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ABSTRACT
Areas of the Knysna estuarine bay in the Western Cape are dominated by three endemic South African truncatelloid microgastropods, temporarily known as 'Hydrobia' knysnaensis (Krauss), 'Assiminea' capensis (Sowerby) and 'Assiminea' globulus Connolly.  Although first described 80-170 years ago and present in abundance (up to 100,000 m-2), they remain surrounded by confusion and still await taxonomic assignment, largely because they appear most atypical members of their groups by virtue of anatomy and/or biogeography and/or habitat.  This study contributes in-life perspectives to morphological and phylogenetic analyses known to be on-going.  At Knysna, they are syntopic: at least two occurring in >85% and all three in >40% of individual 0.0026 m2 samples from their region of dominance.  Nevertheless, they tend to greater abundance in divergent microhabitats; 'A.' globulus dominating higher tidal levels, and 'A.' capensis and 'Hydrobia' lower ones; the former especially unvegetated sediment, the latter, if anything, seagrass.  Interspecific feeding interactions appear unlikely to be responsible for these patterns, other evidence suggesting that all are maintained below carrying capacity.  Field biology of 'H.' knysnaensis generally appears equivalent to that of northern-hemisphere intertidal hydrobiids and that of 'A.' globulus is typically assimineid, albeit at atypically low shore height.  Unlike assimineids, however, 'A.' capensis is truly aquatic.  The success of these truncatelloids in unusual circumstances may be consequent on the absence from South Africa of other microgastropod groups that fill their niches elsewhere in the southern hemisphere.    
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When I look it up later in my 'complete' guide to … coastal wildlife, it is not there. The book in fact includes no life form smaller than about five millimetres, and I wonder if the publishers are catering to popular demand by including only organisms that are easily visible to the naked eye, and if this prejudice is also reflected in the research priorities of marine biology.

                                            H. Aldersey-Williams, 2016. The Tide
INTRODUCTION AND SYSTEMATICS
Truncatelloid and other microgastropods numerically dominate the soft-sediments of many of the world's freshwater swamps, estuaries, lagoons, and sheltered marine bays (Strong et al. 2008; Sasaki 2008; Barnes 2010a; Middelfart et al. 2016).  Around Koumac in New Caledonia, for example, modal size of the >2500 marine mollusc species recorded by Bouchet et al. (2002) was 3 mm, 865 of them lying between 1.9 and 4.1 mm in greatest dimension.  Like the majority of minute species, however, microgastropods are very poorly known and systematically problematic, to some degree consequent on a taxonomy for long based solely on shell structure, notwithstanding that convergent evolution has often led to markedly dissimilar animals producing very similar shells (Fukuda & Ponder 2003; Bichain et al. 2007; Criscione & Patti 2010; Scuderi & Amati 2012; etc.) and that shells of very small species, such as truncatelloids, are often simple, unornamented and particularly convergent (Davis 1979; Hershler & Ponder 1998).  Shell shape in a single species may also vary dependent on habitat conditions, e.g. whether tidally marine or non-tidally lagoonal (Barnes 1988).  Hence, in marked contrast to the attention often given to larger species, microgastropods have in the past usually been 'ignored or grossly underestimated' (Bouchet et al. 2002, p. 422; Albano et al. 2011; Golding 2014). This includes in South Africa. 
On a composite measure including biodiversity, the 1600 ha Knysna estuarine bay (34(S,23(E), located within the Garden Route National Park, is ranked top of South Africa's 250+ estuarine systems in terms of its overall conservation importance (Turpie et al. 2002; van Niekerk & Turpie 2012), not least because it supports both the largest area of seagrass and second-largest area of intertidal saltmarsh in the country (Adams 2016; Adams et al. 2016). The rich intertidal fauna of its soft sediments comprises three broad habitat-based groups of invertebrate assemblages (Barnes 2013a; Barnes & Barnes, 2014) of which one characterises the clean sandflats at the mouth, and the second typifies the main body of the system and comprises classic members of the southern African estuarine fauna (Schlacher & Wooldridge 1996; de Villiers et al. 1999; Henninger & Froneman 2011).  The third occurs only in two seemingly disparate but both highly-sheltered regions: in the low-salinity reaches of the upper estuary, and in saltmarsh creeks and channels within its lower, fully marine zone, i.e. in Day et al.'s (1952) 'backwaters'.  This third assemblage is dominated by three small, endemic, phylogenetically-obscure truncatelloid gastropods that occur in these restricted areas in huge numbers in both seagrass and adjacent unvegetated sediment from below mean water level (MWL) to mean high water (MHW).  There they contribute >90% (means of up to 100,000 ind m-2) to the highest animal densities found anywhere in the Knysna system.  A similar estuarine and lagoonal truncatelloid assemblage has also been recorded in some other South African sites, such as Langebaan (33(S,18(E) in the west (Hanekom et al. 2009) and St Lucia / iSimangaliso (28(S,32.5(E) in the east (Perissinotto et al. 2014), but Knysna is the only one known to date in which all three species occur.  None of the three figures in the classic local monograph (Kilburn & Rippey 1982) and all still await generic assignment, even though they were first described 80-170 years ago. Adding to the 'formidable taxonomic difficulties' associated with such species (Bouchet et al. 2002, p. 422) is the fact that the three seem far from typical of the phylogenetic lines to which it is currently thought they belong, either because of their anatomy, and/or because of the unusual habitat that they occupy and/or for biogeographical reasons.

