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Larval Tunnelling and Associated Features of Navomorpha Lineata (Fabricius) (Coleoptera: Cerambycidae) in the Host Cyathodes Fasciculata



        

          Larval Tunnelling and Associated Features of 
Navomorpha Lineata (Fabricius) (Coleoptera: Cerambycidae) in the Host Cyathodes Fasciculata
        

        
By 
J. R. Grehan


Zoology Department, Victoria University of Wellington, Private Bag, Wellington, New Zealand.

        

          
New host records are given for 
Navomorpha lineata in 
Cyathodes fasciculata, C. juniperina, Nothofagus solandri var 
solandri and 
N. truncata. The tunnel structure of 
N. lineata is described for the host 
C. fasciculata. Four distinct types of tunnelling were observed and are related to different stages of larval development. Tunnelling causes localised swellings and lesions and is sometimes responsible for breaking of limbs.

          

Keywords: Coleoptera; Cerambycidae; Navomorpha lineata; larva; wood-borer; tunnelling behaviour; host-plants.

        

        

          

            
Introduction
          

          
Woodboring insects of live hosts pose a problem for those wishing to study their habits. Although their presence may be detected by surface manifestations, these may be difficult to detect and/or insufficient for specific identification. The insect itself usually cannot be extracted without considerable damage to the host species and there is the danger of damaging the insect itself beyond recognition. These characteristics have perhaps contributed to the relative paucity of information on habits and host range of New Zealand's live-wood borers.

          
With the exception of 
Oemona hirta (Fabricius) (Coleoptera: Cerambycidae), which has a very wide range of exotic host species (Dye 1950, Harrison 1976), New Zealand's live-wood borers are largely confined to indigenous hosts. 
O. hirta is a pest of primary importance within exotic hosts (DSIR Entomology Division Internal Annual Report 1979) and has been the subject of some biological study (Dye 1950, for exotic hosts). Of the indigenous plants which are hosts for live-wood borers, only 
Nothofagus spp. have a strong potential for major commercial exploitation (Chavasse 1978) with the result that 
Platypus spp. as potentially important pests, have become the subject of detailed study (Litchwark 1978, Milligan 1979). The only other live-wood borers to receive attention are 
Aenetus virescens (Doubleday), (Alma 1977) 
Navomorpha lineata (Bain, 1976) and 
Ochrocydus huttoni Pascoe (Hosking, 1978), which also occur in 
Nothofagus spp. (Milligan 1974) as well as other hosts.

          


          
Although 
N. lineata is a recognised pest there is relatively little information on its biology. This study of tunnelling in 
C. fasciculata may contribute to a more thorough understanding of the behaviour of this insect.

        

        

          

            
Study Area and Methods
          

          

N. lineata (Fig. 1) attack in 
C. fasciculata was studied at lake Pounui Reserve, Southern Wairarapa, in a 60-year-old broadleaf stand dominated by 
Leptospermum ericoides (Biggs 1977), and also at Wright Street Bush, Wainuiomata, in a mixed-age stand of 
Nothofagus solandri var 
solandri and 
N. truncata.

          
External and internal tunnel characteristics and associated limb malformations were studied for 40 
N. lineata tunnels. Fifteen larvae were extracted and their identity first confirmed by Mr J. Bain (Forest Research Institute) and subsequently by the author.

          

            

[image: Fig. 1 Navomorpha lineata adult.]
Fig. 1 
Navomorpha lineata adult.


          

        

        

          

            
Tunnel Characteristics
          

          
The eggs of 
N. lineata are usually deposited under bud scales of the host plant (Duffy 1963, Bain 1976). On 
C. fasciculata tunnels of young 
N. lineata were all found adjacent to cicada scars. This suggests that cicada scars are used by 
N. lineata as oviposition sites on this host. Bain (1976) described the early tunnelling stage as a downward spiral encircling the limb close to the surface but the tunnelling pattern in 
C. fasciculata does not take the form of a complete downward spiral. The wound caused by



cicada oviposition appears to prevent or discourage complete encirclement of the limb with the result that the larval tunnels turn back on themselves at the cicada scar. The diameter of limbs affected by this spiral tunnel vary from 5mm to 15mm (diameter measured immediately below spiral tunnel). The extent of the spiral tunnel varies from one or two loops to a network ramifying around the limb as far as the cicada scar and longitudinally for up to about 50mm. This variation in tunnelling results in different degrees of limb deformity.

          

            

[image: Fig. 2 Spiral tunnel malformation by Navomorpha lineata on Cyathodes fasciculata illustrating asymmetry of deformity and position in relation to the cicada oviposition scar. Bottom stem diameter, 7mm.]
Fig. 2 Spiral tunnel malformation by 
Navomorpha lineata on Cyathodes fasciculata illustrating asymmetry of deformity and position in relation to the cicada oviposition scar. Bottom stem diameter, 7mm.


          

          

C. fasciculata reacts to the spiral tunnel damage by a swelling of the limb above and below (figs 2, 3A) which stretches the overlying bark, producing a lacework pattern of bark distortion (fig. 2). Broken strands of bark often lend a serrated appearance to the edge of the damage (fig. 3A). The spiral tunnel and limb swelling is more extensive opposite the cicada scar (fig. 2). Callus tissue is sometimes produced on the edges of dead or exposed tissue and this growth may seal over the damage.

          
Later instars construct a longitudinal tunnel (fig. 3B) and frass is ejected through holes opening to the limb surface (Bain 1976). In 
C. fasciculata this tunnel may penetrate both up and down the limb from the spiral tunnel but it reaches its greatest length below. The usual length of the longitudinal tunnel was not determined in this study but lengths of up to 380mm were recorded for occupied tunnels. The longitudinal tunnel varies in radial depth from just below the surface of a limb to the centre.

          


          

            

[image: Fig. 3 A (left) Spiral tunnel malformation by Navomorpha lineata on Cyathodes fasciculata. Bottom stem diameter 14mm. B (centre) Damage caused by extensive subsurface feeding around stem of Cyathodes fasciculata. Bark overlying the subsurface feeding area has been removed. Longitudinal tunnel below the Navomorpha lineata larva. Stem diameter 11mm. C (right) Nothogafus solandri var solandri stem malformation by Navomorpha lineata. Extruded frass and shredded wood is visible in this specimen. Bottom stem diameter 10mm.]
Fig. 3 A (left) Spiral tunnel malformation by 
Navomorpha lineata on 
Cyathodes fasciculata. Bottom stem diameter 14mm. B (centre) Damage caused by extensive subsurface feeding around stem of 
Cyathodes fasciculata. Bark overlying the subsurface feeding area has been removed. Longitudinal tunnel below the 
Navomorpha lineata larva. Stem diameter 11mm. C (right) 
Nothogafus solandri var 
solandri stem malformation by 
Navomorpha lineata. Extruded frass and shredded wood is visible in this specimen. Bottom stem diameter 10mm.


          

          
Sometimes during the longitudinal tunnel construction phase the larva will undergo a temporary change in feeding behaviour. Instead of a well defined longitudinal tunnel the larva excavates tissue over a broader area beneath the bark, sometimes encircling the limb (fig. 3B). The bark and immediately underlying tissue is usually undamaged, therefore allowing continued terminal growth. Unlike the longitudinal tunnel, the cavity formed by the subsurface feeding is packed with frass. Construction of the subsurface cavity may occur close to the spiral tunnel and has been





[image: Fig. 4 Schematic diagram of circular gallery of Navomorpha lineata in Nothofagus solandri var solandri. Longitudinal section.]
Fig. 4 Schematic diagram of circular gallery of 
Navomorpha lineata in 
Nothofagus solandri var 
solandri. Longitudinal section.


observed where the longitudinal tunnel extends down a branch into a main stem. The limb reacts by swelling but this is distinguishable from the spiral tunnel by the difference in tunnel diameter associated with the underlying cavity (3-5mm compared with 1-2mm of the spiral tunnel).

          
Prior to pupation the larva may construct a circular gallery around the limb, weakening it sufficiently to break in the wind (Duffy 1963). This circular gallery is constructed by the larva tunnelling in the radial plane, across the limb, leaving only bark connecting the limb above and below (fig. 3B). At the circular gallery the occupied longitudinal tunnel is blocked either by shredded wood or a mixture of shredded wood and frass. The vacated tunnel is blocked by frass. Only one circular gallery was found in 
C. fasciculata in this study. Two examples of limb breakage were observed where the longitudinal tunnel was slightly spiralled rather than truly axial at the breakage point.

        

        

          

            
Discussion
          

          

Cyathodes fasciculata is described as a shrub species (i.e. characterised by the lack of a distinct trunk) by Allan (1961), and Poole and Adams (1964) and in the study areas 
C. fasciculata tends to be less than fully erect with a winding or twisted stem. The occurrence of 
N. lineata in the shrub 
C. fasciculata is of no surprise since it is known to attack a variety of trees and shrubs (Bain 1976). It is interesting to note that 
C. juniperina, a shrub of similar proportions to 
C. fasciculata (Poole and Adams 1964) which occurs at each study site, showed no evidence of attack. However one 
N. lineata larva was found in 
C. juniperina near the study site at Lake Pounui—suggesting that this plant may be a very incidental host.

