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A New Species of 

Ceratrimeria
                 (Collembola: Neanuridae) From Zaire
            

            
by


              
J. T. Salmon and 
E. C. G. Adams,

Victoria University of Wellington.

          

          

            

              
Abstract
            

            

              
The new species described and illustrated here is similar to 
C. pulchella Handschin but differs in the structure of the post antennal organ and the claw.

            

          

          

            

              
Introduction
            

            
This species is described from part of a large collection of Collembola made by Dr N. Leleup and others some years ago in Central Africa. The collection was sent to the senior author for study by Dr J. Decelle, Musee Royal de l'Afrique Centrale, Tervuren, Belgium.

          

          

            

              
Description
              

Ceretrimeria leleupi 
sp. nov.

Figs. 1-9
              
            

            

              
Colour: Dorsally mottled purple to black; ventrally pale yellow: legs and furcula pale yellow mottled with dark purple; antennae dark purple.

            

              
Clothing: Rather sparse of short simple setae.

            

              
Body: Length up to 5 mm, almost half as wide as long, flattened, with large paratergal areas on each thoracic segment (Figs. 9A & 9B), smaller ones on Abds I-IV. Abd. VI clearly seen from the dorsal surface (Figs. 4 & 9A). The antennae subequal to the head length with segments III and IV partially fused; Ant IV longer than Ant III, the segments related as 20:27:20:32. Sensory organ on Ant III close to the posterior border and consisting of two short curved sense rods each in its own individual cuticular pouch (Fig. 8). Ant IV apically with three eversible sensory knobs and several long and short blunt exposed sense rods (Fig. 7) ; long curved setae on the basal two-thirds of Ant IV. Mandible (Fig. 6) clawlike with six teeth on the head and the shaft twisted so that the teeth form a shallow basin or scoop. The maxilla is needle-like consisting, on close examination, of two slender shafts one of which is slightly shorter than the other and faintly recurved or crochet-like at its apex (Fig. 5). Ocelli eight to each side, subequal and on black fields. Post antennal organ (PAO) broadly elliptical with 27-30 elongated tubercles arranged irregularly as two distinct groups; an outer on the periphery of the ellipse and an inner rather incomplete group sometimes reduced to only three or four (Fig. 3). Cuticle of the body finely tuberculate. Corpus of tenaculum naked and each ramus with three barbs.
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Figs. 1-8. Ceratrimeria leleupi 
n.sp.
              

Fig. 1, Base of manubrium with mucrodens; Fig. 2, Claw; Fig. 3, PAO and adjacent ocellus; Fig. 4, Outline of Abd. VI as seen from the dorsal surface; Fig. 5, Apex of maxilla; Fig. 6, Outline of apex of mandible; Fig. 7, Apex of Ant. IV; Fig. 8, Sensory organ of Ant. III with two short sense rods.

Magnification: Figs. 3, 5, 6, 7 and 8, Scale A; Figs. 1 and 2, Scale B; Fig. 4, Scale C.


            


            

              
Foot: Claw (Fig. 2) stout and tuberculate basally with a very short outer basal, stout, spine-like seta and a very large single inner basal tooth.

            
No outer teeth. Hind claws more tuberculate than other claws.

            

              
Furcula: Reduced (Fig. 1), about one quarter length of antennae. Manubrium, dens and mucro related as 45:40:15. Manubrial hooks quite large. Five simple setae arranged as two groups of three transverse basal and two distal on each dens. Mucro slightly recurved, granulate basally and with the two ventral edges finely corrugated. Cuticular granules of dens larger than those of body.

            

              
Localities: Africa, Zaire, Kivu: Terr. Lubero, at 2,200 m altitude, in humus; also in humus at Terr. Uvira, Lac Langue, 2,700 m; Terr. Kalepe, 1,600 m; and Terr. Kalehe, 2,200 m.

            
We have much pleasure in naming this species for its collector, Dr N. Leleup.
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Fig. 9. Ceratrimeria leleupi 
n.sp.
              

A, dorsal view; B, ventral view (two different specimens). Magnification × 19.


          

          
          



            

              
Type Material
            

            
Holotype from Kivu mounted on glass slide, 10 paratypes mounted on glass slides, and 11 tubes of paratype specimens preserved in alcohol are deposited in the Musee Royal de l'Afrique Centrale, Tervuren, Belgium.

            
Four paratypes on glass slides deposited in the National Meuseum, Wellington, New Zealand.

          

          

            

              
Discussion
            

            
This new species is closely related to the species 
Ceratrimeria pulchella Handschin, but differs from it in the structure of the PAO and also in the form of the claw, particularly in the possession of a short outer basal seta, and the absence of outer teeth.
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On the Feeding Methods and Fine Structure of the Mouth-Parts of 

Ceratrimeria Leleupi
                
              
              

Salmon and Adams (Collembola: Neanuridae)

            
by


              
E. C. G. Adams,

Victoria University of Wellington.

          

          

            

              
Abstract
            

            

              
The fine structure of the mouth-parts of 
Ceratrimeria leleupi (Collembola: Neanuridae) are described from a study with the scanning electron microscope. The mouth-parts are clearly not adapted for piercing and sucking as formerly stated in the literature. The mandibular head is claw-like, and the presence of bacteria on both the mandible and maxilla suggests this species may feed selectively on small organisms such as bacteria.

            

          

          

            

              
Introduction
            

            
Collembolan mouth-parts are described as entognathous, and it is generally recognised that there are two distinct types. In what is considered to be the more primitive or generalized type (Salmon 1964; Massoud, 1967) the mouth is a wide opening at the distal border of the head. The mandible is robust and carries an apical toothed area or "pars incisiva" and a broader molar plate provided with a number of rows of teeth, the "pars molaris" of Massoud (1967). It is assumed that forms with this type of mandible chew their food, although some doubt has been cast upon this interpretation by Goto (1972). In the second group the mouth region is tapered to form a cone shaped structure known as the buccal cone. The mandible lacks a molar or grinding plate and is described by Massoud (1967) in the Neanuridae, as reduced to a long, slender, flattened plate carrying an apical toothed area the "pars incisiva". This plate is said to have a cutting action although this does not seem to be in agreement with the theory accepted throughout entomological literature, that forms provided with a buccal cone suck their food. It seems possible however, that a suction method of feeding has been attributed to these forms because of the apparently sharply pointed nature of the cone, rather than on a knowledge of the fine structure of the mouth-parts.

            
Recent writers including Goto (1972) and Massoud and Ellis (1974) describe the fine structure of several chewing type Collembola, but the structure and function of the mouth-parts of forms lacking a molar plate is little understood.

            
Wolter (1963) while accepting the view that forms with a buccal cone suck their food, drew attention to differences in the structure of the maxillary heads. He considered that those with a well developed toothed maxillary head probably rasped their food while those with a stylet-like head probably pierced it, before sucking the fluid material through the cone.

            
The diet of forms lacking a molar plate is unknown. It was noted however, in feeding studies by Macnamara (1924) and Poole (1959), that in subsequent preparations of the gut of these particular species, there were rarely any visible gut contents. This seemed to suggest that 

they are fluid feeders. Singh (1969) also observed mainly fluid gut contents in 
Friesea mirabilis (Tullberg) agreeing with the results of Poole (1959) on the same species. Particles identified in the gut included fungal spores and hyphae, yeast, bacteria and collembolan eggs.

            
Adams and Salmon (1972) in a study of 
Brachystomella parvula (Schaeffer), a collembolan lacking a molar plate, observed that a sucking tube is not formed during feeding and the mouth-parts could not be described as adapted for sucking. It was noted that the gut contents were mainly of a fluid nature containing structures resembling bacteria, encysted protoza and fine unidentifiable particles.