One is a mud-snail of the subfamily Hydrobiinae, the monophyletic group of hydrobiids (Wilke et al. 2013) that contains the only known coastal marine species; the remaining eight or so other subfamilies being all freshwater in habitat. This <4 mm snail with the temporary name of 'Hydrobia' knysnaensis (Krauss) (AphiaID 595398) (Wilke et al. 2013) cannot be assigned to any known hydrobiid genus (T Wilke pers. comm.). Although anatomically distinct, it is its biogeography that is particularly noteworthy:  it is the only member of its subfamily known from the southern hemisphere (Barnes 2002).  [Other coastal marine microgastropods in the southern hemisphere that were once regarded as hydrobiids are now placed in the not especially closely related families Cochliopidae and Tateidae (see e.g. Wilke et al. 2001, 2013; Koch et al. 2015; Zielske et al. 2017).]  Krauss (1848) first described this species from Knysna as Paludina knysnaensis, but for 150 years it remained a taxon of uncertain identity, although Turton (1932) and Connolly (1939) included it amongst the South African species of Assiminea.  On its rediscovery alive in Knysna in 1999, Barnes (2002) suggested that it was in fact a hydrobiid and this was confirmed by T Wilke in litt. (Barnes 2004), who considered that it appears closest to the genus Peringia Paladilhe that is abundant on estuarine and other intertidal sediments in north-western Europe and that has a known distribution extending down the eastern shores of the Atlantic as far south as 20°N (Wolff et al. 1993).   
The presence of a Hydrobia in various other Western Cape localities had been — and continues to be — suggested sporadically; e.g. Branch & Day (1984) in the Palmiet Estuary; Bennett & Branch (1990) in the Bot Estuary; Kalejta & Hockey (1991) in the Great Berg Estuary; and Siebert & Branch (2007) and Pillay et al. (2010) in Langebaan [probably the same animal recorded there by Puttick (1977) as 'Assiminea isosceles' Connolly, a species only otherwise known from lacustrine fossil material].  Whether these are all the same species or even all hydrobiids remains in doubt, but 'Hydrobia' of one or possibly more types now does seem to occur in estuaries or lagoons through much of the Western and Eastern Capes, from the Great Berg (32°46'S,18°09'E) to East Kleinemond (33°32'S,27°02'E) (Barnes 2004).  The Assiminea ponsonbyi recorded by Day (1969, p. 162) as being 'abundant in Knysna Lagoon on sandy mud at mid-tide' is presumably a misidentification of 'H.' knysnaensis:  A. ponsonbyi Morelet (AphiaID 717004), described from Port Elizabeth, is regarded by the World Register of Marine Species as a taxon inquirendum.  Densities of a Hydrobia of over 180,000 m-2 have been recorded from the Great Berg (Kalejta & Hockey 1991) but it is possible that the animal they recorded was in fact an assimineid, although 'H.' knysnaensis does occur there in saltmarsh pools (Barnes 2002).  Conversely, the Assiminea sp. reported from the Klein Estuary, Hermanus (Scott et al. 1952), is almost certainly 'H.' knysnaensis (T Wilke pers. comm.), as is one of the Assiminea spp. recorded from Swartvlei by Whitfield (1989) (Barnes 2004).  Davis (1981) regarded some of the South African material originally attributed to Hydrobia (e.g. Hydrobia tristis Morelet) and to Assiminea (e.g. Assiminea lirata Turton) as being in reality Tomichia, and likewise Connolly (1939) assigned both Hydrobia caledonensis Chaper and his own earlier Hydrobia rodgersi Connolly to Tomichia, whilst conversely the material from the Wilderness Lakes region recorded by Martin (1962) as Tomichia was considered by Davis (1981) to be a Hydrobia, which he also found abundantly alive in Swartvlei. 
These records exemplify the confusion in South Africa that has surrounded estuarine microgastropods attributed to the genera Hydrobia, Assiminea and Tomichia, notwithstanding that they are members of three different truncatelloid families.  Kensley (1973, p. 70) stressed several decades ago that 'live material is needed to settle the generic status' of many South African microgastropods, and the confusion of Hydrobia with Assiminea provides a dramatic example of problems almost entirely consequent on identifications based on shells since the external appearance of living members of the Hydrobiidae and Assimineidae differs quite markedly (see below).  Some pomatiopsids and hydrobiids, however, are superficially similar (see below), indeed the two families were only separated in 1979 (Davis 1979).  Nevertheless no confusion of South African estuarine 'Hydrobia' and the pomatiopsid
 Tomichia (vlei snails) should occur in practice, since all currently known Tomichia are essentially freshwater or semiterrestrial in habitat, although T. ventricosa (Reeve) (AphiaID 598159) and T. tristis (Morelet) (AphiaID 405099) are also tolerant of high salinity (>160) and have been found in inland saltpans and in or near high-level coastal saline wetlands in the Western and Eastern Capes, respectively (Davis 1981).  Only T. ventricosa has been recorded in 'estuarine settings' (Davis 1981, p. 230) and then only in salinities <8 and to the west of some 19º21'E (Davis 1981). 
The other two dominant microgastropods at Knysna are both currently known under the temporary name 'Assiminea' (Criscione & Ponder 2013), but probably constitute a new endemic South African assimineid subfamily or even a new family, because they show 'bizarre' morphological features otherwise unknown in the Assimineidae (sentinel snails) and even in the whole superfamily Truncatelloidea (Fukuda & Ponder 2010).  The two species are 'A.' capensis (Sowerby) and 'A.' globulus Connolly.  The first named was described by Sowerby (1892) from Port Elizabeth under the name Rissoa (Cingula) capensis (AphiaID 875104).  It then remained unrecorded until 1973 when Kensley figured a putative specimen from Still Bay, and it is still regarded by the World Register of Marine Species as a taxon inquirendum.  With hindsight, it is likely that it had indeed been observed but was mistakenly taken to be a member of a wide range of other genera and families, even the pulmonate Amphibolidae (Hubendinck 1945) and cerithioid Dialidae (Turton 1932), although more often other littorinimorph groups including the cingulopsoid Cingulopsidae (Tomlin 1916) and truncatelloid Pomatiopsidae (Barnes 2002 and possibly Bennett 1989).  Animals from Knysna were eventually recognised as Sowerby's Rissoa capensis by DG Herbert and RN Kilburn of the KwaZulu-Natal Museum, Pietermaritzburg (Barnes 2010a).  It was clear from this living material of the tiny gastropod (<2.25 mm shell height) that it was not, however, a Rissoa or even a rissoid, but what its true affinities might be was not evident until the molecular analyses of Wilke et al. (2013) and Criscione & Ponder (2013) and the anatomical work of Fukuda & Ponder (in prep.), all based on material from Knysna.  Records of 'A.' capensis (Sowerby) currently extend from Still Bay (34°23'S,21°25'E) in the west to St Lucia / iSimangaliso (28°00'S,32°23'E) in the east [as 'Assimineidae sp.' (Perissinotto et al. 2014) and 'A. aff. capensis' (Miranda et al. 2014)], although if the Tomichia recorded from the Bot by Bennett (1989) is in reality this species the westward range of 'A.' capensis extends to 34°21'S,19°07'E.  Kensley (1985) records putative Pleistocene and Quaternary subfossil material from much further west, along the southern coastline and up the Atlantic coast as far as north as Elands Bay (32°19'S,18°20'E).  That area of the South African west coast has been subject to extensive remodelling over the last 4000+ years as a consequence of sea-level change, and sheltered lagoon-like habitats were once more widespread there at some 2-3 m above present sea-level (Miller et al. 1995).  To add to the confusion, 'A.' capensis (Sowerby) is not the same animal as A. capensis Bartsch (AphiaID 600676) which, although not the name currently accepted by the World Register of Marine Species (as of April 2017), may be the correct one for the common South African snail usually known as A. ovata (AphiaID 225185) or A. bifasciata (AphiaID 600675) (see Miranda et al. 2014).  
The second 'Assiminea', the <4 mm long 'A.' globulus (AphiaID 225184), is an abundant and, until recently, systematically uncontentious animal occurring in the Eastern and Western Capes (from 31°42'S,18°11'E to 33°17'S,27°29'E) (Branch et al. 2010; Källén et al. 2012).  At Langebaan, for example, it occurs at densities of up to nearly 150,000 m-2, comprises the majority of the invertebrate biomass (Puttick 1977) and is highly visible on the surface of the mudflats (Branch et al. 2010, Fig. 79.11a).  However, in their revision of small gastropods previously included in the Rissooidea/Truncatelloidea, both Wilke et al. (2013) and Criscione & Ponder (2013) concluded that it was closely allied to the mysterious 'A.' capensis (Sowerby) above and distinct from other members of the Assimineidae. Both these 'Assiminea' species are not only highly aberrant anatomically (particularly in respect of the form of their central radula tooth and lack of an omniphoric groove; H Fukuda & W Ponder pers. comm.), but they are also very unusual in occurring relatively low on the shore, well down into the seagrass zone.  Assimineids are otherwise amphibious or fully terrestrial, those known from marine or brackish waters usually occurring supralittorally in high-tidal-level saltmarshes, mangrove swamps, etc. (Fukuda & Ponder 2003; Hallan et al. 2015), including A. capensis Bartsch, for which Knysna saltmarshes form the western limit (Branch et al. 2010) and which is also the dominant microgastropod in South African mangroves (Macnae 1963).
As currently understood, all three truncatelloids therefore appear to belong to as yet undescribed endemic South African taxa, and they have potentially evolved their morphological and ecological singularity in sympatry: today, at least, separately or in various combinations they would appear to be the only dominant truncatelloids in South African estuaries and lagoons, and all three are present at points along the stretch of South African southern coast from 22° to 27°E.  As Hutchinson (1965) and van Valen (1973) have both famously pointed out, the evolutionary history and relationships of animals cannot fully be understood without a living-organismal dimension. Unfortunately, although the literature contains several records of their occurrence (even if, as above, precise identities are often questionable), only 'A.' globulus has received any detailed ecological analysis (e.g. Pillay et al. 2009, 2010, 2011; Källén et al. 2012). There has been very little or no relevant work carried out on the biology in life of either 'H.' knysnaensis or 'A.' capensis, and none on possible interactions between the species. The fact that they are not only abundant but syntopic at Knysna (Barnes & Barnes 2014), therefore provides an ideal opportunity both to investigate whether their field biology casts light on their peculiarities and to contribute in-life perspectives to the otherwise purely anatomical and molecular approaches to their phylogeny and systematics currently being undertaken. Accordingly, this paper records their relative distributions and abundances within a single shared section of the Knysna system, their apparent responses to features of their habitat, and, with particular reference to 'A.' capensis, arguably the most aberrant species morphologically and ecologically, tests whether their local distributions might be influenced by interspecific feeding interactions.
METHODS