          
No published accounts of host responses to 
N. lineata feeding in other plant species are available for comparison. However during the present study some examples of the tunnelling of 
N. lineata in 
Nothofagus solandri var 
solandri and 
N. truncata were examined. In these two hosts there is stem or branch swelling (fig. 3C) and varying amounts of localised dead tissue at the site of the spiral tunnel. The swelling was often difficult to distinguish in size and form from the swelling at a cicada scar where 
N. lineata was absent.

          
There appear to be differences between larval behaviour of 
N. lineata in 
N. solandri var 
solandri and 
C. fasciculata. The circular gallery (fig. 4) is



much more common in 
N. solandri var 
solandri than in 
C. fasciculata. In June 1980 at both study sites it was possible to find branches of 
N. solandri var 
solandri which were broken off as a result of the circular gallery without any special effort while only one example of this behaviour was found in 
C. fasciculata between December 1979 and July 1980. In 
N. solandri var 
solandri the circular gallery is sometimes constructed at both ends of the pupal chamber, isolating a length of stem or branch about 70mm long. This behaviour was not observed in 
C. fasciculata.

          
Lloyd (1949) observed severe damage to the terminal growth of various species of indigenous trees on the edge of clearings and on the forest margin which he attributed to cicada oviposition in both leading and lateral shoots. Among trees affected were 
Dacrydium cupressinum, Podocarpus totara and 
Leptospermum scoparium, all of which are known hosts of 
N. lineata (J. Bain 1980 pers. comm.). An unidentified cerambycid larva was found in terminal growth (probably those affected by cicada scars but this was not directly stated) of 
L. scoparium and 
D. cupressinum. Although damage, including resulting windbreak, was attributed to cicada oviposition it is possible that 
N. lineata was responsible for much of the damage through weakening caused by the spiral tunnel and perhaps the longitudinal tunnel associated with the cicada scars. 
N. lineata appears to have a definite preference for cicada scars as oviposition sites in 
C. fasciculata and branches of Douglas fir with cicada scars are particularly susceptible to 
N. lineata attack although 
N. lineata is not considered to be necessarily dependant on damage by other insects in all its hosts (Bain 1976). Some wind breakage of leading shoots at sites of 
N. lineata tunnelling was observed in 
C. fasciculata but this was not recorded quantitatively.

          
In 
C. fasciculata weakening induced by 
N. lineata larvae may hasten the death of a limb but I have not studied this aspect. I have observed that branches with larval tunnelling sometimes have noticeably fewer leaves and many of them are dead. Presumably the spiral tunnel inhibits phloem transport, while the longitudinal tunnel is often wide enough to occupy much of the cortex and therefore impede xylem transport.

          
The live-wood boring habit of 
N. lineata is shared by other cerambycid beetles such as 
Gastrosarus nigricollis Bates (Duffy 1963, J. Bain 1979 pers. comm.), 
Oemona hirta (Fabricius), 
Mesolamia sp., 
Ochrocydus huttoni and 
Brounopsis hudsoni Blair (Dugdale 1975). 
Gastrosarus nigricollis has been recorded in 
C. fasciculata (J. Bain pers, comm.) and may have similar effects on this plant. The appearance of infested limbs and tunnels as described in this paper are therefore not regarded as diagnostic of 
N. lineata. Further knowledge of the habits and effects of other cerambycids in the future may allow specific determination from these features. The only other wood borer found in 
C. fasciculata in the two study areas is 
Aenetus virescens (Lepidoptera: Hepialidae). Its larval activities can be distinguished from 
N. lineata by the presence of a silk-frass web where the larval tunnel opens to the surface of the host. No evidence was found of 
A. virescens attacking 
C. juniperina.

          
Specimens of 
Xanthocryptus novozealandicus (Dalla Torre) (Hymenoptera: Ichneumonidae) pupae were found in tunnels of 
N. lineata at Wright Street Bush. 
X. novozealandicus is a larval parasite of at least nine cerambycid species (Valentine 1967) but has not been reported as a parasite of 
N. lineata. Vacant tunnels of 
N. lineata are sometimes occupied by the larvae, pupae and adults of 
Artystona wakefieldi Bates (Coleoptera: Tenebrionidae).
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Notice Wellington Coastal Vegetation Survey from Red Rocks to Titahi Bay
          
          


          
Notice of Data Availability
        

        
Over a six week period, starting 6 January 1981, a vegetation survey of 204 subjectively chosen retraceable sites was undertaken by a group of students employed by the Environment Group Inc. under a Labour Department scheme.

        
Stratum Point Analysis (of 100 points), a Total Species Inventory, a Site Description at all sites, and a Soil Profile Description at 47 of the sites were undertaken. Vascular plants were identified to species level.

        
The data from Stratum Point Analysis and Site Description have been transferred to computer cards, while the data from Total Species Inventory have been coded in a form that lends itself to computer analysis.

        
All data are avaiable for analysis. A report on the methods used has been prepared. Enquiries should be addressed to: The Secretary, Environment Group Inc., Private Bag “EG”, Wellington.
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Earthworms in Glass Tubing for the Study of Blood Pulsation Rate.
        

        
By 
N. R. Fraser


Department of Zoology, Victoria University, Wellington, New Zealand.


A simple method is described for restraining live earthworms in a water bath by enclosing them in glass tubing to measure blood pulsation rates.

        

          

Keywords: Lumbricidae, 
Lumbricus; method; blood pulsation rate.

          
Earthworms provide a convenient means of studying circulation of the blood in invertebrates. Earthworms (Genus 
Lumbricus) are easily obtained most of the year, they can be examined without surgical intervention, and only the simplest equipment is required. The pulsatile movements of the dorsal longitudinal blood vessel in a posterior to anterior direction can be observed with little difficulty. The thermal sensitivity of the pulsation rate can be measured by immersing the earthworms in water, and altering the water temperature gradually; earthworms can live for fairly long periods in well aerated water. The usual method is to immerse the earthworms in water in a petri dish at room temperature; allow the worms to equilibrate for 20 minutes and then determine the pulsation rate by looking through a zoom stereo microscope at one particular section of the dorsal blood vessel. The water temperature is then lowered gradually to a lower temperature, usually 12 deg. C., by adding colder water; another equilibration period follows, and the pulsation rate is again determined, the procedure repeated at 4 deg. C intervals. Good lighting helps. A pair of students have been known to monitor up to four or five worms at one time. The dorsal blood vessel reaction to various drugs at different concentrations can also be studied by the water immersion method.

          
Research workers in other countries have found that over half the worms require little or no restraint, and most of the others require only a light touch of one or two fingers. It was also suggested that overly active worms can be excluded from the exercise (Hill, 1976). They have not met the calibre of New Zealand worms. My students and I have found that most of the worms are active, and do not remain quiescent under the light microscope, except for temperatures close to freezing point. Restraining the worms with two fingers of each hand was accepted by the worms as a challenge to wriggle out from between the fingers as soon as possible. Worms will also make a vertical roll, and turn the dorsal blood vessel out of sight.

          
To remedy this situation with minimal disturbance to the worms, Mr K. Bailey suggested the use of glass tubing to hold the worms stationary; I added the refinements of perforations for access of drugs and dissolved oxygen, and possible skirting of the glass at each end to keep the tubes off the bottom of the petri dish. Immature worms were used mostly, as the smaller 10cm length tubes fitted inside large petri dishes. The tubes were designed to be a little larger than the worms in diameter, to allow easy access of the worms into the tubes, hold them without discomfort and for water circulation around the worms. An internal diameter of 2.0mm was mostly found to be too small for the worms to enter and they refused to enter the tubes. Worms could be persuaded to enter 3.0 mm tubes and the worms would crawl down the full length of the tubes. The distant opening was plugged with a twirl of cotton inserted for approximately 10mm



length, with a cotton extrusion for withdrawal. After entry of the worm the near end was similarly plugged. Sideholes in the glass tubing had been made at regular intervals of 10mm. The holes were of 1mm diameter and the worms appeared to find it difficult to leave through these holes. I consider there should be a profusion of these small holes to allow easy entry of water and dissolved chemicals. 20 or 25mm of tubing at the head end of the worm can be without holes to discourage the worm from attempting to leave the tube. The worms sometimes double over in these 3.0mm internal diameter tubes.

          
Examination of the dorsal blood vessel can now be made at different angles to a lamp directed horizontally at the worm, with the tube immersed below water in a petri dish. The tube can be held lightly by the fingers, or better by forceps to prevent warmth from the fingers being transmitted to the worm. Rolling of the worm could be countered by rolling the tube in the opposite direction. In addition to the peristaltic movements of the dorsal blood vessel, white blood corpuscles can be seen moving through the general body cavity fluid.
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Notice


Announcing:


New Zealand Science Abstracts
        

        
This new serial publication is the printed version of the New Zealand Department of Scientific and Industrial Research's computerised bibliographic database SIRIS. Its scope is all scientific material published in or about New Zealand, and material published overseas by New Zealand scientists. The first volume was published in February 1982.