            
Recently attention has been drawn to the enigma in detritivore communities of a high degree of species diversity, accompanied by an apparently low degree of feeding specificity (Anderson, 1975; Joosse, 1975) and Collembola would seem to be no exception to this (Anderson and Healey, 1972; McMillan, 1975). It is suggested therefore that a greater knowledge of the fine structure and function of collembolan mouth-parts could provide more specific information on their feeding habits.

            
In this study the fine structure of the mouth-parts of 
Ceratrimeria leleupi, a species lacking a mandibular molar plate and formerly regarded as a piercing and sucking type, is examined using the scanning electron microscope.

            
Specimens are also examined under the light microscope for evidence of food in the gut.

          

          

            

              
Materials
            

            
A collection of Collembola from Zaire contained several hundred specimens of 
Ceratrimeria leleupi Salmon and Adams, 1979. In the majority of specimens examined, the buccal cone was closed and dissection of the cone and mouth-parts was necessary for identification purposes. In a few specimens however, the buccal cone was open and the mandibles and maxillae were exserted from the mouth. These specimens were selected for detailed examination of the mouth and mouth-parts in situ.

            
In order to view the mouth-parts in their natural extended position no attempt was made to dissect them out of the cone. Whole specimens were mounted with the buccal cone uppermost. The following description of the mouth-parts of 
C. leleupi is from observations with the scanning electron microscope.

            
Specimens were prepared using the critical point drying method. They were fixed to a standard Cambridge S.E.M. stub with silver dag, sputter coated with gold and viewed on a Cambridge Mk. 11.A scanning electron microscope.

          

          

            

              
Morphology Of The Mouth-Parts
            

            
The buccal cone projects antero-ventrally from the head and is formed from the distal borders of the labrum and labium united basally on the cone by the oral folds (Folsom, 1900). (Figs. 1, 2). The lateral free margins of the labrum are folded and thickened with smooth cuticle and converge towards the distal border where they end abruptly in an upturned collar-like structure (Fig. 1). The general tuberculate cuticle of the body is continued on to the base of the labrum. A series of longitudinally arranged folds of finely granular cuticle run forward on the labrum merging to a single fold at the distal border (Fig. 1). The 


              

[image: Fig. 1 Ceratrimeria leleupi]

                  
Fig. 1 Ceratrimeria leleupi

Dorsal view of open buccal cone, showing mandibles protruding beyond edge of labrum and divided labium to right and left. The rod-like maxillae show partially at upper left, and the superlinguae appear at the distal border of the labrum. Note the folded, thickened, non-tuberculate edge of the labrum. Lb, labrum; Lm, labium; M, mandible; Mx, maxilla, (× 1,200).
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Fig. 2 Ceratrimeria leleupi

Ventral view of open buccal cone. Superlinguae show beneath labium in upper centre of cone and a rod-like maxilla emerges from right of cone. Mandibles are partially obscured distal to superlinguae. Note deeply cleft labium with thickened folded borders, antenna above and at lower right. Sl, superlinguae; Lm, labium; Mx, maxilla; (× 600).


              

labium tapers distally on the cone in a similar manner to the labrum and is divided medially into right and left halves (Fig. 2). The lateral and terminal borders, and distal portion of the medial borders are folded and thickened with smooth cuticle. From the medial division on the cone, the ventral line continues back the entire length of the labium to the thorax. The cuticle of the labium is tuberculate but in the distal half of the cone it is finely granulate and thrown into a number of irregular folds. Each half of the labial section of the cone carries a small basal seta and nine larger setae distal to this, one of which, situated near the basal seta is distinctly longer than the rest. The mouth opening at the apex of the cone extends down each side of the cone bordered by the thickened and folded margins of the labrum and labium. The mandible is a slender, elongated, rod-like structure with an expanded apical region which resembles a claw or scoop (Figs. 3, 4). Six strongly curved teeth of varying size are arranged at the apex and along the medial border. They consist of four major teeth with a small tooth between the first and second and another between the second and third major teeth. The basal or sixth tooth, is the longest and stoutest of all. The lateral border of the mandibular head is thickened and together with the apical tooth, is rolled slightly inward. The toothed border of the mandible is also rolled over in such a manner that an elongated cupped depression is formed between them, and the whole mandible head resembles a claw. The mandibular head is approximately 80 in length and 20 μm in its widest part. Each maxilla consists of a pair of slender rods or lamellae. In all specimens examined the rods were closely opposed (Fig. 3), one of the pair being slightly longer than the other and faintly hooked apically. The maxilla is approximately 10 μm in diameter distally. The maxillae when exserted usually extend slightly beyond the mandibles. No opening could be found at the distal extremity of the maxilla to suggest a chemoreceptor function. The superlinguae are a pair of large, lamellate, folded structures lying between the labrum and labium. They appear to be situated ventrally to the mandibles and maxillae and may be partly exserted from the mouth opening (Fig. 1).

          

          

            

              
Discussion
            

            
It is of interest to consider the function of these mouth-parts and what type of feeding is possible in this collembolan. The labium is divided into separate halves for almost the entire length of the cone and this division, together with the lateral extensions of the mouth allows the distal portion of the cone to open when the mandibles and maxillae may be extended beyond the mouth opening (Figs. 1, 2). As the maxilla is hooked apically it would not appear to act as a piercing stylet. The mandibular shaft is rod-like, roughly circular in cross section rather than a flat shaft and the head is not a flat cutting plate as previously described (Massoud 1967), but is modified to form a cupped, claw shaped structure. The mandibular head therefore cannot be termed a "pars incisiva" as the teeth do not form a cutting edge, and the action of the mandibles is no longer a transverse cutting action, but a protraction and retraction (Wolter 1963).

            
As previously discussed, Collembola of this type have long been regarded as sucking, or piercing and sucking their food. It was considered that owing to the small size of the apical mouth opening they are not capable of conveying any solid food particles into the mouth cavity. The consistent absence of visible gut contents observed by a number of writers, including Macnamara (1924) and Poole (1959), was 
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Fig. 3 Ceratrimeria leleupi

Distal portion of cone with mandible and maxillae partly extruded. Lower maxilla shows double structure and mandibles carry bacteria. M, mandible; Mx, maxilla; Lb, labrum (× 2,500).
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Fig. 4 Ceratrimeria lelupi

Mandibular head showing claw-like form and containing bacteria (× 5,000).


              

considered to indicate that they are fluid feeders. The entire mouth cone was said to function as a suction tube attaching itself firmly to the surface of the substrate during feeding.

            
The mandibles and maxillae of the present species are clearly not sucking structures and with the loss of the molar plate comminution of food particles by the mandibles is not possible. The structure of the mouth opening with thickened folded borders and divided labium bears a strong resemblance to that observed in 
Brachystomella parvula (Schaeffer) by Adams and Salmon (1972). In 
B. parvula the terminal portion of the cone remains open during feeding and the maxilla heads and superlinguae make rapid movements in and out of the mouth openings. Specimens of the present species were found with the cone open and the mouth-parts extended to varying degrees. As noted above, in forms possessing a buccal cone, the action of the mandibular and maxillary muscles is protraction and retraction. It seems reasonable to 
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Fig. 5 Ceratrimeria leleupi

Distal end of maxilla, carrying bacteria of branching and coccoid form (× 7,000).


              

assume therefore, that the action during feeding in this species consists, as in 
B. parvula, of an opening of the distal portion of the cone which allows the heads of the mandibles and maxillae to emerge and operate in a protraction-retraction movement conveying food particles in to the mouth. As the mandibles and maxillae are of minute size and lack grinding or chewing plate, the size of food particles or organism ingested is accordingly limited. It has been suggested by Christiansen (1964) that bacteria may form an important part of the collembolan diet and several species were cultured on bacteria as the sole source of food. These however were not visible within the gut after ingestion. In the present study, bacteria of bacillus and coccoid form were observed on the mandibular heads of a number of specimens (Figs. 3, 4). Both mandibles were found to contain bacteria with very little other material present. In other specimens, although the mouth-parts were often fully extruded, the cupped mandibular heads appeared empty. Bacteria were the only identifiable material found on the mandibles. Similarly, bacteria of coccoid and branched form were found adhering to the maxillae, concentrated particularly at the distal end (Fig. 5). Bacteria were not observed on any other parts of the body. The consistent lack of visible gut contents in this species and the presence of bacteria on the mandibles and maxillae suggests that small organisms such as bacteria are at least a source of food.