Data on the distribution and abundance of Knysna's soft-sediment macrobenthic fauna were collected during the years 2009-2015 from a large number of stations scattered across the whole of the estuarine bay as part of an earlier study of the spatial ecology and biodiversity of the system's seagrass beds (Barnes 2010b, 2013a, 2013b, 2016; Barnes & Ellwood 2011a, 2012; Barnes & Barnes 2014; Barnes & Hendy 2015).  Information on the three truncatelloids was extracted from the databases underlying that study, and additional data were collected in 2016 and 2017 from relatively high-level saltmarsh creeks within the area of maximum truncatelloid abundance along the eastern shore of Knysna's outer marine basin (Fig. 1).  One creek, 'Armstrong', was the eastern half of the borrow-pit channel, floored by the eelgrass Zostera (Zosterella) capensis and unvegetated sand, that runs alongside a Triglochin/Limonium/Sarcocornia marsh on the northern edge of the causeway linking Leisure Isle to the mainland (i.e. at a height of some MHW-0.45 m to MHW-0.20 m from 34(03'58"S,23(04'02"E to 34(03'58"S,23(04'15"E).  The other, 'Woodbourne' (34(04'07"S,23(03'56"E to 34(04'10"S,23(03'58"E), was the wide, shallow, sandy, seagrass-less creek that drains the western half of the Spartina marshes to the south of the causeway and has a cross-sectional bed height of some MHW-0.30 m to MHW-0.10 m in the sampled region.  These localities were selected because pilot studies showed that they supported marked spatial variation in individual and combined truncatelloid densities.  Some additional information was also collected from 'Rex', the main creek draining the saltmarsh to the north of the Armstrong causeway and also supporting Z. capensis, that extends from 34(03'37"S,23(03'59"E to 34(03'45"S,23(03'55"E and contains permanent pools of water through periods of low tide.  All shore heights given here are based on data in the South African Tide Tables (South African Navy 2017), ground-truthed by reference to a nearby tide staff; the height difference between MWL and MHW being 0.55 m.  All organismal nomenclature is as given in the World Register of Marine Species, except in respect of Assiminea capensis Bartsch (see Miranda et al. 2014).
In life, the three species are very easily and indisputably distinguishable on the form of their cephalic tentacles and position of their eyes:  
'Hydrobia' — tentacles elongately filiform (length c. 10x average width), with a black streak near their tip and with eyes at their swollen base (equivalent to those shown in, e.g., Wilke 2003, Fig. 2A-C); 
'A.' capensis — tentacles short, triangular (length c. 2x basal width), unpigmented and with eyes at their swollen base (see Perissinotto et al. 2014, Fig. 3A); and
'A.' globulus — no tentacles, the eyes mounted on short, stout stalks (of the type illustrated by Fukuda & Ponder 2005: Fig. 1 and Perissinotto et al. 2014: Fig. 3B).  
Tomichia is similar in external appearance to many hydrobiids (see, e.g., Appleton & Miranda 2015, p. 127, Fig. 3b), although the only species known occasionally to occur in brackish marine waters, T. ventricosa, has densely pigmented cephalic tentacles and head except for the tip of its snout (Davis 1981, Fig. 14), in contrast to the clear translucent tentacles of 'H.' knysnaensis.  No Tomichia were encountered at Knysna and there are no confirmed records of it within a radius of >185 km of that system (Davis 1981).