        
Like most other abstracting journals, 
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Procedures are given for the preliminary preparation of bulky samples, cleaning recent and fossil diatomaceous material, and the preparation of select and strewn diatom sides.
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Introduction
          

          
This paper is presented in two sections: first a description of the procedure for mounting a selected diatom or making a strewn mount and second, an appendix which includes the details of apparatus, materials and treatment methods under the following headings:

          


	1.
	
              A method of reducing the bulk of material prior to cleaning.
            


	2.
	
              Cleaning freshly gathered diatoms.
            


	3.
	
              Cleaning Oamaru earth and other similar diatomites.
            


	4.
	
              Treatment for the removal of flocculence in diatom samples.
            


	5.
	
              Diatom fixatives for select mounts.
            


	6.
	
              Cleaning slides and cover slips.
            


	7.
	
              Preparing slides for selecting diatoms from sample material.
            


	8.
	
              Preparing cell slides for thick diatom valves.
            


	9.
	
              A “seeker” for picking individual diatoms.
            


          
In the following procedures the appendices cited above will be referred to when appropriate, by their prefix numbers only.

        

        

          

            
Select Mounting
          

          
The following procedure is best carried out under a stereo microscope; a zoom instrument being preferable. Having found a diatom valve on a prepared slide (7) which is required for mounting, proceed as follows:

          
On the near side of sample slide (7) is placed a second dust free slide so that it is touching, and is line with the first slide. A cleaned 10mm cover circle (6) is taken up with tweezers in the right hand and held edgewise between thumb and second finger of the left hand.

          
Next the tip of the little finger of the right hand is dipped into distilled water and thoroughly rubbed dry on a dust free cloth. The left hand holding the cover is now held close to a spot lamp above the work area so as to drive off the moisture which should take 5 to 10 seconds to clear. The cover is now held near bench level in such a way as to reflect the spot lamp upon its surface, while with the right hand a toothpick is carefully dipped into a diatom fixative (5a-b). The tip of the toothpick is just touched near the edge of the cover so as to deposit the smallest possible drop. The tip of the cleaned little finger of the right hand is now very gently touched to the drop and lightly drawn across the central portion of the cover. This will require much practice, and when correctly done will show as a very thin smear, just visible under the spot lamp, when the cover is correctly manipulated.

          
The prepared cover is now taken by tweezers held in the right hand and carefully placed on the centre of the near slide under the stereo microscope,





[image: Fig. 1. Select mounted diatoms from Goat Island Bay, Leigh; prepared as described in the text. a. Surirella filholii Petit, S/N. 215 Stidolph collection; b. Thalassiosira eccentrica. (Ehrenberg) Cleve, S/N. 212 Stidolph collection; c. Triceratium affine Grunow, S/N. 208 Stidolph collection. Bar scales represent 10 microns. Photographs by S. R. Stidolph.]
Fig. 1. Select mounted diatoms from Goat Island Bay, Leigh; prepared as described in the text. a. 
Surirella filholii Petit, S/N. 215 Stidolph collection; b. 
Thalassiosira eccentrica. (Ehrenberg) Cleve, S/N. 212 Stidolph collection; c. 
Triceratium affine Grunow, S/N. 208 Stidolph collection. Bar scales represent 10 microns. Photographs by 
S. R. Stidolph.




[image: Fig. 2. Scanning electron micrograph of a marine diatom Biddulphia aurita var. obtusa (Kutzing) Hustedt, showing two individual valves with girdles. Bar scales represent 10 microns. Photograph by Victoria University Electron Microscope Suite.]
Fig. 2. Scanning electron micrograph of a marine diatom 
Biddulphia aurita var. 
obtusa (Kutzing) Hustedt, showing two individual valves with girdles. Bar scales represent 10 microns. Photograph by Victoria University Electron Microscope Suite.





fixative uppermost. A very small drop of water can be placed on the centre of the slide beforehand to prevent the cover from sliding off during manipulation.

          
The “seeker” (9) is now taken up in the right hand and carefully touched to the diatom required. A careful sweeping action is usually the most successful, and when fixed to the bristle it is possible to manipulate the seeker while studying the valve surface. It is desirable to mount the valve with the inside uppermost so that it will be seen from the outside in the finished mount. This also prevents the valve edges from being sealed in the fixative and trapping air. Sometimes it is necessary to deposit the valve and re-lift it so as to have it in a good attitude for final deposition on the cover. When the valve is suitably in position on the bristle end it is lifted vertically clear of the slide and held there while, with the thumb and forefinger of the left hand, the slide and cover is pushed forward until the cover is in the field of view. This is where the infocus zoom system is a great advantage, for the cover circle can be made to almost fill the field of view, thus allowing the diatom to be placed centrally on the cover with great accuracy.

          
The bristle end is now very carefully lowered to the centre of the cover and manipulated so as to place the valve level on the gum deposit; again considerable practice and patience is required to master this step. If too much gum (5a) has been deposited the diatom will be swamped and rendered almost invisible. This also results in gum residue usually remaining in the valve pores, often producing artefacts in the finished mount that can be mis-interpreted as valve structures; particularly in the case of the disciforms as the residue usually forms concentric circles. However, if gum (5b) is used, swamping does not occur because the smear dries before the diatom is deposited upon it; and is finally fixed by gently breathing on the cover. Gum (5a) remains wet until dried at a high temperature. When the diatom has been successfully deposited on the cover, the whole area can be inspected for dust particles and these can be swept away with the bristle before the cover with its slide is transferred to a slide heater for final preparation. A half petri dish should be placed over the slide and cover to prevent dust falling upon it.

          
I have designed and constructed a special micro slide heater utilising the sole plate of a domestic iron. This has an electronically controlled and switched temperature range allowing very accurate control, without overshoot; permitting the boiling point of any solvent such as xylene, to be closely approached without fear of causing bubble formation while hardening the medium, which in this case is naphrax (Fleming, 1954). A temperature of 142 degrees Celsius is chosen for two reasons: It is very near the B.P. of xylene (143 deg. C.) and is ideal for clearing the film of fixing gum (5a).

          
A cleaned slide (6) to be used for the final mount, is placed on the heater, behind the one bearing the cover circle. Upon the centre of the cleaned slide is placed a small drop of naphrax. It is preferable to use naphrax containing very little xylene which allows the mounts to harden more quickly. This naphrax is quite hard when cold but becomes fluid after standing on the heater for a while. A little xylene may be added occasionally to replace that evaporated away.

          
Before the cover is placed in the naphrax on the clean slide it is necessary to flood the cover and diatom with a drop of “imbibing solution” which consists of a very thin solution of naphrax in xylene. This



displaces the air from the pores of the diatom valve and largely prevents the formation of air bubbles in the final mount.

          
The imbibing solution is applied to the cover with a fine pipette and when the solution starts to evaporate away the cover is carefully pushed with a toothpick towards the edge of the slide so that it slightly overhangs the edge nearest to the prepared slide. This allows it to be carefully picked up with tweezers, turned over, and carefully lowered into the naphrax on the prepared slide. The slide can be taken off the heater after a minute or two, allowed to cool and then checked under the microscope. If satisfactory it can be put aside to be returned to the heater when the batch of slides is completed. The hardening should take 10 to 12 hours, when the heater can be turned off and the slides gradually cooled. Any bubbles that have not dispersed in the heating process can be driven off with extra heat from a spirit lamp, taking care to distribute the heat evenly to avoid cracking the slide.

          
It will be found convenient to make a small stand to take the bottles of the substances used in the above procedures. A base can be made of thick particle board about 110 × 200mm drilled with four holes the exact size of the small bottles used: Two small phials about 18mm diameter, one for the imbiding solution and one for xylene in which a small glass rod is placed after each application of naphrax. This xylene will in time form further imbibing solution from the small amount of naphrax dissolved in it after each application. Two larger holes are drilled to accommodate the diatom fixative bottle and the naphrax bottle when not in use. A hole about 6mm diameter is useful for holding a few toothpicks, and a small bracket can be fitted to hold tweezers and a pipette. The base can be fitted with rubber feet and coated with clear varnish to protect it from soiling.

        

        

          

            
Strew Mounting
          

          
The cleaned sample is checked for density by examining a temporary water mount under phase contrast. The sample can then be concentrated by decanting, or diluted with distilled water. In many cases samples will contain a little ammonia to prevent clumping; or a preservative to prevent the formation of fungus. It is necessary to remove any additive by further washing otherwise an evaporation ring and-or crystals will appear around the edge of the dried strew. An 
absolutely clean sample, 
slowly dried, will not leave a residue.