            
The question then arises as to the function of the buccal cone. If it does not act as a suction tube, does it serve some other function in food selection? It has been noted that in Collembola possessing a buccal cone, the structure and function of the mouth-parts has changed. The molar plate with its grinding action is lacking and the mandibles, if present, are modified to slender, elongated, extremely delicate structures. With this modification there is a consequent reduction in the size of food particles ingested. The narrowing of the wide frontal mouth region to a tapered buccal cone appears to have evolved with this structural change in the mouth-parts and it seems probable that the cone serves to support and protect the delicate protrusible mouth-parts.

          

          

            

              
Summary
            

            
The mandible is seen to be a cupped claw-like structure. It is not a piercing stylet, as might be expected in an insect regarded as piercing and sucking its food, nor is the head in the form of a flat cutting plate. No locking structures are found on the cone which might serve to hold the labrum and divided labium together to form a suction tube during feeding. The maxillae, formerly described as stylet-like are seen to be hooked apically and would not appear to be adapted for piercing. They are finely delicate structures, but it is possible they may serve to supplement the function of the dentate claw-like mandibles in gathering food. The size of the apical portion of the maxillae, 1-2 μm in diameter, is comparable to the size of a generalized soil bacterium 1 μm
3 (Clark 1967). As the maxillae extend beyond the mandibles in what appears to be the feeding position, they would seem suited to rake or sweep small food particles such as bacteria in to the cupped mandibular head. These food particles could then be conveyed to the digestive tract by the protractor retractor action of the mandibles.

            
The present study indicates that this collembolan does not feed by sucking or chewing its food but it could be described as browsing on the microfauna or flora of detrital material. This supports the view of Adams and Salmon (1972) that the division of Collembola into chewing forms and sucking forms is no longer valid.
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Abstract



            

              
Abstract
            

            

              
The fine structure of the mouth-parts of 
Ceratrimeria leleupi (Collembola: Neanuridae) are described from a study with the scanning electron microscope. The mouth-parts are clearly not adapted for piercing and sucking as formerly stated in the literature. The mandibular head is claw-like, and the presence of bacteria on both the mandible and maxilla suggests this species may feed selectively on small organisms such as bacteria.
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Introduction
            

            
Collembolan mouth-parts are described as entognathous, and it is generally recognised that there are two distinct types. In what is considered to be the more primitive or generalized type (Salmon 1964; Massoud, 1967) the mouth is a wide opening at the distal border of the head. The mandible is robust and carries an apical toothed area or "pars incisiva" and a broader molar plate provided with a number of rows of teeth, the "pars molaris" of Massoud (1967). It is assumed that forms with this type of mandible chew their food, although some doubt has been cast upon this interpretation by Goto (1972). In the second group the mouth region is tapered to form a cone shaped structure known as the buccal cone. The mandible lacks a molar or grinding plate and is described by Massoud (1967) in the Neanuridae, as reduced to a long, slender, flattened plate carrying an apical toothed area the "pars incisiva". This plate is said to have a cutting action although this does not seem to be in agreement with the theory accepted throughout entomological literature, that forms provided with a buccal cone suck their food. It seems possible however, that a suction method of feeding has been attributed to these forms because of the apparently sharply pointed nature of the cone, rather than on a knowledge of the fine structure of the mouth-parts.

            
Recent writers including Goto (1972) and Massoud and Ellis (1974) describe the fine structure of several chewing type Collembola, but the structure and function of the mouth-parts of forms lacking a molar plate is little understood.

            
Wolter (1963) while accepting the view that forms with a buccal cone suck their food, drew attention to differences in the structure of the maxillary heads. He considered that those with a well developed toothed maxillary head probably rasped their food while those with a stylet-like head probably pierced it, before sucking the fluid material through the cone.

            
The diet of forms lacking a molar plate is unknown. It was noted however, in feeding studies by Macnamara (1924) and Poole (1959), that in subsequent preparations of the gut of these particular species, there were rarely any visible gut contents. This seemed to suggest that 

they are fluid feeders. Singh (1969) also observed mainly fluid gut contents in 
Friesea mirabilis (Tullberg) agreeing with the results of Poole (1959) on the same species. Particles identified in the gut included fungal spores and hyphae, yeast, bacteria and collembolan eggs.

            
Adams and Salmon (1972) in a study of 
Brachystomella parvula (Schaeffer), a collembolan lacking a molar plate, observed that a sucking tube is not formed during feeding and the mouth-parts could not be described as adapted for sucking. It was noted that the gut contents were mainly of a fluid nature containing structures resembling bacteria, encysted protoza and fine unidentifiable particles.

            
Recently attention has been drawn to the enigma in detritivore communities of a high degree of species diversity, accompanied by an apparently low degree of feeding specificity (Anderson, 1975; Joosse, 1975) and Collembola would seem to be no exception to this (Anderson and Healey, 1972; McMillan, 1975). It is suggested therefore that a greater knowledge of the fine structure and function of collembolan mouth-parts could provide more specific information on their feeding habits.

            
In this study the fine structure of the mouth-parts of 
Ceratrimeria leleupi, a species lacking a mandibular molar plate and formerly regarded as a piercing and sucking type, is examined using the scanning electron microscope.

            
Specimens are also examined under the light microscope for evidence of food in the gut.
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Materials
            

            
A collection of Collembola from Zaire contained several hundred specimens of 
Ceratrimeria leleupi Salmon and Adams, 1979. In the majority of specimens examined, the buccal cone was closed and dissection of the cone and mouth-parts was necessary for identification purposes. In a few specimens however, the buccal cone was open and the mandibles and maxillae were exserted from the mouth. These specimens were selected for detailed examination of the mouth and mouth-parts in situ.

            
In order to view the mouth-parts in their natural extended position no attempt was made to dissect them out of the cone. Whole specimens were mounted with the buccal cone uppermost. The following description of the mouth-parts of 
C. leleupi is from observations with the scanning electron microscope.

            
Specimens were prepared using the critical point drying method. They were fixed to a standard Cambridge S.E.M. stub with silver dag, sputter coated with gold and viewed on a Cambridge Mk. 11.A scanning electron microscope.
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Morphology Of The Mouth-Parts
            

            
The buccal cone projects antero-ventrally from the head and is formed from the distal borders of the labrum and labium united basally on the cone by the oral folds (Folsom, 1900). (Figs. 1, 2). The lateral free margins of the labrum are folded and thickened with smooth cuticle and converge towards the distal border where they end abruptly in an upturned collar-like structure (Fig. 1). The general tuberculate cuticle of the body is continued on to the base of the labrum. A series of longitudinally arranged folds of finely granular cuticle run forward on the labrum merging to a single fold at the distal border (Fig. 1). The 


              

[image: Fig. 1 Ceratrimeria leleupi]

                  
Fig. 1 Ceratrimeria leleupi

Dorsal view of open buccal cone, showing mandibles protruding beyond edge of labrum and divided labium to right and left. The rod-like maxillae show partially at upper left, and the superlinguae appear at the distal border of the labrum. Note the folded, thickened, non-tuberculate edge of the labrum. Lb, labrum; Lm, labium; M, mandible; Mx, maxilla, (× 1,200).
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Fig. 2 Ceratrimeria leleupi

Ventral view of open buccal cone. Superlinguae show beneath labium in upper centre of cone and a rod-like maxilla emerges from right of cone. Mandibles are partially obscured distal to superlinguae. Note deeply cleft labium with thickened folded borders, antenna above and at lower right. Sl, superlinguae; Lm, labium; Mx, maxilla; (× 600).