Possible intra- and interspecific interactions were assessed by relative food intake of in situ animals in their natural habitat under the local ambient levels of population density of their own species and those of any syntopic truncatelloids, via the proxy of faecal pellet egestion (see Levinton 1979; Barnes 2002, 2003a, 2005; Shipp & Grant 2006).  Field data were preferred to the use of controlled laboratory experiments because of the general problem of uncertainty of extrapolation from laboratory results to the real world (Crowe & Underwood 1998; Chapman 2000), and specifically because marked discrepancies between laboratory and field results have previously been established in the presumed ecologically-equivalent Peringia (Barnes 2006, as Hydrobia).  Series of 0.0026 m2 (area) x 0.05 m (depth) core samples were taken from Armstrong and Woodbourne.  Each such sample was immediately sieved very gently on site through 710 (m mesh to extract all gastropods unharmed. Whenever numbers permitted, 10 living adult individuals of each of 'H.' knysnaensis and 'A.' capensis (at Armstrong) or of 'A.' capensis and 'A.' globulus (at Woodbourne) were removed from the sample with the aid of a Sona Enterprises MH1047L Head Magnifier, and each snail was placed in an individual small plastic 40 mm diameter pot with a little local seawater. The remaining snails from each core sample were retained for assessment of the associated local population densities.  Potted snails were taken to a local field laboratory and after a total period of 90 minutes following collection (Barnes 2001) each was removed from its pot and the number of faecal pellets it had egested was counted.  Fifty seven such cores were taken at Armstrong from the interface between seagrass and bare sediment at random points along the creek bed, and the same number at Woodbourne along the sandy sides of that creek, one series of 19 in the low-water channel (at c. MHW-0.30 m), a second near the junction with the surrounding saltmarsh (at c. MHW-0.10 m), and a third in between those levels. Because ingestion/egestion rates are known to vary seasonally and with tidal cover in the microphytobenthically feeding Peringia that inhabits comparable intertidal situations in temperate regions of the northern Atlantic (Barnes 2006; Coelho et al. 2011), all samples were collected during the same season (during the second half of the austral summer in early 2017) and at the same state of the tide (during tidal ebb when the substratum was still covered by (0.2 m of water). Time of day was also recorded, if appropriate to control for the more minor variation in rates of egestion, and more generally activity, in relation to changes in light intensity (Barnes 1986, 2003b; Coelho et al. 2011), although the time window of collection was kept as small as possible.  Non-feeding snails (i.e. those producing no pellets) were discounted.
Supplemental material: the earlier data sets of microgastropod distribution and abundance and the data generated by the present study are all lodged in electronic format in the Rondevlei Office of South African National Parks Scientific Services (https://www.sanparks.org/conservation/scientific_new/garden_route/contact/default.php).  
RESULTS
FIELD DISTRIBUTIONS
Unpublished records from the earlier studies of intertidal seagrass beds along the main navigation channel at Knysna demonstrate the sporadic occurrence of 'H.' knysnaensis, 'A.' capensis and 'A.' globulus at very low overall population densities throughout the estuarine bay, i.e. means of <0.2, <2 and <0.3 0.1 m-2 respectively, including, in respect of 'A.' capensis, right down to LWS (e.g. data of Barnes 2010b; Barnes & Ellwood 2012).  Relatively sheltered areas near the landward margin of the seagrass along the navigation channel in the marine basin, however, can support local truncatelloid maxima of up to 250 0.1 m-2. In the more exposed areas and subtidally, these truncatelloids are generally replaced by the somewhat larger cerithioid Alaba pinnae (Krauss).  'H.' knysnaensis and 'A.' capensis were also regularly found at densities of >80 0.1 m-2 in the seagrass beds of the estuarine basin at the bay's head (data of Barnes & Ellwood, 2012; Barnes & Hendy, 2015), but it is only in the channels and creeks within the marine basin's eastern saltmarshes that these microgastropods have been found across wide areas in total densities of >1000 0.1 m-2 (Barnes 2010b; Barnes & Barnes 2014).  This region of maximum microgastropod abundance (Fig. 1) shows a uniform topography.  Saltmarsh generally occupies the zone from some 20 cm below HWN up to HWS (Maree 2000), although the sandy creeks studied in the present work cut through the marsh at c. HWN-MHW level.  To the north of the Armstrong causeway, Cape eelgrass occurs along the beds of the drainage channels together with areas of unvegetated sand (see Day 1967, Fig. 5; Maree 2000, Fig. 4).
Along the bed of the Armstrong channel in 2017, 'A.' capensis, 'Hydrobia' and 'A.' globulus occurred in the overall ratio of 16 : 5 : 1 at a mean density of 2869 ( 218 (SE) 0.1 m-2 (range 500-9050 0.1 m-2).  The same rank order reflected their occupancies:  100%, 96% and 51%, respectively. 'Hydrobia' and 'A.' capensis occurred together in 96.5% of individual core samples and all three species in 49.1%; only one core sample contained a single truncatelloid species. Syntopic numbers of 'Hydrobia' and 'A.' capensis were negatively correlated, although not significantly so (Spearman ( = -0.19; P = 0.17) (see Fig. 2A), and numbers of 'A.' capensis were not only greater overall but were greater than those of 'Hydrobia' in each individual sample (Wilcoxon Matched Pairs, z >5.6; P <<0.0001).
At Woodbourne over the same period, 'Hydrobia' was very scarce, although present at the same low density (a mean of 21 0.1 m-2 ) at all tidal heights in the creek (ANOVA F2,54 = 2.93; P >0.06). The two 'Assiminea' species, however, were differentially distributed with respect to shore height (ANOVA F2,54 >38; P <<0.00001).  'A.' globulus was the sole species present near MHW, where it occurred in sandy banks at densities of 1000->6500 0.1 m-2, and it was the dominant one near the interface with saltmarsh at MHW-0.1 m.  In contrast, 'A.' capensis was most abundant in the bed of the creek at MHW-0.3 m, at densities of 2330 ( 204 (SE) 0.1 m-2 (range 500-4080 0.1 m-2).  Both species were present across the intervening area, numbers of 'A.' capensis therefore decreasing up-slope (Spearman ( = -0.85; P <0.00001) and those of 'A.' globulus increasing (Spearman ( = +0.81; P <0.00001), such that there was a clear inverse relationship between their abundances (( = -0.60; P <0.00001) (see Fig. 2B), although overall 'A.' capensis was the more numerous (ANOVA F1,36 = 7.9; P <0.01).  Total microgastropod numbers decreased up the sides of the creek (( = -0.50; P <0.0001).  All three microgastropod species were present in 35% of samples and at least two species in 75%.  'Assiminea' capensis was the most widespread species with an occupancy of 88%, close followed by 'A.' globulus with 84%; 'Hydrobia' only achieved 39%.  Mean truncatelloid densities at Woodbourne were only two-thirds, and maximum values only slightly more than half, those at Armstrong.
Pre-2017 data on seagrass beds and adjacent areas of bare sediment at the same tidal height demonstrate that although, as in 2017, 'Hydrobia' and 'A.' capensis occurred together in the large majority of individual samples (>79%), they nevertheless displayed a degree of differential response to microhabitat type (Table 1).   In 2014 'A.' capensis was at least six times more abundant than 'Hydrobia' in each habitat at each site, and consistently so in each sample (Wilcoxon Matched Pairs, z >4.6, P <<0.0001); it also had higher occupancies (99% vs 80% in seagrass; 100% vs 87% in sand).  'A.' capensis was also considerably more numerous than 'Hydrobia' in both habitat types in 2009 (ANOVA F1,58 >26; P <<0.0001), although not in 2004 (see below).  'A.' globulus was always the least common truncatelloid at these relatively low levels at Knysna and never exceeded an occupancy of 51%. 
All available data from the marine basin's eastern saltmarsh channels therefore indicate a consistent pattern in which, although 'Hydrobia' and 'A.' capensis occur together in large numbers in both seagrass and adjacent unvegetated sediment along the creek beds, 'A.' capensis is the numerically dominant species at each shared point in space.  The differential in apparent habitat preference is also a consistent feature, with 'A.' capensis always being more abundant in bare sediment, and, if anything, likewise 'A.' globulus, whilst 'Hydrobia', if anything, is more abundant in seagrass.  Relationships between the syntopic densities of the two more numerous species at any given point are more variable, however.  In contrast to the 2017 data, in 2014 and 2016 syntopic numbers of 'A.' capensis and of 'Hydrobia' in the unvegetated sand at each site showed no significant correlation (Spearman ( <0.09; P >0.6) and were even positively correlated in seagrass at Armstrong (( = 0.58; P <0.0001) and marginally so at Rex (( = 0.29; P = 0.053). 
There is some evidence of longer-term temporal changes in relative abundance of 'A.' capensis and 'H.' knysnaensis at Knysna (Barnes & Barnes 2014) but unfortunately there are no relevant data from any individual site.  'A.' capensis was not noted as a dominant species before 2009 and its densities in other areas of seagrass within the eastern saltmarsh block near (though not actually at) the Rex and Armstrong sites were then <800 0.1 m-2, whilst during the same periods and at those same localities densities of 'Hydrobia' were >1450 0.1 m-2 (data of Barnes 2010b).  Number of replicate samples and precise location of sites pre-2009 militate against generalisation, however, although nevertheless these mean densities are lower and higher, respectively, than any recorded for 'A.' capensis and 'H.' knysnaensis from sites in that general area in the later 2014-2017 period.

