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Abstract. Freshwater invertebrates have had four historic communities paralleling the fossil marine fauna that demarcate the geological time series.  This stochastic treatment established a probabilistic platform that appraised the freshwater invertebrate communities of the Precambrian, Paleozoic, Mesozoic, and Cenozoic eras.  During this time series, the Gastropoda and Crustacea increased their community dominance. The freshwater fauna probabilistic signatures suggested a shift along the time series characterized by an overall rise in dominance by fewer taxa. The result was a modern freshwater fauna clustered narrowly around a few dominant taxa with high probable occurrence. The inference was that along a geological time scale, energy-material exchange within the freshwater invertebrate community shifted from a historic broad based horizontal flow to a modern community with narrow vertical flow primarily within the dominant taxa. Communities of greater horizontal energy-material exchange should be distinguished by greater evolutionary innovation. In this scenario, punctuated advancement in taxa richness initiates and rapidly expands during periods of high horizontal energy-material exchange, followed by periods of greater equilibrium as the probability signature narrows and energy-material exchanges assume a more vertical profile. 

Freshwaters have existed on earth for as long as life itself and their invertebrates should have a geological history dating to the archaic de novo metazoan  emergence 850 Mybp. However, freshwater invertebrates have a lackluster paleobiology record. The ephemeral existence of freshwaters and their communities have severely limited a successful description of  their geological time scale history. Since the evolutionary history of marine and freshwater invertebrates is coupled, major shifts of marine fauna communities demarcating the geological time series should have a parallel historic freshwater fauna. We attempt to amalgamate the extant and extinct marine invertebrate communities, their broad survival rate, and extant freshwater invertebrate communities to provide a stochastic view of the historic freshwater fauna. This probabilistic analysis is incomplete but proposes a platform adaptable by further refinement as our knowledge of marine and freshwater invertebrate linkages grows.

The freshwater metazoan invertebrate fauna should have four community occurrences that correspond to their marine counterparts during the Precambrian, Paleozoic, Mesozoic, and Cenozoic eras. During these primal origins, sequential global extinction events responsible for remarkable changes in the marine fauna must have also led to subsequent freshwater colonization that reshaped the freshwater invertebrate community. Three broad suppositions support the relation of marine fauna to freshwater fauna. First, the contemporary marine and freshwater faunas are more ecesis compatible than are faunas not contemporary. That is, a successfully colonized freshwater fauna is likely to have a contemporary marine counterpart. Only a handful of rare or narrowly distributed freshwater invertebrates are found exclusively in freshwater, with no close marine relatives (Pennak 1978). Second, marine taxa with a high survival rate (implying gene pool breadth) on a geological time scale are likely to colonize new habitats, both marine and freshwater. By example, the extinct trilobites would have a zero probability for a modern colonization of freshwaters; whereas extant marine forms without a contemporary freshwater counterpart, such as branchiopods or echinoderms would score a probability for a modern occurrence in freshwaters. The fact that the latter two forms do not now exist in freshwater does not rule out the possibility that they may colonize in the future. By analogy, zebra mussels were absent from freshwater during the early 1700s but colonized freshwater in the late 1700s, thus exercising their probabilistic chance for colonization. Third, the predicted probability of occurrence for a ancestral freshwater fauna is indicative of its descendant freshwater fauna. And vice versa, a descendant fauna’s predicted probability for occurrence must be indicative of its ancestral freshwater faunas probability for occurrence. Thus, a descendant freshwater fauna is implicitly related to its ancestral freshwater fauna. 

Methods

These suppositions underlie the calculated predicted freshwater probability (PFPt). It is noted that the PFP cannot be interpreted as absolute abundance, but rather is a relative occurrence of each taxon. 

The calculation method follows:
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Where: 

PFPt   = Predicted freshwater probability


MPt    = Extant marine taxon probability (numerous sources)



FPt     = Extant freshwater taxon probability (numerous sources)


MPt-n = Fossil marine taxon probability (mainly Raup 1976)


t         = Faunal geological period, where 1 = Cenozoic; 2 = Mesozoic; 3 =

  Palaeozoic; 4 = Precambrian

MSP  = Marine taxon survival probability (Easton 1960): Crustacea (0.930), 

Gastropoda (0.821), Annelida (0.973), Pelecypoda (0.423), Cnidaria (0.679), Porifera (0.560), Ectoprocta (0.504), Echindermata (0.270), and Brachiopoda (0.015).