              

labium tapers distally on the cone in a similar manner to the labrum and is divided medially into right and left halves (Fig. 2). The lateral and terminal borders, and distal portion of the medial borders are folded and thickened with smooth cuticle. From the medial division on the cone, the ventral line continues back the entire length of the labium to the thorax. The cuticle of the labium is tuberculate but in the distal half of the cone it is finely granulate and thrown into a number of irregular folds. Each half of the labial section of the cone carries a small basal seta and nine larger setae distal to this, one of which, situated near the basal seta is distinctly longer than the rest. The mouth opening at the apex of the cone extends down each side of the cone bordered by the thickened and folded margins of the labrum and labium. The mandible is a slender, elongated, rod-like structure with an expanded apical region which resembles a claw or scoop (Figs. 3, 4). Six strongly curved teeth of varying size are arranged at the apex and along the medial border. They consist of four major teeth with a small tooth between the first and second and another between the second and third major teeth. The basal or sixth tooth, is the longest and stoutest of all. The lateral border of the mandibular head is thickened and together with the apical tooth, is rolled slightly inward. The toothed border of the mandible is also rolled over in such a manner that an elongated cupped depression is formed between them, and the whole mandible head resembles a claw. The mandibular head is approximately 80 in length and 20 μm in its widest part. Each maxilla consists of a pair of slender rods or lamellae. In all specimens examined the rods were closely opposed (Fig. 3), one of the pair being slightly longer than the other and faintly hooked apically. The maxilla is approximately 10 μm in diameter distally. The maxillae when exserted usually extend slightly beyond the mandibles. No opening could be found at the distal extremity of the maxilla to suggest a chemoreceptor function. The superlinguae are a pair of large, lamellate, folded structures lying between the labrum and labium. They appear to be situated ventrally to the mandibles and maxillae and may be partly exserted from the mouth opening (Fig. 1).
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Discussion
            

            
It is of interest to consider the function of these mouth-parts and what type of feeding is possible in this collembolan. The labium is divided into separate halves for almost the entire length of the cone and this division, together with the lateral extensions of the mouth allows the distal portion of the cone to open when the mandibles and maxillae may be extended beyond the mouth opening (Figs. 1, 2). As the maxilla is hooked apically it would not appear to act as a piercing stylet. The mandibular shaft is rod-like, roughly circular in cross section rather than a flat shaft and the head is not a flat cutting plate as previously described (Massoud 1967), but is modified to form a cupped, claw shaped structure. The mandibular head therefore cannot be termed a "pars incisiva" as the teeth do not form a cutting edge, and the action of the mandibles is no longer a transverse cutting action, but a protraction and retraction (Wolter 1963).

            
As previously discussed, Collembola of this type have long been regarded as sucking, or piercing and sucking their food. It was considered that owing to the small size of the apical mouth opening they are not capable of conveying any solid food particles into the mouth cavity. The consistent absence of visible gut contents observed by a number of writers, including Macnamara (1924) and Poole (1959), was 


              

[image: Fig. 3 Ceratrimeria leleupi]

                  
Fig. 3 Ceratrimeria leleupi

Distal portion of cone with mandible and maxillae partly extruded. Lower maxilla shows double structure and mandibles carry bacteria. M, mandible; Mx, maxilla; Lb, labrum (× 2,500).
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Fig. 4 Ceratrimeria lelupi

Mandibular head showing claw-like form and containing bacteria (× 5,000).


              

considered to indicate that they are fluid feeders. The entire mouth cone was said to function as a suction tube attaching itself firmly to the surface of the substrate during feeding.

            
The mandibles and maxillae of the present species are clearly not sucking structures and with the loss of the molar plate comminution of food particles by the mandibles is not possible. The structure of the mouth opening with thickened folded borders and divided labium bears a strong resemblance to that observed in 
Brachystomella parvula (Schaeffer) by Adams and Salmon (1972). In 
B. parvula the terminal portion of the cone remains open during feeding and the maxilla heads and superlinguae make rapid movements in and out of the mouth openings. Specimens of the present species were found with the cone open and the mouth-parts extended to varying degrees. As noted above, in forms possessing a buccal cone, the action of the mandibular and maxillary muscles is protraction and retraction. It seems reasonable to 
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Fig. 5 Ceratrimeria leleupi

Distal end of maxilla, carrying bacteria of branching and coccoid form (× 7,000).


              

assume therefore, that the action during feeding in this species consists, as in 
B. parvula, of an opening of the distal portion of the cone which allows the heads of the mandibles and maxillae to emerge and operate in a protraction-retraction movement conveying food particles in to the mouth. As the mandibles and maxillae are of minute size and lack grinding or chewing plate, the size of food particles or organism ingested is accordingly limited. It has been suggested by Christiansen (1964) that bacteria may form an important part of the collembolan diet and several species were cultured on bacteria as the sole source of food. These however were not visible within the gut after ingestion. In the present study, bacteria of bacillus and coccoid form were observed on the mandibular heads of a number of specimens (Figs. 3, 4). Both mandibles were found to contain bacteria with very little other material present. In other specimens, although the mouth-parts were often fully extruded, the cupped mandibular heads appeared empty. Bacteria were the only identifiable material found on the mandibles. Similarly, bacteria of coccoid and branched form were found adhering to the maxillae, concentrated particularly at the distal end (Fig. 5). Bacteria were not observed on any other parts of the body. The consistent lack of visible gut contents in this species and the presence of bacteria on the mandibles and maxillae suggests that small organisms such as bacteria are at least a source of food.

            
The question then arises as to the function of the buccal cone. If it does not act as a suction tube, does it serve some other function in food selection? It has been noted that in Collembola possessing a buccal cone, the structure and function of the mouth-parts has changed. The molar plate with its grinding action is lacking and the mandibles, if present, are modified to slender, elongated, extremely delicate structures. With this modification there is a consequent reduction in the size of food particles ingested. The narrowing of the wide frontal mouth region to a tapered buccal cone appears to have evolved with this structural change in the mouth-parts and it seems probable that the cone serves to support and protect the delicate protrusible mouth-parts.
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Summary
            

            
The mandible is seen to be a cupped claw-like structure. It is not a piercing stylet, as might be expected in an insect regarded as piercing and sucking its food, nor is the head in the form of a flat cutting plate. No locking structures are found on the cone which might serve to hold the labrum and divided labium together to form a suction tube during feeding. The maxillae, formerly described as stylet-like are seen to be hooked apically and would not appear to be adapted for piercing. They are finely delicate structures, but it is possible they may serve to supplement the function of the dentate claw-like mandibles in gathering food. The size of the apical portion of the maxillae, 1-2 μm in diameter, is comparable to the size of a generalized soil bacterium 1 μm
3 (Clark 1967). As the maxillae extend beyond the mandibles in what appears to be the feeding position, they would seem suited to rake or sweep small food particles such as bacteria in to the cupped mandibular head. These food particles could then be conveyed to the digestive tract by the protractor retractor action of the mandibles.

            
The present study indicates that this collembolan does not feed by sucking or chewing its food but it could be described as browsing on the microfauna or flora of detrital material. This supports the view of Adams and Salmon (1972) that the division of Collembola into chewing forms and sucking forms is no longer valid.
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Introduction
            

            
This second bulletin of amendments to my Keys (Wells, 1976, 1978) deals with additions and alterations made necessary by recent publications and takes another opportunity to correct errors. Once again I wish to thank my colleagues for information received and to encourage them to continue sending it for incorporation in future bulletins. Page numbers in parentheses are those of the original Keys (Wells, 1976).

          

          

            
Family Gelyellidae

            

              
Gelyella droguei Rouch & Lescher-Moutoué, 1977, a new genus and species, is the sole species in a new family of primitive freshwater harpacticoids which tends to link together Lang's (1948) primary divisions of Polyarthra and Oligoarthra. The Key to Families (p.5) requires modification of couplet 5 as follows—

            

              

	5. 
                