At the higher tidal levels particularly characterised by 'A.' capensis, and especially near the transition to saltmarsh, 'H.' knysnaensis was nowhere abundant (i.e. <130 0.1 m-2), but earlier data show 'A.' capensis co-existing with 'A.' globulus at other higher-level sites besides Woodbourne; at Rex, for example, where mean densities of some 3000 'A.' capensis and 1000 'A.' globulus 0.1 m-2 were present on the sandy sides of creeks in 2016.  In the more exposed areas at Knysna, e.g. near the mouth of the Woodbourne creek, and in the nearby Goukamma Estuary (34°04'34"S,22°57'05"E), 'A.' globulus appears to be the only species present in bare sediment at this tidal height.  Except in low-level Spartina marsh at near MHW, where 'A.' globulus occurs in small numbers (especially juveniles), the surface of the saltmarsh (i.e. at and above HWS) at Knysna is dominated by the larger A. capensis Bartsch.     
FAECAL PELLET EGESTION
No relationship was apparent between the number of faecal pellets egested by 'Hydrobia' (mean 23.3 ( SE 0.6) and those egested by syntopic 'A.' capensis (mean 26.7 ( SE 0.9) at Armstrong (Spearman ( = +0.026; P >0.8) (Fig. 3.A), nor was there any significant correlation between the pellets egested by 'A.' capensis and the ambient densities (a) of its own species (range tested 424-8316 0.1m-2) (Fig. 4.A), (b) of syntopic 'Hydrobia' (range 154-2079 0.1 m-2) (Fig. 4.B) or (c) of the total microgastropods present (range 1117-9048 0.1 m-2) (( = -0.04 to -0.09; P >0.5).  Surprisingly, egestion of 'Hydrobia' (range 11.5-30.7 pellets) showed no significant relationship with its own density (( = +0.14; P >0.1) (Fig. 5.A) but was positively correlated with the density of (a) associated 'A.' capensis (range 424-4543 0.1 m-2) (Fig. 5.B) and (b) the total microgastropods (range 732-6584 m-2) (( = ≥+0.32; P <0.04).  No significant relationship was found between egestion and hour of sampling in either 'Hydrobia' or 'A.' capensis (( = -0.02 to +0.06; P >0.6).
There were, however, significant (positive) relationships between number of pellets egested and the hour of sampling in both 'Assiminea' species at Woodbourne (( = +0.39; P <0.02), and all pellet numbers of each species were normalised to a common time before statistical analysis (although in practice, such adjustment did not change the significance of any conclusions).  No relationship was apparent between the number of faecal pellets egested by 'A.' globulus (mean 45.2 ( 2.2 SE) and those egested by syntopic 'A.' capensis (mean 26.8 ( 0.8 SE) (Spearman ( = +0.26; P >0.25) (Fig. 3.B), although the two species only co-occurred in sufficient numbers to make such analysis possible in one-third of samples (those from c. MHW-0.2 m).  Nor were there any significant correlations between the pellets egested by 'A.' capensis and the ambient densities of (a) its own species (range tested 385-4081 0.1 m-2) (Fig. 4.C), or (b) syntopic 'A.' globulus (range tested 0-1810 0.1 m-2) (Fig. 4.D) or (c) the total microgastropods (in all cases, ( <0.11; P >0.5).  There was, however, a significant positive correlation between the pellets egested by 'A.' globulus and the ambient densities of its own species (range tested 270-2233 0.1 m-2) (Fig. 5.C) (( = +0.55; P = 0.0003), and its egestion showed a significantly negative relation to the density of syntopic 'A.' capensis (range tested 0-3966 0.1 m-2) (( = -0.41; P <0.01) (Fig. 5.D).  This relationship, however, was confounded by a significant decrease in egestion in 'A.' globulus at c. MHW-0.2 m compared with that in the zone MHW-0.1 m where it was more abundant (one-way ANOVA F1,36 = 7.0; P <0.02).  The reduction in egestion of 'A.' globulus on the creek sides at c. MHW-0.2 m could therefore be a response to either (or both) the lower shore height of that microhabitat or the more abundant presence there of 'A.' capensis.  'A.' capensis did not display the equivalent effect, there being no difference between its egestion in the creek bed at MHW-0.3 m and on its sides at MHW-0.2 m (one-way ANOVA F1,36 = 0.01; P >0.9).   During these tests it was apparent that individuals of 'A.' globulus frequently climbed up the sides of their pots out of the water (they were then returned to it), whereas those of 'A.' capensis did not do so.
DISCUSSION