          
When the sample has been cleaned ready for use, some cleaned 16mm, No. 1½ cover circles are set out on a small strip of wood for easy handling. It is 
vital that the covers be 
absolutely clean (6), otherwise the material will not disperse evenly over the cover when deposited on it. The material is thoroughly shaken and a pipette partly filled. This is held several inches above the centre of the cover and a drop or two is allowed to fall. If the cover is clean it should be completely filled like a convex lens. If the liquid does not reach the edges evenly all around it can be made to do so by touching the end of the pipette into the drop and drawing the material towards the edge where it should remain.

          
The covers are now placed aside, under a perspex canopy to dry as slowly as possible. When dry they can be inspected under a stereo microscope and any dust particles or other debris can be removed. When the strewn material seems satisfactory the cover is placed on a slide upon the heater at 142 degrees C, while a cleaned slide, also on the slide heater, is prepared to receive it. A drop of naphrax is deposited on the slide centre



and a drop of imbibing solution is pipetted onto the strewn cover. The cover is then carefully slid with a toothpick to the edge of the slide where it can be carefully lifted with tweezers, turned over and deposited onto the naphrax. With strewn mounts it is usually necessary to apply heat from a spirit flame to disperse bubbles. When this has been done the slide can be cooled and inspected before returning to the slide heater to harden for 10 to 12 hours.

        

        

          

            
Appendix
          

          
1. A method of reducing the bulk of material prior to cleaning

          
A lot of sample material collected from tidal inlets, estuaries, etc, contains a large quantity of muddy sludge, sand, and other debris which makes cleaning prolonged and tedious. The following method is very successful in largely overcoming this problem:

          
The sample is first tipped from the collecting jar into a large beaker of fresh water which tends to kill the diatoms etc, and allows access to marine grasses, filamentous algae, etc. which may be shaken about vigorously and squeezed out to dislodge any adherent diatoms.

          
The mixture is then allowed to settle for several days when a lot of the water may be siphoned away. The next procedure is to pass the material in small quantities through a sieve, such as a petrol filter fitted into a large plastic funnel held under a running tap. A large container should be placed in the sink to take the material passing through the sieve. Large debris can be removed with tweezers from the material remaining in the sieve before it is washed into a beaker. Sieving should be done in stages, a small quantity at a time, followed by a reverse flushing of the sieve under the tap. This will prevent the sieve from becoming over-loaded and blocked. Upon inspection under the microscope, the heavy fraction may be found to contain no diatoms, but it will certainly separate a lot of debris from the main sample.

          
The above procedure is repeated a second time using a 38 micron sieve, which will give a good separation of the smaller forms, and the material remaining in the sieve is carefully flushed into a beaker. The whole procedure effectively frees the sample of salt and considerably reduces the bulk of material for final treatment as well as giving a good indication of the diatom species present. The two fractions can be concentrated and treated separately in the final cleaning described under heading 2.

          
Mud samples of marine estuaries etc, must always be washed in distilled water before further treatment. It has the property of holding clay particles in suspension, which can then be removed by siphoning or decanting. If calcareous water is used any clay particles present will be precipitated with the diatoms.

          
2. Cleaning freshly gathered diatoms.

          
The method used is that of Swatman (1941) revised by Hendey (1974). The method given in these references has been found very satisfactory and for several reasons is preferable to the more usual and vigorous mineral acid treatment: It has a more gentle action on the weakly siliceous forms thus preserving some of the species normally destroyed by boiling in acids.

          
Also it is not a hazardous operation, requiring no heating or giving off dangerous fumes. The cleaning is found in every way as effective as mineral acid treatment.

          


          
3. Cleaning Oamaru earth and other similar diatomites

          
The following method is that of A. J. Doig (personal communication) and has proved very satisfactory: In a suitable enamel dish place some of the material, broken to convenient sized lumps, to a depth of 12 to 18mm. Add an approximately equal quantity of sodium acetate crystals and heat in a water bath until the crystals liquefy. A few drops of water may be added as the acetate begins to melt. Stand dish aside until quite cold, then drop in a small crystal of acetate. The liquid, which should just cover the lumps of diatomite, will immediately solidify, with the generation of slight heat. Leave for an hour or more for the action to become complete within the lumps of diatomite, then again heat in a water bath. As the acetate melts, a certain amount of material will be seen to have broken down. Again cool and crystallize, and repeat the process until the diatomite has all broken down into mud. Now wash out into a 1/2 litre beaker of warm water, and allow to settle for at least one hour but preferably two. Siphon off the water to just above the sediment, refill and repeat above process at least eight times to remove all traces of acetate.

          
Oamaru earths may be divided into two groups, the siliceous and the calcareous. The older siliceous deposits, represented by Cormack, Allan's, Bairns and Lower Papakaio, underlie layers of volcanic rock, and contain little or no lime. The slightly more recent calcareous deposits, represented by Jacksons, William's Bluff, Troublesome Gully, Totara and Upper Papakaio, underlie deposits of limestone and contain lime in the form of shell fragments and foramenifera. This lime must be removed before treatment is begun. With calcareous material, after washing out the sodium acetate, pour in hydrochloric acid, in small quantities, until effervescence ceases. This must be removed, along with the calcium chloride formed by reaction with the lime; another series of at least six changes of water being required. The material will now be ready for treatment, which is described in 7 stages.

          
(1) In a “Pyrex” glass flask, or better still, a Pyrex ovenware dish, concentrate about 6mm of sediment, add about 25mm of commercial nitric acid, diluted 1:1, and boil for 20 to 30 minutes. Unless a fume closet is available, this operation must be carried out in the open air to avoid harmful acid fumes.

          
After boiling for 20 to 30 minutes, extinguish the stove and allow the sediment to settle. Now carefully pour off the greater part of the acid, and replace with dilute hydrochloric acid, again boil for 20 to 30 minutes. After cooling, pour the contents of the flask or dish into a 1/2 litre beaker of cold water. This must be changed at least six times to remove all traces of acids, allowing at least one hour for settling between changes. Care must be taken not to disturb the sediment when decanting or siphoning, which is preferable. When acid is removed, the material is ready for the second process:

          
(2) Place material is an enamel vessel with 300ml of water, add 1/2 teaspoon of sodium bicarbonate, and boil for 20 minutes. If a glass beaker is used, “bumping” may cause trouble. After boiling, transfer to a 1 litre beaker of water, allow to settle for two hours, decant or siphon, and repeat settling and siphoning seven or eight times to remove soda. The water will at first be turbid with fine earthy matter, of which a lot is removed during this stage. When the soda is washed out, the material is ready for the third process.

          


          
(3) Return material to the enamel vessel and add a teaspoonful of lux flakes and boil for 20 minutes. Heat must be applied carefully when approaching boiling point, to avoid sudden frothing over. After boiling pour into a one litre beaker of 
hot water and allow to settle for at least two hours. Diatoms and heavy material will sink, light earthy matter and fine fragments remain suspended in the denser soapy water. After settling, siphon off the soapy water, not going too close to the sediment, and replace with water 
nearly boiling. If a frothy scum of earthy matter forms on the surface after filling, allow this to remain a few minutes, then stir with a fork or spoon, washing the scum off the sides of the beaker. This will cause sediment held by soap bubbles to sink, but most of it will sink as the water cools. After drawing off each change of water, wipe the rim of soap from the sides of the beaker with a cloth. Repeated changes of hot water must be given until no more soap comes away. If the material is now examined it should show a few free diatoms, but will otherwise look much the same as before treatment.

          
(4) Again concentrate in a flask and boil again in nitric acid. After the acid has been removed as described in section (1):

          
(5) Boil again in soap and wash out soap as described in section (3).

          
(6) After the soap has been 
partly removed by four or five changes of water, return material to the enamel vessel, bring to the boil, and add about 1/2 teaspoon of sodium bicarbonate 
carefully and in 
very small quantities, as much frothing takes place on the addition of soda. Boil for 15 minutes, and wash out with repeated changes of hot water as for the removal of soap. Much earthy matter will be removed with these changes of water, and if now examined, the material should show a number of clean diatoms, sponge spicules, radiolaria, and clean sand, but a certain amount of earthy lumps and flakes will still be present.

          
(7) Repeat the soap-soda treatment until the material is clean.

          
A spread of fully cleaned Oamaru earth should show clean sand, diatoms and diatom fragments, sponge spicules and spongiolyths, radiolaria, and 
nothing else. If flakes or lumps of earthy matter are present, the material is not clean.

          
Most samples contain a large amount of sand. The heavier sand may be removed by whirling the mixture in a beaker. A teaspoonful at a time in an 800ml beaker is about the right amount. The beaker is whirled around to get the “whirlpool” effect, left to stand for a moment until the sand builds up in the centre, and the water is siphoned off at the edge of the beaker. Only 12mm of water over the sand and diatom mixture should be used at a time for best results. Repeated whirlings in this manner will remove the greater part of the sand. Very fine sand may be removed by sieving material through a 38 micron sieve, but very small diatoms will be lost unless the sievings are kept for examination.

          

Note: When cleaning large quantities of material, it is best to give one soap treatment before initial boiling in acid. This will reduce the bulk considerably.