	P.4-P.5 absent.
                
	Gelyellidae
              

              

	
                
	P.4-P.5 present.
                
	5a
              

              

	5a. 
                
	Distal segment of Enp. P.2 much longer than the entire Exp.
                
	Longipediidae
a)
                
              

              

	
                
	Distal segment of Enp. P.2 shorter than the Exp.
                
	Canuellidae
              

            

          

          

            
Family Cerviniidae

            
Dinet (1978) describes nine new species of 
Pontostratiotes — P. uxoris, P. gladius, P. lubricus, P. vitelloi, P. viverae, P. denticulatus, P. cecilae, P. vasconensis, P. barnetti. All are referable to the genus codon in KGG 1 (p.21), as in 
P. pori, nom. nov. by Dinet (1978) for the 
P. abyssicola of Por (1969). Add to General Note 2 (p.26).

          

          

            
Family Ectinosomatidae

            


	1.
	
                
Arenosetella fimbriaticauda McLachlan & Moore, 1978, to genus codon in KGG 1 (p.28). Add to General Note 2 (p.36).


	2.
	
                
Ectinosoma barbicauda Bozic, 1978, to genus codon in KGG 100 (p. 29). Add to General Note 2 (p.36).


	3.
	McLachlan & Moore (1978) have re-examined 
Hastigerella tenuissima, H. palpilabra and 
Arenosetella, monensis. They show that all possess a weak ornamentation of the anal segment and, further, that in all respects they are identical and must be considered synonymous. The senior synonym is 
H. tenuissima which must be transferred to 
Arenosetella and added to the genus codon in KGG 1 (p.28). Delete the codons for 
H. tenuissima and 
H. palpilabra in KGG 300 (p.33) (see also Wells, 1978 p.1, for 
Arenosetella monensis).
              


          

          
          



            
Family Darcythompsoniidae

            
Kunz (1978) describes a specimen that he believes to be the previously unknown male of 
Leptocaris minimus Jakobi. This male has P.1-P.4 Enp.2 with 3:3:3:2 setae and lacks a seta on P.3 Enp.1. Although Kunz was unable to examine the female he is convinced that the additional small setae illustrated by Jakobi (1954) are only accessory spinules. Therefore, the codon in KGG 1 (p.37) must be amended to read — a/a/4:4/0:0:0:0/3:3:3:2. A note that the male of this species has now been described should be made under General Notes (p.39).

          

          

            
Family Harpacticidae

            


	1.
	
                
Harpacticus furcatus is redescribed by Itô & Fukuchi (1978) ; add to General Note 1 (p.47).


	2.
	
                
Tigriopus igai Itô, 1977, to codon for 
Tigriopus
                
b) in KGG 1 (p.43) ; add to footnote b) (p.44).


	3.
	
                
Harpacticella oceanica Itô, 1977, requires a new codon in KGG 100 (p. 46) — nor/7/1/ ♀ /5:5/0:4.


	4.
	There are errors in the codons for 
Harpacticella spp. in KGG 100 (p.46) ; correct as follows—





	
Harpacticella
                      
d)
                    
                    
	—
                    
	nor/7/1/ ♀ /5:5/0:3.
                  

                  

                    
	
                      
H. paradoxa
                    
                    
	—
                    
	nor/7/1/ ♀ /5:5/0-1:3.
                  

                

              


          

          

            
Family Thalestridae

            


	1.
	Delete 
Paradactylopodia oculata from KGG 200 (p.62). This species requires a new codon in KGG 1 (p. 58) — 3:3/7 :8:7/2 :2/3/p :d.


	2.
	There are several errors with regard to species of 
Pseudotachidius; correct as follows—



	(a)
	in KGG 1 (p.58)



	(i)
	delete the codon for 
P. coronatus and 
P. similis.
                      


	(ii)
	add a new codon for 
P. similis —


                      3:3/?:?:5/?:1/?/p:d.
                      


	(iii)
	add a new codon for 
P. vikingus ♀ —


                      3:3/6:6:6/1:1/3/p:d.
                      


                  


	(b)
	In KGG 200 (p.62) add a new codon for 
P. peruanus Becker, 1974—


                      4-5/1/less than or equal to Enp.1.
                  


	(c)
	in KGG 300 (p.63)



	(i)
	add a new codon for P. 
coronatus —


                      p:d/3/5-6/2/3.
                      


	(ii)
	codon for 
P. vikingus refers to the male only.


	(iii)
	delete the codon for 
P. peruanus.
                      


                  


              


	3.
	
                
Paradactylopodia hexarticulata is incorrectly spelt by Wells, (1978, p.3).


          

          
          



            
Family Diosaccidae

            


	1.
	
                  
Pseudostenhelia wellsi Coull & Fleeger, 1977, to genus codon in KGG 1 (p.70) which now requires amendment as follows—


                      3/2/2/4/2-3:2-3:2-3; add to General Note 2 (p.99).
              


	2.
	
                
Haloschizopera latisetifera Marinov, 1973a, to codon for 
Haloschizopera
                
a) in KGG 100 (p.72) ; add to footnote a) (p.73).


	3.
	Delete 
Metamphiascopsis nicobaricus from footnote c) of KGG 260 (p.84) and add a new codon for this species in KGG 250 (p. 82—


                      wd/9/2:6.
              


	4.
	
                
Amphiascus longarticulatus Marcus (see Wells, 1978 p.3) is re-described by Bodin (1977). His specimens have a weak third inner seta on P.2 Exp.3. It is not known if this seta is present in Marcus's material. The species must now be added to footnote b) of KGG 260 (p.84). Bodin considers 
Amphiascus sp. Wells, 1968, to be this species.


	5.
	
                
Stenhelia (D) krishnensis Radhakrishna & Reddy, 1978, to codon for 
S. madrasensis in KGG 500 (p.88). These two species probably are synonymous.


	6.
	
                
Protopsammotopa wilsoni Wells, 1977, to genus codon in KGG 1100 (p.98) ; amend entry in General Note 2 (p.99).


	7.
	Add 
Schizopcra issykkulica Mauyilova, 1966, to General Note 4 (p. 99).


          

          

            
Family Ameiridae

            


	1.
	
                  
Ameira scotti has been omitted from the Keys; add a new codon in KGG 400 (p.114)—


                      0:0:0/1 :1:1/1:1 :1/4:5:5/4:5/2:4.
              


	2.
	
                
Ameira longipes: The first codon for this species in KGG 400 (p. 115, line 1) must be deleted. The true codon is the last one on this page.


	3.
	
                  
Parevansula elegans (Marinov, 1974) requires a new codon in KGG 1 (p.101)—


                      3:2/2:2:2 1:1:2/4/0. This species is assigned by Marinov to the genus 
Philoleptomesochra, but see General Note 2 (p.122).
              


	4.
	
                
Nitocra sewelli husmanni is incorrectly spelt by Wells (1978, p.4).


          

          

            
Family Paramesochridae

            


	1.
	
                
Apodopsyllus unguiformis Coull & Hogue, 1978, to codon for 
A. africanus and 
A. schulzi in KGG 300 (p.129).


	2.
	
                  
Apodopsyllus bermudensis Coull & Hogue, 1978, is described for all the previous records of 
A. africanus from Bermuda; add a new codon in KGG 300 (p.129) —


                      2/4/0:4/1:2 and make an appropriate note in General Note 1 (p. 130).
              


	3.
	