During the period 2014-2017, mean densities of the endemic truncatelloids in the eastern saltmarsh creeks at Knysna were <3000 0.1 m-2, considerably larger than overall macrofaunal densities elsewhere in the bay but nevertheless smaller than truncatelloid densities recorded at some other South African sites, such as Langebaan (Puttick 1977) and the Great Berg Estuary (Kalejta & Hockey 1991).  Smaller too than those of the hydrobiid Peringia on mudflats in the cool-temperate European Wadden Sea that show maxima approaching 30000 0.1 m-2 (Andersen & Pejrup 2002; Kraan et al. 2011).  Recent work at Knysna has shown macrofaunal assemblage composition at any given point to be a random subset of those species in the locally available pool (granted their overall frequencies of occupancy), both because of the occurrence of spatially homogeneous species density across individual seagrass beds (Barnes 2013b, 2016) and also because of the absence of either significant positive or negative species co-occurrence patterns (Barnes & Ellwood 2011a).  Similar results have been obtained in Chesapeake Bay (Lefcheck et al., 2016; JS Lefcheck, pers. comm.).  Such stochastic composition will only be found where no species is in a position to affect the distribution of any other, i.e. when populations are below carrying capacity and competitive interactions do not occur, even if, as has been demonstrated in a similarly low diversity deposit-feeding assemblage (Karlson et al. 2015), niche overlap is almost total.  The same circumstances seem likely to apply to several equivalent truncatelloid-dominated habitats elsewhere (e.g. Leguerrier et al. 2003; Pascal et al. 2009; Barnes 2014).  Even in the cool-temperate and relatively unproductive eelgrass beds of the North Sea, the much higher truncatelloid densities have been regarded as being below carrying capacity (Barnes & Ellwood 2011b), although this may not be the case on mudflats during hot summers at some sites in northwestern Europe (Weerman et al. 2011; Orvain Guizien et al. 2014).  The absence of clear intra- or interspecific feeding interactions between the Knysna truncatelloids is consonant with usually being held below carrying capacity.  Indeed, such may be responsible for their apparent syntopic co-existence (Peterson 1979).  More generally there is no evidence for interspecific competition effecting rarity or restriction of range in South African eelgrass gastropods (Angel et al. 2006).  The dynamics of general maintainance of truncatelloids below the carrying capacity set by their phytodetritus and microphytobenthic-biofilm food (Middelburg et al. 2000; Pillay et al. 2009; Dubois et al. 2014) seem well established.  Bachelet & Yacine-Kassab (1987), for instance, have shown that cohorts of intertidal Peringia ulvae at the mouth of the Gironde Estuary in France are subject to very high mortality for the first three months after settlement onto the sediment surface, numbers plummeting by as much as >90%.  Similar results have been obtained in North Sea populations of P. ulvae (Barnes 1990) and in other intertidal hydrobiids such as the directly-developing Hydrobia glyca in Brittany (Barnes 1993, 1996, as 'intertidal Hydrobia neglecta'; see Wilke et al. 2000) and Ecrobia truncata in Massachusetts (Mandracchia & Ruber 1990).  Although food-web complexity can cause confounding of experimental results (Kneib 1991) and although not all soft-sediments and their supported predators and prey species are equivalent (Thrush 1999; Woodin et al. 2016), predator-exclusion caging studies on intertidal sediment flats and saltmarsh creeks immediately after settlement of the young stages of such species have frequently shown that it is mobile, benthically-feeding consumers, especially those feeding indiscriminantly on anything small in and on the surface layers of the sediment, that are responsible for much of this mortality, including via their disturbance of the substratum whilst feeding (see e.g. Reise 1978; Wiltse et al. 1984; Bolam et al. 2002).
One important group of consumers potentially capable of maintaining such low population densities of prey species are juvenile fish, which use marsh creeks both as refuges from their own predators and as an source of small food items (Halpin 2000; McDevitt-Irwin et al. 2016), especially where seagrasses colonise the creek beds (Minello et al. 2003). Whitfield & Blaber (1978), Whitfield (1988) and Bennett (1989) have demonstrated that in South Africa mugilids (Mugil and Liza), sparids (Lithognathus, Diplodus and Rhabdosargus) and gobiids (e.g. Caffrogobius) all take truncatelloids, and even casual inspection of the saltmarsh creeks at Knysna at high tide discloses the presence of numerous large schools of small fish of these and other species (Le Quesne 2000; Pollard et al. 2017). Unlike some other local systems, however, the majority of fish at Knysna feed extensively in the saltmarsh creeks, not just seek refuge there (Le Quesne 2000). In increasing numbers, Egyptian geese (Alopochen) feed in the bare sediment and seagrass areas of the saltmarsh channels and although generally regarded as being vegetarian doubtless take in many small gastropods, whilst various epibenthic prawns and juvenile crabs, and infaunal flatworms, nemertines, polychaetes, bulloid and naticoid gastropods, and even some foraminiferans are also known to consume truncatelloids, especially their juvenile stages. Adult hydrobiids, tateids and assimineids, protected by their hard shell and operculum, may pass through vertebrate guts and emerge unharmed and alive (Aarnio & Bonsdorff 1997; Vinson & Baker 2008; Cadée 2011), but the shells of the three species under consideration here are all very thin, fragile and transparent when juvenile and are likely to be of little protection at the stage at which mortality is heaviest.
Besides indicating that the Knysna microgastropods are below carrying capacity, the egestion data also display some other interesting patterns.  The significant increase in 'Hydrobia' egestion in the presence of 'A.' capensis, for example, was unexpected, but a similar phenomenon has been described in the freshwater planorbid gastropod Planorbella (Sura & Mahon 2011, as Helisoma) as well as in the shore crab Carcinus (Chakravarti & Cotton 2014).  Of possible relevance here is that Sura & Mahon (2011) invoke release of kairomones or other equivalent chemical substances by the alien invasive vivaparoid gastropod Cipangopaludina in stimulating feeding by the native Planorbella.  Raw et al. (2013) also suggest their release by the alien cerithioid Tarebia granifera in St Lucia / iSimangaliso, in this case having the opposite effect on Assiminea capensis Bartsch and 'A.' capensis (Sowerby), i.e. causing them to move away from resources potentially to the benefit of Tarebia.  The absence of field data showing the occurrence of negative intraspecific density-dependent effects on feeding in any of the truncatelloids also highlights another example of the apparent discrepancy between laboratory and field studies of feeding in hydrobiids, in that Barnes (2004) found that a marked reduction in egestion occurred in laboratory populations of 'Hydrobia' knysnaensis at densities in excess of some 500 0.1 m-2, and other authors have obtained equivalent laboratory results with Peringia ulvae at densities of some 100-200 0.1 m-2 (e.g. López-Figueroa & Niell 1988; Blanchard et al. 2000) — densities well below normal field abundance.  In the present study, the range of field densities of truncatelloids over which no density-related reduction in egestion occurred, however, extended to >5000 0.1 m-2.  As with earlier similar contrasts between the lack of response shown by in situ animals and significant reductions in ingestion or egestion in laboratory experiments on the environmental variable concerned (e.g. Barnes 2006), the causes remain unknown, although there are probably several ways in which laboratory tests fail adequately to replicate natural conditions or to allow natural behaviour. 