          
4. Treatment for the removal of flocculence in diatom samples

          
A 5 per cent solution of sodium hydroxide is made in distilled water. To every 5cc of diatom suspension add 
No More than two drops of the 5 per cent solution. Bring almost to the boil and simmer for no more than one minute. Add cold water, neutralise with several drops of sulphuric acid, bring to the boil for a few minutes and wash sample in the usual way. Unless flocculence is very bad, one treatment should be sufficient. It should also remove the crystals which are sometimes seen in strewn mounts.

          


          
5. Diatom fixatives for select mounts

          
Several fixatives (gums) have been used sucessfully. The first was that used by A. J. Doig (personal communication); and the second was recommended by Brun which is preferable because it has nearly the same R.I. as glass and is invisible in the finished mount, even under phase contrast.

          
(a) Egg albumen 50% and Glycerine 50%.

          
Mix together by stirring fresh egg albumen with an equal amount of glycerine. Filter through the fastest paper (Whatmans No. 1); change the filter paper regularly and pour remaining deposit from one to another. When the mixture becomes too thick for further filtration discard and proceed again with a fresh mixture until sufficient fixative is filtered (10ml is ample). Add 1% chlorbutol and the mixture will keep indefinitely.

          
(b) Gum tragacanth powder, alcohol (methylated spirit), distilled water.

          
The powdered gum is made into a paste by carefully adding small quantities of alcohol from a pipette and stirring to prevent lumping. Warm distilled water is then very carefully added while stirring. A saturated solution is made and filtered while warm. Alternatively a thin solution of the gum can be more easily filtered and finally concentrated over a water bath. A little alcohol should be added to prevent mould formation.

          
6. Cleaning slides and cover slips

          
The necessity for absolutely clean slides and covers for critical work cannot be over emphasised. “Decon 90”, a laboratory glassware cleaner, has been used with excellent results. A 15 per cent solution in distilled water is prepared and kept in a wide mouth, screw-capped jar. The amount of soaking required depends on the degree of soiling; 1/2 to 24 hours being recommended.

          
However, with the “pre-cleaned” or “select” slides and covers it is usually sufficient to immerse for 30 to 60 seconds followed by a rinse in distilled water. Drying is done with a soft cloth or handkerchief and finally with tissue, while holding to a strong light source to inspect for dust particles and absolute cleanliness before using.

          
The following mixture is suitable for very dirty slides and covers which may remain immersed until required, when they are drained, washed in running water for about 10 minutes, rinsed in distilled water and dried as described above:

          

            

              

                
	potassium dichromate
                
	2 parts
              

              

                
	sulphuric acid conc.
                
	3 parts
              

              

                
	distilled water
                
	25 parts
              

            

          

          
Slides and covers can also be immersed in glacial acetic acid for cleaning until required. They are then removed, drained and finally rinsed and dried as described above.

          
7. Preparing slides for selecting diatoms from sample material

          
Obtain a number of reject slides and with fine carborundum paste grind one side of each slide so as to produce a frosted surface. This is best done by sandwiching a small amount of paste between two slides and gently grinding together until evenly frosted. The process can be checked by washing, drying and inspecting under a light source.

          
The purpose of the frosted surface is that when a strew of cleaned diatom sample is slowly dried upon its surface, the irregularities produced by the grinding prevents the diatoms from sticking down as they usually do on an ordinary slide.

          


          
The next step is to divide the prepared slides into grid squares which aids in scanning the material. The marking can be done with a carbide tipped scriber or a diamond pencil. The squares should be of such a size that their edges are within the field of view of the stereo microscope at a suitable magnification to the worker.

          
It is necessary to use top illumination and this tends to refract the light from the diatoms making them easier to see; a very shallow angle of illumination gives the best definition. A matt-black stage plate should be used for best results.

          
Many preparations can be stored away on frosted slides for long periods and they can be picked from when specimens are required for select mounts. It may be necessary to gently heat the preparations before using so as to drive off any moisture which tends to stick the diatoms down. In some cases however, the small amount of moisture can actually aid the removal of certain valves that may stick slightly to a perfectly dry surface.

          
8. Preparing cell slides for thick diatom valves

          
Slides are ringed on a turntable to make a circle of the same diameter as the cover circle to be used. Purple shellac ringing cement, soluble in alcohol, is quite good and withstands temperatures of 100 to 120 degrees C before releasing particles into the mount. Gold size soluble in xylene provides a better ring although it is harder to see when aligning the cover circle upon it. It is not so conspicuous in the finished mount; it withstands a much higher temperature without dispersing particles, and contary to expectations, it does not dissolve in the xylene remaining in the naphrax mounting medium while the mount is hardening.

          
The slides are prepared in convenient batches and placed in a warming cupboard for about five days to dry slowly. After hardening the ring is slotted in four places to allow air bubbles and surplus medium to flow out.This is accomplished by immersing the slide in a shallow flat dish of water prior to slotting. This prevents the shellac chips from adhering to the slide while cutting which is best done with a “gem” razor blade.

          
The technique has been very successful for mounts of large valves of Oamaru fossil forms. Providing slides of 1 to 1.2mm thickness are used no trouble will be experienced in focussing the substage condenser and reasonable optical sectioning with a 20 to 40x apochromatic objective is still possible.

          
9. A “seeker” for picking individual diatoms

          
The handle: This is made from 6mm square stock brass about 100mm long. It is drilled centrally in one end, parallel to its length, to a depth of 12mm with a 3mm hole. Another hole is drilled 6mm in from the end previously drilled, centrally on one of the sides so as to intercept the end hole. This hole is tapped to take a small grub screw and the diameter of the hole must suit a threading tap of the screw size chosen.

          
The seeker bristles: These are taken from a well worn paint brush which ensures that the bristles have well-rounded ends, which are essential for diatom manipulation. The bristles are cut about 25mm and a batch is selected under the stereo microscope to see that the bristle end is not split or coated with old paint. Next some pieces of insulated sleeving commonly known as “spaghetti” in the electronics trade, and having an outside diameter of slightly less than 3mm, are cut 25mm long. A small quantity of “Araldite” epoxy resin is now mixed and the cut end of each bristle is dipped into the mixture and worked into the end of the spaghetti pieces,



taking the glue in with it, to a depth of about 12mm. These bristles are now inserted into holes drilled into a small board prepared to receive 10 or so at a time. When hardened, one of the bristles is screwed into the end of the handle ready for use. The others are stored away for future use. Some bristles will be found better for picking up diatoms than others and by exchanging one for another, an ideal one should be found.
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Notice Auckland University Centenary
          
        

        
The University of Auckland will celebrate its centenary in May 1983. The year as a whole will be marked as a centennial year, but many events will take place during the “focus” weekend, May 6-9, 1983. Some will be formal, like the Honorary Degrees ceremony, others less so. Highlights for past students will be the reunions planned by departments and faculties and also by halls of residence. Those seeking further information should write to the Registrar.
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The Genus Anthoceros
          

          

            
(iii) 
Anthoceros laminiferus Steph.

            

              
(a) Distribution.

              

A. laminiferus is found throughout New Zealand but tends to be local in any one area. It is often conspicuous in spring and early summer on the freshly exposed surface of damp banks resulting from slips, or road construction. Colenso noted on his collection packet that fresh plants have a peculiar, alga-like odour but this is not always detectable.

            

            

              
(b) References and sources of material.

              

A. laminiferus was described by Stephani (1892; 1916) from specimens collected in New Zealand by 
W. Colenso. An examination was made of the holotype (Colenso, a 1283) held at the Stephani Herbarium, Geneva and of the sheet of notes and drawings (No. 734) made by Stephani; also of isotypes at the National Museum, Wellington, at the British Museum and in the Hodgson collection. Three additional specimens which were examined were collected and named by E. A. Hodgson (MPN 18554, 18555, 18556). Fresh material was obtained from Stewart Island, Nelson and Palmerston North.

              

                

[image: Fig. 1. A group of 3 thalli of Anthoceros laminiferus. Photo by L. Maiden.]
Fig. 1. A group of 3 thalli of 
Anthoceros laminiferus. Photo by L. Maiden.
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Fig. 2. Thalli with dehisced sporophytes. (
A. laminiferus). Photo by L. Maiden.


              

            

            

              
(c) Morphology of the gametophyte.

              
Plants occur either singly or aggregated into colonies (Fig. 1). They usually lie horizontally and are attached to the soil by rhizoids. Each rather firm to gelatinous, emerald to olive-green thallus has a basal costate region up to 1mm wide, then broadens abruptly into a more or less circular to reniform, simple or branched lamina 0.8-2.0 (-4.0) cm wide. The border is deeply cut into laciniate lobes (Figs. 1 and 2).

              
The antical surface in branches or plants which are sterile or male is generally plane apart from occasional lamellate outgrowths which often run lengthwise but in ones with archegonia the margins tend to be upturned and connivent so producing a shallow cup. The lower surface medianly is strongly convex or doubly convex for, as noted by Stephani (1892), forking of the costa takes place long before the frond becomes visibly bipartite.