                
Apodopsyllus perplexus appears incorrectly in KGG 300 (p.129) as 
A. reductus. This species was originally described as 
Leptopsyllus reductus Petkovski, 1955, but as this is a junior primary homonym of 
L. reductus Lang, 1948, the name must be permanently rejected (Article 59(a) of the International Code of Zoological Nomenclature, 


                1964). This was overlooked by Kunz (1962) in his revision of the family, in which he removed 
L. reductus Petkovski to 
Apodopsyllus but retained the homonymous trivial name. The homonymy was recognised by Wells (1963) who proposed replacement by 
Leptopsyllus perplexus nom. nov. This replacement name has priority over 
L. petkovskii nom. nov., proposed by Noodt (1964). Thus the correct name for 
L. reductus Petkovski is 
Apodopsyllus perplexus (Wells, 1963).


          

          

            
Family Tetragonicipitidae

            


	1.
	
                
Phyllopodopsyllus laspalmensis Marinov, 1973b, to codon for 
P. mossmani in KGG 1 (p.133).


	2.
	
                  
Phyllopodopsyllus paramossmani: Amend the codons in KGG 1 (p.133) to read—


                      ♀-a/a/2/3:3:3/4:4:6.


                      ♂-a/a/2/3:3:2/4:4:6.


                      The male must be added to the codon for 
P. longipalpatus ♂.
              


          

          

            
Family Canthocamptidae

            


	1.
	
                  
Mesochra flava as redescribed by Soyer (1977) differs from the original description of Lang (1933). As his material is not from the type locality Soyer's specimens must be considered only as showing that there is some geographic variability in the species. Therefore a second codon is required for this species in KGG 100 (p. 137)—


                      7/3/6:7:7/4:5/6:5/4:6.
              


	2.
	
                  
Mesochra pallaresi Soyer, 1977, is described for Pallares' (1968, 1975) specimens of 
M. flava. M. pallaresi must be added to the original codon for 
M. flava —


                      7/3/6:7:7/5:5/6:5/3:6 (KGG 100, p.137) ; add an appropriate note in General Note 3 (p.139).
              


          

          

            
Family Cylindropsyllidae

            


	1.
	
                  
Notopontia stephanieae Bodiou, 1977, a new genus and species, requires a new codon in KGG 1 (p. 141) —


                      s/2:na/f/2:2:1/p.
              


	2.
	
                  
Stenocaris kerguelenensis Bodiou, 1977; the female to the codon for 
S. minor and 
S. kliei and add a new codon for the male—


                      2:1:2/ns/2:2/na (both in KGG 200, p.143).
              


	3.
	KGG 300 (p.144)—



	(a)
	Character 2 should read "P.1 Enp.".


	(b)
	
                      
Leptastacus naylori McLachlan & Moore, 1978, requires a new codon—


                      p/2/0:0:1/3:4:5/1:1:0/1 :2:1.
                  


              


	4.
	KGG 500 (p.148)—



	(a)
	Character 1 should read "P.1 Exp."; there is only one segment in this ramus.


	(b)
	
                    
Psammastacus erasmusi McLachlan & Moore, 1978, to codon for 
P. spinicaudatus.
                  


              


	5.
	
                
Arenopontia (N.) sakagamii ltô, 1978, to codon for 
Arenopontia
                
c) in KGG 600 (p.149); add to footnote c) (p.150).


          

          
          



            
Family Cletodidae

            


	1.
	KGG 1—



	(a)
	Delete the codon for 
Eurycletodes (O.) arcticus (p.158). This species must be be added to the codon for 
E. (O.) latus (p.157).


	(b)
	
                    
Eurycletodes aberrans Marinov, 1973b, cannot be placed in either subgenus as it displays features of both; add to codon for 
Mesocletodes carpinei Soyer (p.154; see also Wells, 1978, p.7).


	(c)
	
                      
Nannopus palustris: Coull & Fleeger (1977) comment on the variability of this species, in particular on the setation of P.2-P.4. The present codon (p.157) must be amended to take these comments into account—


                      3:2/3:3:3/2:1/6-7:7-8:6-8/3:2 and an appropriate note must be inserted in General Note 1 (p.170).
                  


	(d)
	Add 
Cletocamptus affinis to footnote e) (p.159).


              


	2.
	
                  
Cletodes reductus Moore, 1977, requires a new codon in KGG 600 p.167)—


                      a/2:1/0:1/d:2:5/d:0:3.
              


	3.
	
                  
Argestes mollis: Amend the codon in KGG 700 (p.169) to read—


                      5/1:1:1:1/7:8:7/5:5/2:4.
              


          

          

            
Family Laophontidae

            


	1.
	
                
Laophonte longicaudata s.str.: Amend the present codons as follows—





	KGG 1300-♀ ♀ (p.183)
                    
	—
                    
	6:7:7/1:1:1/0:0:0 4:6:3 0:0:1.
                  

                  

                    
	KGG 1000-♂ ♂ (p.196
                    
	—
                    
	6:7:7/1:1:1/4:4:3/0:1/p.
                  

                

              


	2.
	
                
Laophonte euxiniphila Soyer, 1977, requires new codons as follows—





	KGG 2100-♀ ♀ (p.187)
                    
	—
                    
	5:5:5/1:1:1/0:0:0/3:5:4 0:0:0.
                  

                  

                    
	KGG 1- ♂ ♂ (p.188)
                    
	—
                    
	3:3:3/2:2/2:3/3/3.
                  

                

              


	3.
	
                  
Heterolaophonte stroemi: P.4 Exp.3 can have five or six setae. Add a second codon in KGG 1900. ♀ ♀ (p.185)—


                      6:6:5/1 :1 :1/0:0:0/4:6:4/0:0:0.
              


	4.
	
                
Heterolaophonte longisetigera: Dr G. R. F. Hicks (pers. comm.) reports that in English material of this species the P.5 ♂ setation is variable, with a total of five or six setae, and that P.3 Enp. is always three-segmented. Therefore this species must be added to the codon for 
Apolethon in KGG 1- ♂ ♂ (p.190).


	5.
	
                
Echinolaophonte mirabilis is incorrectly called 
E. mirabilipes in KGG 1- ♀ ♀ (p.174).


	6.
	
                  
Echinolaophonte armiger. Amend the present codon in KGG 300- ♀ ♀ (p. 177) to read—


                      5:6-7:6/1 :1 :1/0:0:0/3:4:3/0:0:0.
              


	7.
	
                
Klieonychocamptus kliei ponticus Marcus, 1971, is a junior secondary homonym of 
K. ponticus (Serban & Plesa, 1957). I propose 
K. k. marcusi nom. nov. as a replacement name (see p. 175, footnote e) and p.190).


	8.
	
                
Pseudolaophonte glemareci Bodin, 1977, requires new codons as follows:—





	KGG 1- ♀ ♀ (p.172)
                    
	—
                    
	2:2:2/0:1:1/5:5/2/5.
                  

                  

                    
	KGG 1- ♂ ♂ (p.188)
                    
	—
                    
	2:2:2/0:1/2:3/2/2.
                  

                

              




	9.
	Transpose columns three and four of the codon for 
Laophontopsis lamellifera in KGG 1600-♀ ♀ (p.184).


	10.
	
                
Cubanocleta noodti Petkovski, 1977, a new genus and species, is placed by its author in this family even though the A.2 lacks an exopod. Thus, it keys out to the family Ancorabolidae in the Keys to Families (p.8, couplet 24). It requires new codons as follows—





	KGG 1- ♀ ♀ (p.172)
                    
	—
                    
	3:3:3/1:1:1/4:3/3/4.
                  

                  

                    
	KGG 1-♂ ♂ (p.188)
                    
	—
                    
	3:3:3/1:1/4:3/3/1.
                  

                

              


	11.
	
                
Laophonte spinifer is incorrectly spelt by Wells (1978, p.7).
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Introduction
            

            
This second bulletin of amendments to my Keys (Wells, 1976, 1978) deals with additions and alterations made necessary by recent publications and takes another opportunity to correct errors. Once again I wish to thank my colleagues for information received and to encourage them to continue sending it for incorporation in future bulletins. Page numbers in parentheses are those of the original Keys (Wells, 1976).
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Family Gelyellidae



            
Family Gelyellidae

            

              
Gelyella droguei Rouch & Lescher-Moutoué, 1977, a new genus and species, is the sole species in a new family of primitive freshwater harpacticoids which tends to link together Lang's (1948) primary divisions of Polyarthra and Oligoarthra. The Key to Families (p.5) requires modification of couplet 5 as follows—

            

              

	5. 
                