On the basic of faecal pellet production, feeding of 'Hydrobia' and 'A.' capensis at Armstrong continued at an unchanged rate between some 07.00 and 14.30 hours yet quantities of microphytobenthic chlorophyll a in the sediment are likely to have varied significantly over the same time period (Consalvey et al. 2004). These observations are not necessarily contradictory, however.  Other hydrobiids are known to ingest a wide range of material including bacteria and non-living detritus (Pascal et al. 2008; Orvain, de Grignis et al. 2014) as well as macroalgae and microphytobenthic biofilms (Orvain, de Grignis et al. 2014; Araújo et al. 2015), and to feed in a number of modes including direct ingestion of deposits and epipsammic browsing (Lopez & Levinton 1987).  Ingestion rate of the functionally equivalent cochliopid Heleobia australis and of the hydrobiids Peringia ulvae and Ecrobia truncata has been shown to vary with the quantity of available food in the sediment (Forbes & Lopez 1989; Haubois et al. 2005; Magalhães et al. 2014), and if food is present to excess (as may usually be the case if the animals are at less than carrying capacity) ingestion rate may remain constant at maximum level.  What materials are ingested, however, and how they are obtained can vary with ambient conditions (López-Figueroa & Niell 1988; Riera 2010) including locally available quality and quantity of different food sources (Orvain & Sauriau 2002; Aberle et al. 2009).  Hence periods of likely maximum uptake of chlorophyll a do not have to equate to periods of differential overall ingestion.  The ability to vary ingestion rate with food availability shown in other truncatelloids might also explain the positive correlation between 'A.' globulus egestion and its own population density at Woodbourne, where its density was particularly variable in the relatively clean sands of the creek.  The animal may aggregate in food-rich areas in which they can ingest more per unit time and move away from food-poor ones (Levinton & Kelaher 2004), but relatively little information is available on the trophic ecology of assimineids, it generally being assumed that they are simple unselective deposit feeders (Abbott 1958; Kurata et al. 2001; Doi et al. 2005).  
Although their frequent syntopy suggests that the overall niche envelopes of the three Knysna truncatelloids are very similar, this study has demonstrated a significant degree of differential numerical response to microhabitat features of their shared environment.  Whether similarity of niche envelopes extends to their precise food requirements is not yet known, although it is currently under study (N Miranda pers. com.).  In terms of their habitat use, however, 'Assiminea' globulus is clearly the most numerous species at the higher levels of their joint range up the shore, and 'A.' capensis in particular dominates the lower ones, at least post-2009; whilst there is some evidence that earlier it was 'H.' knysnaensis that was in this position.  The differential reaction to shore height of the two 'Assiminea' species is thus commensurate with their contrasting behaviour when placed in the small pots of sea water.  With respect to 'H.' knysnaensis it is perhaps not so much shore height as time spent immersed in water that may be the variable at stake in its vertical range, in that what appears to be the same species as at Knysna also occurs in even higher-level saltmarsh pools on the Great Berg (Barnes 2002) and at Knysna it occurs in greatest abundance in seagrass beds (in contrast to 'A.' capensis), both habitat types tending to retain water or at least to remain relatively damp on the sediment surface through low tide periods.  Densities of individual truncatelloid species are known to be subject to wide fluctuations over time (Barnes 1991), but it may also be significant that the geographical range of 'A.' capensis suggests that it is essentially an eastern, warm-water species, whereas in contrast 'H.' knysnaensis is a western, cooler-water form. Therefore, equivalently to the recent appearance and spread in Knysna of the warm-water cerithioid gastropod Cerithidea decollata (see Hodgson and Dickens 2012), appearance of the warm-water fiddler crab Austruca annulipes (see Peer et al. 2015) and southerly range extensions of estuarine fish (James et al. 2013), the increasing importance of 'A.' capensis and possible decreasing importance of 'Hydrobia' at Knysna would be consonant with likely effects of climate change.  Similar southerly range extensions are currently being observed along the eastern coast of Australia (Nimbs et al. 2016).  
That all three species occur at Knysna can be regarded simply as an accident of biogeography; the estuarine system happens to be located in the narrow warm-temperate zone between Cape Agulhas and Algoa Bay / Port St Johns at the interface between the subtropical/tropical Agulhas and cool-temperate Benguela provinces (Teske et al. 2006; Teske et al. 2011).  The factors governing their distribution within the estuarine bay itself are less clear.  Knysna's tidal prism is very large, 19 x 106 m3 during spring tides (Allanson et al. 2000), and the flushing of this volume of water in and out of the marine basin each tide would seem more than sufficient to distribute young truncatelloids around that basin, even though no behaviour equivalent to floating (Anderson 1971) or drifting (Sigurdson et al. 1976) has been observed.  The water in the upstream lagoonal basin, however, tends to pulse up and down the estuary with the tide, has a long residence time, and mixes poorly with that tidally pulsing to seaward (Largier et al. 2000).  This area forms the truncatelloid-minimum zone (Barnes & Ellwood 2012; Barnes & Hendy 2015).  How the populations of 'Hydrobia' and 'A.' capensis are maintained in the estuarine basin even further upstream, and whether they mix with those in the marine basin, is not known.  If they travel there alive in vertebrate guts (Aarnio & Bonsdorff 1997; Vinson & Baker 2008; Cadée 2011), they should equally occur in the lagoonal basin where apparently suitable sheltered saltmarsh habitats appear to be available.
Living 'A.' capensis has not been recorded from bays or estuaries to the west of Swartvlei (34º01'E), and in that section of the Western Cape 'A.' globulus not only occurs in seagrass but can be the dominant member of the seagrass epifauna.  In marine stretches of the Heuningnes Estuary, for example, it occurs in densities of >1800 0.1 m-2 and comprises 66-99% of epifaunal numbers (Källén et al. 2012).  Likewise, in Langebaan 'A.' globulus dominated the uppermost third of the seagrass beds in mean densities of some 500 0.1 m-2 and comprised up to 96% of the macrofaunal numbers (Pillay et al. 2010), as well being a dominant faunal component in stands of Spartina (Pillay et al. 2011).  'Hydrobia sp.' showed the same pattern of distribution but was less abundant. Both species were there particularly associated with the seagrass and declined markedly when the eelgrass beds were lost over the period 1983-2009 to be replaced by unvegetated sandflat supporting <5% of the numbers of the microgastropods (Pillay et al., 2010).  At Knysna, however, and further to the east, e.g. in the Kariega Estuary (26°40'E) (Henninger & Froneman 2011), 'A.' globulus is a relatively insignificant member of the seagrass fauna and is most characteristic of the higher level sandflats.  Unfortunately, however, ecological information on the occurrence of 'A.' capensis between Knysna and St Lucia / iSimangaliso is non-existent.  Like that relating to 'A.' globulus and its eastern replacement A. capensis Bartsch, all potentially relevant data have usually been amalgamated into the '?Assiminea spp' recorded in surveys of Eastern Cape estuaries (e.g. Teske & Wooldridge 2001).  Whether the separation on the shore of the two 'Assiminea' species observed at Knysna continues further to the east therefore remains to be seen, although A. capensis Bartsch and 'A.' capensis (Sowerby) do show a measure of habitat separation in St Lucia / iSimangaliso, but there based on magnitude of salinity fluctuation (Miranda et al. 2014). 
Overall, this study did not produce any evidence of differences between the field biology of 'H.' knysnaensis and that of other intertidal members of its otherwise northern-hemisphere group such as Peringia (see Fish et al. 2000) or Hydrobia (Barnes 1996), and likewise that of 'A.' globulus appears to be equivalent to that of more typical assimineids (Barker 2001), albeit at a considerably lower than usual height on the shore (seemingly, the more so in the absence of 'A.' capensis). That of 'A.' capensis, however, is much more characteristic of intertidal but not amphibious truncatelloid or rissooid groups such as Hydrobiidae, Cochliopidae, Tateidae or Rissoidae than of an assimineid, notwithstanding that it shares semi-terrestrial adaptations such as a reduced gill with that family (H Fukuda & W Ponder pers.comm.).  It is notable that elsewhere in the southern hemisphere the truncatelloid groups that fill the estuarine niche occupied by 'A.' capensis and/or 'A.' globulus, i.e. the Cochliopidae (in South America) and Tateidae, Stenothyridae and Criscione & Ponder's (2013) clade I families (in Australasia), do not occur in southern Africa.  It could be this absence and the resultant ecological vacuum that has permitted the South African 'Assiminea' to expand their range down into unusually low shore horizons, and likewise it may help to explain the success of the sole known southern-hemisphere marine hydrobiid, 'H.' knysnaensis.
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Table 1.  Pre-2017 densities per 0.1 m2 of syntopic 'Hydrobia' knysnaensis, 'Assiminea' capensis and 'A.' globulus in seagrass and in adjacent unvegetated sand at the Rex and Armstrong sites (values of P from one-way ANOVA comparisons of densities in the two habitat types). 
Site