              
Plants are generally monoecious with antheridia appearing on the same branches as the archegonia. However, some branches or even whole plants may be sterile or male. The antheridial cavities contain up to 8 or more antheridia, each with a short stalk and a body 0.1-0.24mm long. One, or sometimes two, archegonia are commonly present on each main branch of the thallus.

            

            


            

              
(d) Anatomy of the thallus.

              
As seen in a transverse section thalli with archegonia are thicker than male or sterile ones. In the latter there is a costate median region up to 0.8mm deep which narrows rather abruptly to a depth of 0.3mm and then more gradually towards the margin. Corresponding figures for plants with archegonia are 1.3 and 0.5mm. In addition to the cavities occupied by 
Nostoc there are numerous schizogenous cavities which are usually filled with mucilage (Fig. 3). Chlorophyllous cells each have a single chloroplast.

              

                

[image: Fig. 3. Diagram of part of a transverse section of the thallus; 1. lamella m. mucilage cavity r. rhizoid. (A. laminiferus).]
Fig. 3. Diagram of part of a transverse section of the thallus; 1. lamella m. mucilage cavity r. rhizoid. (
A. laminiferus).


              

            

            

              
(e) Morphology of the sporophyte.

              
Dehiscing sporophytes are 1-6cm high surrounded at the base by an involucre 5mm in height. The capsule has stomata in the epidermis and opens as in 
A. laevis (Campbell, 1981) by one or two slits which do not reach the apex. In dry air the valves twist spirally (Fig. 2). The brown-black spores have a maximum diameter of 42-58 microns. The surface shows reticulate marking, the triradiate face being reticulate-foveate (Fig. 4a), while on the ridges of the spherical face there are numerous simple or twinned spines 2.5-3.5 microns high (Fig. 4b). Pseudoelaters are formed of 2 to 6 cells without helical thickening.

              
Notes

              
Production of sporophytes apparently exhausts the gametophyte which commonly dies off both in nature and in culture as the capsules mature. However, either regenerative branches from the thallus edge or entire plants with few or no sporophytes may persist into a second year.

              

A. laminiferus probably derives its species name from the leaf-like appearance of the thallus with a broad lamina and a stalk-like base. It corresponds in many respects with 
A. punctatus L., a species which is best-known from the Mediterranean-Atlantic region of Europe but as well is recorded from Macaronesia, North and South Africa, North and South America and Asia (Paton, 1979). However, the thallus of 
A. laminiferus may generally be distinguished by its larger size and more deeply dissected margin.

            

          

          

            
(iv) 
Anthoceros muscoides Col.

            

              
(a) Distribution.

              
This species is apparently endemic to New Zealand. Colenso's specimens came from damp shady roadside cuttings in white indurated clay
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Fig. 4. Spore a. triradiate face, b. outer face. (
A. laminiferus). Scanning electron micrographs by G. Walker.


hills, Seventy Mile Bush, Waipawa County (Colenso, 1884). Earlier specimens are those collected by S. Berggren in 1874 at the Bay of Islands and Coromandel, while more recently E. A. Hodgson found it in 1956 at Wairoa and 
E. O. Campbell found it near Palmerston North.

            

            

              
(b) References and sources of material.

              
The holotype which is in the Colenso Herbarium at the National Museum, Wellington was available for examination. On the newspaper packet is written 
A. muscosa in Colenso's handwriting. It was described under the name 
A. muscoides (Colenso, 1884). Isotypes from the British Museum were also examined. These were annotated as 
A. muscoides by W. Mitten in 1886 and by J. Proskauer in 1959. They had probably been sent to Kew by Colenso and later transferred to the





[image: Fig. 5. Colony of Anthoceros muscoides. Photo by L. Maiden.]
Fig. 5. Colony of 
Anthoceros muscoides. Photo by L. Maiden.


British Museum. Berggren's specimens were available in the E. A. Hodgson Herbarium (MPN 18560, 18561, 18563) as were those collected by E. A. Hodgson (MPN 18558, 18559). Fresh plants were found on the soil in a shade-house at Massey University and also in the nearby Tiritea Valley.

            

            

              
(c) Morphology of the gametophyte

              
The plants are caespitose, growing over one another in soft, mossy colonies (Fig.5), up to 5cm across and basally attached to the soil by rhizoids. The colour of dry plants is dull yellow-green to green but when wet and viewed under a X10 lens or a stereomicroscope it is translucent green. The thallus has a smooth basal portion, at first about 1 mm wide, which is either plane, or shallowly trough-shaped due to upturned lateral margins. It gradually broadens into a distal portion up to 6mm wide. This is cut into laciniate lobes which are often erect or incurved, have crenate, undulate margins, and carry numerous lamellae. Plants are monoecious. The numerous immersed antheridial cavities each contain up to 5 antheridia at varying stages of development, all arising from a common base. The antheridium has a stalk of up to 4 tiers of cells and a body up to 0.13mm long and 0.09mm wide. One or sometimes two immersed archegonia appear on each main lobe.

            

            

              
(d) Anatomy of the thallus.

              
The thallus in transverse section is 0.2.-0.5mm thick in the median region and gradually becomes thinner to about 0.1mm near the
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Fig. 6. Diagram of part of a transverse section of the thallus. 1. lamella, m. mucilage cavity. 
A. muscoides.


margin. It has a spongy texture due to numerous, and often large, schizogenous mucilage cavities (Fig. 6). There are also antheridial cavities and a few containing 
Nostoccolonies. Each chlorophyllous cell has a single chloroplast.

            

            

              
(e) Morphology of the sporophyte.

              
The sporophyte is surrounded at the base by a cylindrical involucre 2 to 4mm high. The capsule, 3-6cm long, at first is green and erect but later black and drooping. It has a very thin wall and stomata in the epidermis. Other epidermal cells are long and narrow with slightly thickened walls except for thin-walled cells at the 2 dehiscence lines. The capsule opens lengthwise into 2 valves which twist spirally and for a time remain united at the tip. The brown-black spores have a diameter of 40-50 microns. The surface shows reticulate marking, the triradiate face being reticulate-foveate (Fig. 7a), while on the ridges of the spherical face there are numerous simple or occasionally twinned spines 1.5-2.5 microns high (Fig. 7b). Pseudoelaters, 75-250 microns long, are formed of 2-6 cells without helical thickening and may be branched or V-shaped.

              
Notes

              


	1.
	
                  Plants normally die off when the spores are shed but under favourable conditions regenerative shoots arise from the old thallus. Regeneration may also take place from lamellae which are readily detachable.
                


	2.
	
                  Characters which distinguish 
A. laminiferus from 
A. muscoides.
                


              

                

                  

                    
	Character
                    
	
                      
A. laminiferus
                    
                    
	
                      
A. muscoides
                    
                  

                  

                    
	Thallus texture
                    
	Rather firm to gelatinous.
                    
	Thinner and spongy
                  

                  

                    
	Thallus colour
                    
	Emerald to olive-green
                    
	Yellow-green to green
                  

                  

                    
	Thallus shape
                    
	Distally tends to be shallowly cup-shaped and costate
                    
	Basally tends to be trough-shaped, distally broader and frilled.
                  

                  

                    
	Mature capsule
                    
	More or less erect; brown-black
                    
	Drooping; black
                  

                  

                    
	Spore diameter
                    
	42-58 microns
                    
	40-50 microns
                  

                  

                    
	Spine length
                    
	2.5-3.5 microns
                    
	1.5-2.5 microns
                  

                

              

              


	3.
	
                  The status of 
Anthoceros helmsii Steph.
                


              
This species was described by Stephani (1893; 1916) from a specimen collected in New Zealand in 1885 by Helms. The type (G. 19822) was available for inspection, also drawings and notes made by Stephani (sheet





[image: Fig. 7. Spore (a) triradiate face, (b) spherical face. A. muscoides. Scanning electron micrographs by G. Walker.]
Fig. 7. Spore (a) triradiate face, (b) spherical face. 
A. muscoides. Scanning electron micrographs by G. Walker.


733 in the Stephani Herbarium, Geneva). Another named specimen, H1842 in the 
K. W. Allison collection, was collected by E. A. Hodgson near Wairoa in 1933 and determined by W. E. Nicolson. In my opinion the specimens correspond with 
A. muscoides. The name 
A. helmsii then is superfluous and should be rejected.
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The general question of the evolution of song repertoires is discussed. The major hypotheses advanced on the issue are introduced and the evidence from the literature is briefly reviewed. It is concluded that no one hypothesis adequately explains the evolution of song repertoires. It is suggested that the guidelines provided by Gould and Lewontin (1979) could be profitably utilised in song research.

          

Keywords: bird song repertoires; evolution; review; behaviour.