	P.4-P.5 absent.
                
	Gelyellidae
              

              

	
                
	P.4-P.5 present.
                
	5a
              

              

	5a. 
                
	Distal segment of Enp. P.2 much longer than the entire Exp.
                
	Longipediidae
a)
                
              

              

	
                
	Distal segment of Enp. P.2 shorter than the Exp.
                
	Canuellidae
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Family Cerviniidae



            
Family Cerviniidae

            
Dinet (1978) describes nine new species of 
Pontostratiotes — P. uxoris, P. gladius, P. lubricus, P. vitelloi, P. viverae, P. denticulatus, P. cecilae, P. vasconensis, P. barnetti. All are referable to the genus codon in KGG 1 (p.21), as in 
P. pori, nom. nov. by Dinet (1978) for the 
P. abyssicola of Por (1969). Add to General Note 2 (p.26).
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Family Ectinosomatidae



            
Family Ectinosomatidae

            


	1.
	
                
Arenosetella fimbriaticauda McLachlan & Moore, 1978, to genus codon in KGG 1 (p.28). Add to General Note 2 (p.36).


	2.
	
                
Ectinosoma barbicauda Bozic, 1978, to genus codon in KGG 100 (p. 29). Add to General Note 2 (p.36).


	3.
	McLachlan & Moore (1978) have re-examined 
Hastigerella tenuissima, H. palpilabra and 
Arenosetella, monensis. They show that all possess a weak ornamentation of the anal segment and, further, that in all respects they are identical and must be considered synonymous. The senior synonym is 
H. tenuissima which must be transferred to 
Arenosetella and added to the genus codon in KGG 1 (p.28). Delete the codons for 
H. tenuissima and 
H. palpilabra in KGG 300 (p.33) (see also Wells, 1978 p.1, for 
Arenosetella monensis).
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Family Darcythompsoniidae





            
Family Darcythompsoniidae

            
Kunz (1978) describes a specimen that he believes to be the previously unknown male of 
Leptocaris minimus Jakobi. This male has P.1-P.4 Enp.2 with 3:3:3:2 setae and lacks a seta on P.3 Enp.1. Although Kunz was unable to examine the female he is convinced that the additional small setae illustrated by Jakobi (1954) are only accessory spinules. Therefore, the codon in KGG 1 (p.37) must be amended to read — a/a/4:4/0:0:0:0/3:3:3:2. A note that the male of this species has now been described should be made under General Notes (p.39).
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Family Harpacticidae



            
Family Harpacticidae

            


	1.
	
                
Harpacticus furcatus is redescribed by Itô & Fukuchi (1978) ; add to General Note 1 (p.47).


	2.
	
                
Tigriopus igai Itô, 1977, to codon for 
Tigriopus
                
b) in KGG 1 (p.43) ; add to footnote b) (p.44).


	3.
	
                
Harpacticella oceanica Itô, 1977, requires a new codon in KGG 100 (p. 46) — nor/7/1/ ♀ /5:5/0:4.


	4.
	There are errors in the codons for 
Harpacticella spp. in KGG 100 (p.46) ; correct as follows—





	
Harpacticella
                      
d)
                    
                    
	—
                    
	nor/7/1/ ♀ /5:5/0:3.
                  

                  

                    
	
                      
H. paradoxa
                    
                    
	—
                    
	nor/7/1/ ♀ /5:5/0-1:3.
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Family Thalestridae



            
Family Thalestridae

            


	1.
	Delete 
Paradactylopodia oculata from KGG 200 (p.62). This species requires a new codon in KGG 1 (p. 58) — 3:3/7 :8:7/2 :2/3/p :d.


	2.
	There are several errors with regard to species of 
Pseudotachidius; correct as follows—



	(a)
	in KGG 1 (p.58)



	(i)
	delete the codon for 
P. coronatus and 
P. similis.
                      


	(ii)
	add a new codon for 
P. similis —


                      3:3/?:?:5/?:1/?/p:d.
                      


	(iii)
	add a new codon for 
P. vikingus ♀ —


                      3:3/6:6:6/1:1/3/p:d.
                      


                  


	(b)
	In KGG 200 (p.62) add a new codon for 
P. peruanus Becker, 1974—


                      4-5/1/less than or equal to Enp.1.
                  


	(c)
	in KGG 300 (p.63)



	(i)
	add a new codon for P. 
coronatus —


                      p:d/3/5-6/2/3.
                      


	(ii)
	codon for 
P. vikingus refers to the male only.


	(iii)
	delete the codon for 
P. peruanus.
                      


                  


              


	3.
	
                
Paradactylopodia hexarticulata is incorrectly spelt by Wells, (1978, p.3).
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Family Diosaccidae





            
Family Diosaccidae

            


	1.
	
                  
Pseudostenhelia wellsi Coull & Fleeger, 1977, to genus codon in KGG 1 (p.70) which now requires amendment as follows—


                      3/2/2/4/2-3:2-3:2-3; add to General Note 2 (p.99).
              


	2.
	
                
Haloschizopera latisetifera Marinov, 1973a, to codon for 
Haloschizopera
                
a) in KGG 100 (p.72) ; add to footnote a) (p.73).


	3.
	Delete 
Metamphiascopsis nicobaricus from footnote c) of KGG 260 (p.84) and add a new codon for this species in KGG 250 (p. 82—


                      wd/9/2:6.
              


	4.
	
                
Amphiascus longarticulatus Marcus (see Wells, 1978 p.3) is re-described by Bodin (1977). His specimens have a weak third inner seta on P.2 Exp.3. It is not known if this seta is present in Marcus's material. The species must now be added to footnote b) of KGG 260 (p.84). Bodin considers 
Amphiascus sp. Wells, 1968, to be this species.


	5.
	
                
Stenhelia (D) krishnensis Radhakrishna & Reddy, 1978, to codon for 
S. madrasensis in KGG 500 (p.88). These two species probably are synonymous.


	6.
	
                
Protopsammotopa wilsoni Wells, 1977, to genus codon in KGG 1100 (p.98) ; amend entry in General Note 2 (p.99).


	7.
	Add 
Schizopcra issykkulica Mauyilova, 1966, to General Note 4 (p. 99).
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Family Ameiridae



            
Family Ameiridae

            


	1.
	
                  
Ameira scotti has been omitted from the Keys; add a new codon in KGG 400 (p.114)—


                      0:0:0/1 :1:1/1:1 :1/4:5:5/4:5/2:4.
              


	2.
	
                
Ameira longipes: The first codon for this species in KGG 400 (p. 115, line 1) must be deleted. The true codon is the last one on this page.


	3.
	
                  
Parevansula elegans (Marinov, 1974) requires a new codon in KGG 1 (p.101)—


                      3:2/2:2:2 1:1:2/4/0. This species is assigned by Marinov to the genus 
Philoleptomesochra, but see General Note 2 (p.122).
              


	4.
	
                
Nitocra sewelli husmanni is incorrectly spelt by Wells (1978, p.4).
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Family Paramesochridae



            
Family Paramesochridae

            


	1.
	
                
Apodopsyllus unguiformis Coull & Hogue, 1978, to codon for 
A. africanus and 
A. schulzi in KGG 300 (p.129).


	2.
	
                  
Apodopsyllus bermudensis Coull & Hogue, 1978, is described for all the previous records of 
A. africanus from Bermuda; add a new codon in KGG 300 (p.129) —


                      2/4/0:4/1:2 and make an appropriate note in General Note 1 (p. 130).
              


	3.
	