Species
        Seagrass         Bare sand      
  P

Rex 2014

'H.' knysnaensis
  106

  103

>0.9




'A.' capensis

1030

2080

<0.0001




'A.' globulus

      4

  158

  0.001
Armstrong 2014
'H.' knysnaensis
   395

  381

>0.8




'A.' capensis

1759

2831

  0.001




'A.' globulus

  106

    68

>0.4
Rex 2009

'H.' knysnaensis
  767

  254

<0.0001




'A.' capensis

2503

3770

  0.005




'A.' globulus

      1

    60

<0.0001
Rex 2004

'H.' knysnaensis
  516

    48

<0.0001
Legends for Figures

1.  Map of the Knysna estuarine bay showing the region dominated by truncatelloid microgastropods and the individual sites from which data and test material of 'Assiminea' capensis, 'A.' globulus and 'Hydrobia' knysnaensis were collected:  A = Rex; B = Armstrong; C = Woodbourne.
2.  Field population density (numbers 0.1 m-2) of 'Assiminea' capensis in relation to those of (A) syntopic 'Hydrobia' knysnaensis at Armstrong and (B) syntopic 'A.' globulus at the three sampling heights at Woodbourne (error bars: (1 SE).
3.  Faecal egestion of 'Assiminea' capensis in relation to that of other truncatelloids syntopic with it within the same 0.0026 m2 area: (A) 'Hydrobia' knysnaensis at Armstrong (one outlier omitted) and (B) 'A.' globulus at Woodbourne.
4.  Faecal egestion of 'Assiminea' capensis:  (i) at Armstrong (one outlier omitted) in relation to (A) its own ambient field density and (B) the density of syntopic 'Hydrobia' knysnaensis; and (ii) at Woodbourne in relation to (C) its own ambient field density and (D) the density of syntopic 'A.' globulus.  Error bars: (1 SE.
5.  Faecal egestion of (i) 'Hydrobia' knysnaensis at Armstrong in relation to (A) its own ambient field density and (B) the density of syntopic 'Assiminea' capensis; and (ii) of 'A.' globulus at Woodbourne in relation to (C) its own ambient field density and (D) the density of syntopic 'A.' capensis.  Error bars: (1 SE.
� The molecular analyses of Wilke et al. (2013) suggest that the endemic African genus Tomichia and the related Australian salt-flat Coxiella may belong to a Gondwanan subfamily or family separate from the remaining (Holarctic and Oriental) Pomatiopsidae. 