        

        

          

            
Introduction
          

          
One of the most interesting and puzzling features of bird song is the fact that in many species it is so complex. It has been shown that, broadly, song functions in territory defence (Peek, 1972; Krebs, 1977; Krebs et al. 1978), in mate attraction (Catchpole, 1980; Krebs et al. 1981) and in some species in the physiological preparation of the female for reproduction (e.g. budgerigars, Brockway, 1965; canaries, Kroodsma, 1976). It appears that in some species quite simple songs are capable of fulfilling these functions (e.g. fernbird, Jenkins, pers. comm.), yet many birds produce songs of great diversity and complexity (e.g. brown thrasher, Kroodsma and Parker, 1977; New Zealand starling, Jenkins in prep.). A large number of species attain a complex vocal output through the possession of a repertoire containing several song types e.g. chaffinch, Marler, 1952; great tit, Krebs 1976b).

          
Hartshorne (1956) estimated that roughly two-thirds of extant bird species possess repertoires. Research into the significance and possible evolutionary history of repertoire-singing seems important and of special relevance to New Zealand's vertebrate fauna, as it is dominated by birds. As so many of our bird species seem to have evolved in a dense forest habitat, where acoustic communication is of great importance, song repertoire studies may be of great interest. Certainly several species possess complex song repertoires. Tui song, for example, has so far defied detailed analysis and Hughes (1981) found considerable complexity in the vocalisations of the North Island kokako.

          
The origin of such vocal complexity is a question to which many authors have responded with hypotheses, but unfortunately few of these hypotheses are supported by convincing data. Given the importance of these ideas to present and future New Zealand bird studies, it seems appropriate here to briefly review the hypotheses that have been advanced on the issue.

        

        

          
1. 
Repertoires Enhance Recognition

          
Emlen (1971) suggested that factors promoting the distinctiveness of an individual's song(s) may allow others to more easily identify that individual. He argued that the possession of more than one song type (i.e. a repertoire) allows more opportunity for variability between individuals, and so may enchance individual recognition. Other authors (Krebs, 1977; Kroodsma, 1976b; Smith and Reid, 1979) have deemed this hypothesis unlikely, and pointed out that there is no evidence supporting this view. Krebs (1977) and Kroodsma (1976b) have in fact argued the opposite, that repertoires, if anything, probably make individual recognition more



difficult. Their conviction is based on a study which concluded that individual recognition was facilitated, as one might expect, by features within the song which are constant within an individual but vary between individuals (Brooks and Falls, 1975; see also Emlen, 1971; Shiovitz, 1975; Miller, 1979). Their interpretations differ however; Krebs argues, “A varied repertoire is very likely to decrease the chance that any feature of the song is constant within an individual” (Krebs, 1977, p. 475). Kroodsma centres his objections around the problem of repetition and the familiarity required for the recognition of each song type. “With larger repertoires, the amount of exposure to and probably the familiarity with each song type of neighbouring males will decrease proportionately; regardless of the neural mechanisms involved, distinguishing songs of neighbours from those of strangers may then become more difficult.” (Kroodsma, 1976b, p. 97).

          
Treisman (1978, 1980) proposed a slightly different scheme, that repertoires aid the recognition of KIN. By allowing for greater variability, repertoires might aid the formation of dialects. He interpreted dialects as being advantageous through restricting gene flow and thereby preserving local adaptation (see also Nottebohm, 1970, 1972, for similar adaptive explanation of dialects). Treisman also argued that animals settling near kin may obtain a selective advantage “… provided both sides can recognise their relationship in the sense that they apply appropriately modified aggressive strategies” (Treisman, 1978, p. 814). He suggests that the similarity of an individual's song with the dialect of an area may be a cue that allows that individual to find an area where many of its neighbours are likely to be relatives. Treisman presents no data in support of his view and Trainer (1980) (see also Slater and Ince, 1979) suggests that the literature lends itself better to alternative explanations (e.g. Nottebohm, 1969). Treisman's idea that repertoires aid the recognition of kin has found little support.

          
The importance of song repertoires to individual recognition is unclear. It must be concluded that the hypothesis is not supported by available data and seems unlikely to have been important in the evolution of repertoires.

        

        

          
2. 
Repertoires Evolved in Response to Intersexual Selection

          
Several authors have suggested that repertoires may be the product of intersexual selection (Nottebohm, 1972: Catchpole, 1973, 1976, 1979, 1980, 1981; Howard, 1974; Kroodsma, 1976a, 1977; Krebs and Kroodsma, 1980). “Once good quality males start being more successful by using more complicated songs, then the runaway process of intersexual selection leading to extreme elaboration could be set in motion” (Catchpole, 1981, p. 31). For this system to evolve, high genetic quality in the males must have been positively correlated with repertoire size. Natural selection would then favour females mating with males possessing large repertoires, as those males would tend to produce more offspring.

          
To demonstrate convincingly that repertoires are a product of intersexual selection alone, a study must show the following: (Note; the word “choice” is used in evolutionary sense).

          


	A.
	
              That females preferentially mate with males possessing large repertoires.
            


	B.
	
              That females are “choosing” males on the basis of repertoire size alone (as an indicator of genetic quality), and 
Not on the quality of the



resources controlled by those males (e.g. territory) or any other factor (e.g. reproductive experience).
            


	C.
	
              That males with larger repertoires leave more offspring over their entire lifetime (i.e. that they have greater whole-lifetime fitness).
            


          
No study has yet been able to satisfy these conditions.

          
Existing studies (Nottebohm, 1972; Catchpole, 1973, 1976, 1979, 1980, 1981; Howard, 1974; Kroodsma, 1976a, 1977; Payne, 1979; Krebs and Kroodsma, 1980) suggest but do not unequivocally establish that intersexual selection has been important in the evolution of vocal complexity in some species. For example, Catchpole (1973) has argued that the principal function of the sedge warbler's extremely complex song is one of mate attraction, because the males cease singing immediately after pairing. He suggests that intersexual selection “might well be the main evolutionary force responsible for this extraordinary elaboration” (Catchpole, 1979, p. 55).

          
The importance of intersexual selection in the evolution of behaviour is an aspect of evolutionary theory which is complex, hotly debated, and in general poorly supported by convincing studies (Lambert et al. in press). Catchpole, one of the chief proponents of this hypothesis (Catchpole, 1973, 1976, 1979, 1980, 1981), in reviewing his own work and the work of others, states, “Sexual Selection may be important, but there is little evidence for it” (Catchpole, 1979, p. 58). At present this hypothesis remains an undemonstrated possibility.

        

        

          
3. 
Repertoires Increase Success in Territorial Competition

          
Although Slater (1981) found no obvious relationship between repertoire size and territory size or quality, the studies of Howard (1974), Krebs (1976b), Krebs et al. (1978), Yasukawa et al. (1980) and McGregor et al. (1981) strongly suggest that males with large repertoires may be more successful in territorial competition. “Speaker replacement” experiments have shown that territories are more successfully defended by larger repertoires (Krebs, 1976b; Krebs et al. 1978; Yasukawa, 1981).

          
Two recent studies (Yasukawa et al. 1980; McGregor et al. 1981) have determined that large repertoires may convey a reproductive advantage. It is known that survival of young is closely correlated with fledgling weight (Perrins, 1965). McGregor et al. (1981) found that great tits fledge heavier on territories defended by a male with a large repertoire; thus large repertoire males may have a reproductive advantage. Yasukawa et al. (1980) showed a correlation between repertoire size and pairing date in red-winged blackbirds (Males pairing earlier leave more offspring). Both studies interpreted this reproductive advantage as being the result of large-repertoire males being more successful in the male-male (intrasexual) competition for high quality territories; the reproductive difference being merely a reflection of the variation in territory quality. Both studies argued that the large-repertoire advantage was not the result of “female choice” of large-repertoire males because of their intrinsic fitness (see 2). Yasukawa et al. (1980) state in their final sentence, “Red-winged Blackbird song repertoires probably evolved in response to intrasexual selection” (p.237).

          
As yet there have been no experimental studies which clearly discriminate between the forces of intra and intersexual selection in the evolution of vocal complexity. Such a study would seem extremely difficult



to design due to the confounding factors of age, reproductive experience and all the manifestations of male-male competition. Until such studies are done this area will remain grey, but on the basis of evidence currently available, it seems likely that intrasexual selection has been important in the evolution of some repertoires.

        

        

          
4. 
Repertoires Allow the Use of Different Songs in Different Contexts

          
Lein (1978) and Smith et al. (1978) suggested that different song types may represent different display intensities, so that a repertoire allows the use of graded vocal signals. They noted that some song types were used primarily near the territory centre, while other types were used closer to the periphery. This differential usage was interpreted as reflecting the probability of attack by the resident on a trespasser. However, studies by Krebs et al. (1978) and Smith and Reid (1979) have shown that different song types are used equally in all parts of the territory, and that (with some suggested exceptions, Morse, 1970; Lein, 1972) different song types (at least in great tits, Krebs et al. 1981) do not appear to have different overall functions (this study showed that all songs were used for both territorial competition and mate attraction, and that no one song was used as if it was “sexier” or more aggressive than the others). Slater (1981) found that the sequence of chaffinch song types changes little between normal song and response to playback, suggesting that chaffinches do not use different songs in different contexts.

