ready something like ‘exoskeletons of arthropods and fungal cell walls’. On page 61 it is stated that chloroplasts are about 1 to 5 microns in length, but Table 1-3 gives chloroplast diameter as ranging from 5 to 20 microns (micrometres). On page 96 (section 1-76) ‘cytosine in place of thymine’ should read ‘uracil in place of thymine’. In figure 2-5 on page 119, vessels, tracheids and fibres are wrongly labelled.

        
In an introductory book of this nature (albeit one which is far more detailed than most) a more detailed labelling of some illustrations seems desirable. One hopes that it may be possible to include some colour illustrations in future editions.

        
In summary: this is a truly outstanding book; one which already has its imitators. ‘The Biology of Plants’ goes into considerable detail on a wide variety of topics and is therefore a valuable reference work and one which will serve a variety of courses. It is also very readable indeed. Buy it!

        

          

            

              
F. B. Sampson
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The Mountain Flora of Java
          
        

        
by 
C. G. G. J. van Steenis


Published by E. J. Brill, Leiden, Netherlands, 1972. D Fl. 140 (N.Z. $44)

        
The 57 handsome colour plates illustrating 456 species, which form the core of this book, were completed by the artists Amir Hamjah and Moehamad Toha, just before World War II. A provisional text was prepared towards the end of the war, but it required the stimulus of Professor van Steenis' retirement to finally bring about publication of the work.

        
The text was entirely rewritten in the year prior to publication. It provides a very readable, interesting and informative account of the mountain plants of Java and their environment, covering topics such as climate, volcanism, altitudinal zonation, vegetation types with emphasis on growth forms, and the origins and relationship of the flora. The vegetation types are illustrated by 71 well selected black and white photographs.

        
The colour plates are visually very attractive and although I do not know the species the drawings appear to be botanically correct.

        


        
Of particular interest to New Zealand botanists are illustrations of species of such familiar genera as 
Podocarpus, Weinmannia, Elaeocarpus, Gaultheria, Dianella, Leptospermum, Coprosma, Nertera and several others. In addition there are illustrations of certain species regarded as common to New Zealand and Java and elsewhere 
Dodonaea viscosa, Microtis unifolia, Pratia angulata (as 
Lobelia), Wahlenbergia gracilis (as 
W. marginata) and 
Haloragis micrantha.

        
This book can be recommended both as a collector's item and as valuable botanical reference.

        

          

            
J. W. Dawson
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Permanent Quadrats on Kapiti Island
          
        

        
by 
R. G. Bagnall, 1974


Published by Victoria University of Wellington. 104 pp. Price $4.00. Limited to 100 copies.

        
This is a report on the establishing of permanent quadrats in seventeen vegetation types on Kapiti to monitor vegetation change on the island. The report would be of interest to persons contemplating similar studies or with a particular interest in Kapiti.

        
Available from: Extension Department, Victoria University, Private Bag. Wellington.
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