                
Apodopsyllus perplexus appears incorrectly in KGG 300 (p.129) as 
A. reductus. This species was originally described as 
Leptopsyllus reductus Petkovski, 1955, but as this is a junior primary homonym of 
L. reductus Lang, 1948, the name must be permanently rejected (Article 59(a) of the International Code of Zoological Nomenclature, 


                1964). This was overlooked by Kunz (1962) in his revision of the family, in which he removed 
L. reductus Petkovski to 
Apodopsyllus but retained the homonymous trivial name. The homonymy was recognised by Wells (1963) who proposed replacement by 
Leptopsyllus perplexus nom. nov. This replacement name has priority over 
L. petkovskii nom. nov., proposed by Noodt (1964). Thus the correct name for 
L. reductus Petkovski is 
Apodopsyllus perplexus (Wells, 1963).
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Family Tetragonicipitidae



            
Family Tetragonicipitidae

            


	1.
	
                
Phyllopodopsyllus laspalmensis Marinov, 1973b, to codon for 
P. mossmani in KGG 1 (p.133).


	2.
	
                  
Phyllopodopsyllus paramossmani: Amend the codons in KGG 1 (p.133) to read—


                      ♀-a/a/2/3:3:3/4:4:6.


                      ♂-a/a/2/3:3:2/4:4:6.


                      The male must be added to the codon for 
P. longipalpatus ♂.
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Family Canthocamptidae



            
Family Canthocamptidae

            


	1.
	
                  
Mesochra flava as redescribed by Soyer (1977) differs from the original description of Lang (1933). As his material is not from the type locality Soyer's specimens must be considered only as showing that there is some geographic variability in the species. Therefore a second codon is required for this species in KGG 100 (p. 137)—


                      7/3/6:7:7/4:5/6:5/4:6.
              


	2.
	
                  
Mesochra pallaresi Soyer, 1977, is described for Pallares' (1968, 1975) specimens of 
M. flava. M. pallaresi must be added to the original codon for 
M. flava —


                      7/3/6:7:7/5:5/6:5/3:6 (KGG 100, p.137) ; add an appropriate note in General Note 3 (p.139).
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Family Cylindropsyllidae



            
Family Cylindropsyllidae

            


	1.
	
                  
Notopontia stephanieae Bodiou, 1977, a new genus and species, requires a new codon in KGG 1 (p. 141) —


                      s/2:na/f/2:2:1/p.
              


	2.
	
                  
Stenocaris kerguelenensis Bodiou, 1977; the female to the codon for 
S. minor and 
S. kliei and add a new codon for the male—


                      2:1:2/ns/2:2/na (both in KGG 200, p.143).
              


	3.
	KGG 300 (p.144)—



	(a)
	Character 2 should read "P.1 Enp.".


	(b)
	
                      
Leptastacus naylori McLachlan & Moore, 1978, requires a new codon—


                      p/2/0:0:1/3:4:5/1:1:0/1 :2:1.
                  


              


	4.
	KGG 500 (p.148)—



	(a)
	Character 1 should read "P.1 Exp."; there is only one segment in this ramus.


	(b)
	
                    
Psammastacus erasmusi McLachlan & Moore, 1978, to codon for 
P. spinicaudatus.
                  


              


	5.
	
                
Arenopontia (N.) sakagamii ltô, 1978, to codon for 
Arenopontia
                
c) in KGG 600 (p.149); add to footnote c) (p.150).
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Family Cletodidae





            
Family Cletodidae

            


	1.
	KGG 1—



	(a)
	Delete the codon for 
Eurycletodes (O.) arcticus (p.158). This species must be be added to the codon for 
E. (O.) latus (p.157).


	(b)
	
                    
Eurycletodes aberrans Marinov, 1973b, cannot be placed in either subgenus as it displays features of both; add to codon for 
Mesocletodes carpinei Soyer (p.154; see also Wells, 1978, p.7).


	(c)
	
                      
Nannopus palustris: Coull & Fleeger (1977) comment on the variability of this species, in particular on the setation of P.2-P.4. The present codon (p.157) must be amended to take these comments into account—


                      3:2/3:3:3/2:1/6-7:7-8:6-8/3:2 and an appropriate note must be inserted in General Note 1 (p.170).
                  


	(d)
	Add 
Cletocamptus affinis to footnote e) (p.159).


              


	2.
	
                  
Cletodes reductus Moore, 1977, requires a new codon in KGG 600 p.167)—


                      a/2:1/0:1/d:2:5/d:0:3.
              


	3.
	
                  
Argestes mollis: Amend the codon in KGG 700 (p.169) to read—


                      5/1:1:1:1/7:8:7/5:5/2:4.
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Family Laophontidae



            
Family Laophontidae

            


	1.
	
                
Laophonte longicaudata s.str.: Amend the present codons as follows—





	KGG 1300-♀ ♀ (p.183)
                    
	—
                    
	6:7:7/1:1:1/0:0:0 4:6:3 0:0:1.
                  

                  

                    
	KGG 1000-♂ ♂ (p.196
                    
	—
                    
	6:7:7/1:1:1/4:4:3/0:1/p.
                  

                

              


	2.
	
                
Laophonte euxiniphila Soyer, 1977, requires new codons as follows—





	KGG 2100-♀ ♀ (p.187)
                    
	—
                    
	5:5:5/1:1:1/0:0:0/3:5:4 0:0:0.
                  

                  

                    
	KGG 1- ♂ ♂ (p.188)
                    
	—
                    
	3:3:3/2:2/2:3/3/3.
                  

                

              


	3.
	
                  
Heterolaophonte stroemi: P.4 Exp.3 can have five or six setae. Add a second codon in KGG 1900. ♀ ♀ (p.185)—


                      6:6:5/1 :1 :1/0:0:0/4:6:4/0:0:0.
              


	4.
	
                
Heterolaophonte longisetigera: Dr G. R. F. Hicks (pers. comm.) reports that in English material of this species the P.5 ♂ setation is variable, with a total of five or six setae, and that P.3 Enp. is always three-segmented. Therefore this species must be added to the codon for 
Apolethon in KGG 1- ♂ ♂ (p.190).


	5.
	
                
Echinolaophonte mirabilis is incorrectly called 
E. mirabilipes in KGG 1- ♀ ♀ (p.174).


	6.
	
                  
Echinolaophonte armiger. Amend the present codon in KGG 300- ♀ ♀ (p. 177) to read—


                      5:6-7:6/1 :1 :1/0:0:0/3:4:3/0:0:0.
              


	7.
	
                
Klieonychocamptus kliei ponticus Marcus, 1971, is a junior secondary homonym of 
K. ponticus (Serban & Plesa, 1957). I propose 
K. k. marcusi nom. nov. as a replacement name (see p. 175, footnote e) and p.190).


	8.
	
                
Pseudolaophonte glemareci Bodin, 1977, requires new codons as follows:—





	KGG 1- ♀ ♀ (p.172)
                    
	—
                    
	2:2:2/0:1:1/5:5/2/5.
                  

                  

                    
	KGG 1- ♂ ♂ (p.188)
                    
	—
                    
	2:2:2/0:1/2:3/2/2.
                  

                

              




	9.
	Transpose columns three and four of the codon for 
Laophontopsis lamellifera in KGG 1600-♀ ♀ (p.184).


	10.
	
                
Cubanocleta noodti Petkovski, 1977, a new genus and species, is placed by its author in this family even though the A.2 lacks an exopod. Thus, it keys out to the family Ancorabolidae in the Keys to Families (p.8, couplet 24). It requires new codons as follows—





	KGG 1- ♀ ♀ (p.172)
                    
	—
                    
	3:3:3/1:1:1/4:3/3/4.
                  

                  

                    
	KGG 1-♂ ♂ (p.188)
                    
	—
                    
	3:3:3/1:1/4:3/3/1.
                  

                

              


	11.
	
                
Laophonte spinifer is incorrectly spelt by Wells (1978, p.7).
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