          
Hinde (1958) and Bremond (in Armstrong, 1973) suggested that if it is important in territory defence to match the songs of a neighbour (matched countersinging), then the possession of a repertoire may allow an individual to match songs with more than one neighbour. “Song matching occurs when a bird responds to playback or a rival with a song out of its repertoire that closely resembles the stimulus song” (Krebs and Kroodsma, 1980, p. 151). Song matching appears common and has usually been interpreted as an aggressive response. Krebs et al. (in press) suggest that the degree of 
matching acts to signal different levels of response to the intruder. Alternative explanations exist, however, suggesting that matching may not be an aggressive response. Kroodsma (1979) hand-raised two marsh wrens and found that the subordinate bird tended to match the dominant bird's song, but not vice versa. Also the study by Baker et al. (1981) (and others, see 7) showed that the response of residents was stronger to the playback of a neighbouring dialect than it was to playback of songs from within their own dialect area. These observations are consistent with the Acoustic Camouflage hypothesis (Craig and Jenkins, in press; see 7) and suggest that song matching may not be primarily aggressive in function.

          
It seems possible that “different songs in different contexts” may have been a real influence in the evolution of repertoires. Certainly song matching is likely to be far more important in certain species (for example, chaffinches and great tits show a tendency to match playback; Hinde, 1958; Slater, 1981; Krebs et al, in press; whereas no such tendency is found in western meadowlarks; Falls and Krebs, 1975). If this is so, song matching (per se) may have many functions. The importance of song matching to the evolution of repertoires is, at present, unclear.

        

        


        

          
5. 
Repertoires Prevent Habituation

          
Hartshorne (1956, 1973) advanced the “anti-monotony principle” which proposes that diversity in a song sequence counters the monotony of a continuously repeated signal. Possession of a repertoire may then allow an individual to sing continuously without becoming monotonous. If the song conveys a territorial “
Keep Out” signal, a varied performance may ensure that the songs remain effective (i.e. neighbours and intruders do not habituate to them). In support of this, Hartshorne presented evidence of a general interspecific relationship between “continuity” and “versatility” (see Slater, 1981; for alternative explanation of this relationship). Whether this relationship existed was questioned by Dobson and Lemon (1975) but confirmed by Kroodsma (1978).

          
Also in general support of this hypothesis is the work showing that individuals habituate more rapidly to the repeated playback of a single song type than to a repertoire (Krebs, 1976b). Although some features of song and behaviour are not consistent with this hypothesis (e.g. the enormous repetition of song types before switching; Krebs, 1978; Krebs and Kroodsma, 1980; Slater, 1981; all song types are not necessarily repeated with equal frequency; Slater, 1980, 1981; Dawson, in prep.), it is supported by considerable observational data (see Krebs and Kroodsma, 1980, for review).

          
Krebs (1976a, 1976b, 1977; with Kroodsma, 1980), Falls (1969) and Slater (1981) have considered why habituation occurs. Basically three ideas have been proposed.

          


	A.
	
              That habituation is a fundamental property of neural systems, and has arisen because it is generally advantageous to ignore repeated stimuli (see Krebs and Kroodsma, 1980).
            


	B.
	
              That habituation in the neighbour-neighbour context is adaptive in that it saves time and energy; then established neighbours do not waste time responding vigorously to each other's songs (Falls, 1969).
            


	C.
	
              That habituation plays a major role in the settlement of immigrants into an area. Krebs (1976a, 1976b. 1977) suggested that habituation is part of a mechanism by which intruders assess the density of residents in an area. He suggests that perhaps the bird will not settle if it cannot habituate to the songs of the area, and will move on to a less densely populated area.
            


          
There seems no doubt that habituation in this context does occur, and that the possession of repertoires by residents would make habituation (in an intruder) slower or less likely. No study has yet shown why habituation (per se) occurs to song performances. Although the issue is cloudy, it seems likely that habituation may have been important in the evolution of repertoires.

        

        

          
6. 
The Beau Geste Hypothesis

          
One of the most recent hypotheses, the Beau Geste hypothesis (Krebs, 1977), suggests that “… song repertoires in some species have evolved in the context of density assessment… I suggest that repertoires are used by resident birds to increase the apparent density of singing residents, and hence decrease the apparent suitability of the area to new birds” (Krebs, 1977, p. 475). The idea is extremely simple, if, for example, an individual sings five different song types, then that individual may appear to an intruder to be five different birds. As previously mentioned, Krebs (1976a, 1976b, 1977) has argued that there needs to be a “functional explanation



for intruder habituation” (Krebs, 1977, p. 477), and that is that “habituation is a plausible proximate mechanism by which a bird estimates the number of song types in an area” (Krebs, 1977, p. 477). He incorporates the habituation hypothesis into the Beau Geste hypothesis by suggesting that a bird may not settle in a new area until it has habituated to the songs of that area; therefore if each resident sings a number of different song types habituation will be slower and settlement more difficult. Clearly, if the Beau Geste hypothesis is applicable to a species, certain features of the song and singing behaviour of that species must be consistent with the “desired” deception. For example, the singer would be expected to change song post between renditions of different song types, so as to give the impression that he was more than one bird. These aspects have been studied for red-winged blackbirds (Smith and Reid, 1979; Yasukawa, 1981), great tits (Krebs et al. 1978) and chaffinches (Dawson, in prep.). Jenkins and Dawson (submitted for publication) have argued that the data from red-winged blackbirds (Smith and Reid, 1979; Yasukawa, 1981) are not relevant to the testing of the Beau Geste hypothesis, as song post changes in this species are easily visible to an intruder.

          
Rechten (1978) suggested that the hypothesis may be important in explaining the evolution of interspecific mimicry, but unfortunately there are no hard data pertaining to her suggestion.

          
The Beau Geste hypothesis has been criticised on theoretical grounds (Slater, 1978) chiefly due to problems of song type repetition. The question of how often a song type should be repeated before the singer changes song type is an area of disagreement for the two major workers in this field (Krebs, 1977, 1978; Slater, 1978, 1981). Slater has also suggested that according to the Beau Geste hypothesis, a bird should use all its song types equally (Slater, 1981). The studies of Slater (1981) and Dawson (in prep.) show that some chaffinches repeat one song type almost to the exclusion of the others. By Krebs’ (1978) own admission, the Beau Geste hypothesis has problems, but with relevant data from only two species (great tits and chaffinches) it is impossible to justify a generalisation regarding its overall importance.

        

        

          
7. 
The Acoustic Camouflage Hypothesis

          
A number of studies have shown that the response of resident birds is greater to the playback of a stranger's song than it is to the playback of a neighbour's song (Weeden and Falls, 1959; Brooks and Falls, 1975; Kroodsma, 1976b; Wunderle, 1978; Baker et al, 1981). Craig and Jenkins (in press) argue that it would be advantageous for intruders to be able to sound like residents, as presumably by doing so they would evoke a less aggressive response. They argue that the pressure on intruders to match may be countered by a pressure on residents to make the matching of their songs more difficult. They suggest that repertoires evolved as a means of achieving a complex vocal output so that intruders find it more difficult to match songs (sound like a resident), and so are discouraged from settling. Supporting this hypothesis is Jenkins’ (1978) observation of a saddleback that modified its song as it dispersed to a new area, the modified song more closely matching the “dialect” of the new area. As discussed previously, some authors are in doubt as to whether song matching is aggressive or not (see 4). If song matching is highly aggressive, then an individual that matched songs from an area would be expelled from that area faster than an individual that did not match songs. Also possibly at variance with the



Acoustic Camouflage hypothesis is the evidence that nightingales share less of their song types with close neighbours than they do with more distant birds (Hultsch and Todt, 1981).

          
A strong point of this hypothesis is that the authors have (as Krebs has for the Beau Geste hypothesis) generated a number of predictions which will be useful in evaluating its importance.

        

        

          

            
Conclusions
          

          
One obvious characteristic of the literature concerning the significance of vocal repertoires is that there are many hypotheses but few hard data. Many of the hypotheses have appealing features and are supported by some field evidence. As yet no one hypothesis adequately explains the evolution of repertoires. On the basis of the variety of species possessing repertoires and the variety of social systems involved, it seems doubtful whether such a general explanation exists. Also, only adaptationist (sensu Gould and Lewontin, 1979) explanations have been stressed in the literature, and the existence of constraints in the evolution of song repertoires has not been widely considered. Gould and Lewontin (1979) suggest a more holistic approach to evolutionary questions. They advocate the consideration of apparently adaptive aspects of a behavioural or morphological feature in the light of the constraints imposed by epigenesis, the environment, conflicting selective forces, and random effects in allele fixation. In short, they argue that organisms must be analysed as integrated wholes.

          
Although the merit of this approach seems obvious, its influence is absent in most song studies — perhaps that is why we have so few answers to the basic questions.
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