Taxa were ranked with the greatest probability of occurrence in freshwater to least probability of occurrence and held in that ranking throughout the analysis and graphical presentation. The taxa chosen for analysis from highest to lowest rank were the Crustacea (0.3917), Gastropoda (0.1980), Annelida (0.1085), Pelecypoda (0.0475), Cnidaria (0.0243), Porifera (0.0212), Ectoprocta (0.0093), Echindermata (0.0058), and Brachiopoda (0.000013).   

Results and Discussion

If the proposed stochastic relation is robust, the predicted (calculated) freshwater probability of the extant freshwater taxa (PFPt) must follow the known probability of the extant freshwater taxa (FPt).  This requirement was met since the best fit curve of the known extant freshwater fauna (Fig. 1) closely followed the curve for the predicted extant freshwater fauna (Fig. 2). Thus, the model’s components  (the extant marine fauna, its survival probability, combined with the extant freshwater fauna)  appeared to reasonably predict (r2=0.78) the extant fauna. 

An independent data set (Raup 1976) of the Precambrian, Paleozoic, Mesozoic, and Cenozoic marine fossil faunas  was used in the analysis to predict the parallel freshwater fauna of the corresponding era (Fig. 2). In freshwater, the most striking change was a shift from Crustacea dominance to Gastropoda dominance over the geological time series. The Precambrian predicted freshwater probability was dominated by Crustacea, followed by Gastropoda; however in the Mesozoic the Gastropoda became dominant and remained so through the Cenozoic. Aside from changes in relative occurrences of taxa during these eras, the analysis raises several related issues. 

It is characteristic for many extant aquatic and terrestrial communities to be dominated by a few common taxa with rare taxa having smaller populations and being more vulnerable to extinction. Our analysis portrayed a similar feature, but across the geological time series. Specifically, the overall rise in dominance by fewer taxa was associated with a increase in relative probability (Fig. 3). This relation indicates a perched community composed of a modern freshwater fauna clustered narrowly around a few dominant forms when interpreted with a full gaussian view (Fig. 5). This conclusion is similar to the familiar high Family-Genus-Species level richness (4,5) of the modern marine fauna that is not evident at upper taxonomic levels of Phylum-Class-Order for absolute numbers(4). In these curves, the narrower and higher curves indicate greater dominance by fewer taxa. There are relatively more rare taxa with fewer species and fewer common taxa with more species. This suggests aquatic communities have become species heavy within a few phyla at the possible expense of broader evolutionary innovation seeded by rare taxa. 

The narrowing of the probability signature as evident in the extant fauna curve as compared to the historic fauna curves (Fig. 5), is accompanied with a shift of energy-material exchange complexity from broad based horizontal flow to a more narrow vertical flow primarily within the dominant taxa. A balanced distribution of energy-material exchange among taxa (a balance of horizontal and vertical flow) would support a more sustainable level of stability (here, used as energy-material exchange complexity). That is, energy-material utilization would be partitioned among taxa more equitably (Fig 4). 

The theoretical upper limit to narrowing of the probability signature is a community limited to only one dominant taxon. While this theoretical upper limit is not obtainable, the trend in probability signatures definitely points to a future fauna with greater centralized dominance. This trend can only practicably be sustained until the fauna becomes so narrow with extreme vertical energy-material exchanges that it collapses. In this sense, catastrophic disruption of communities re-sets community structure and energy-material exchanges to a more sustainable level. 

This analysis suggests a modern freshwater fauna highly susceptible to a major cataclysmic event. It is hypothesized that mass extinction leads to faunal communities of greater horizontal energy-material exchange with greater stability and characterized by a greater opportunity for evolutionary innovation. The periods of equitable energy-material partitioning with greater horizontal flow and high exchange complexity represent conditions that preface punctuated advancement in taxa richness, followed by periods of greater equilibrium as the probability signature narrows and energy-material exchange assumes a more vertical profile.

Recurrent shifting between horizontal and vertical energy-material exchange over a smaller time scale may provide some insight to endemism.  Freshwater endemism is generally low with some notable exceptions. High endemism in freshwater lakes, such as Lake Baikal and the African Rift Lakes, could arise from recurrent habitat disruption over extended time periods, but lacking critical habitat disruption that would severely reduce or perhaps totally eradicate the freshwater invertebrate community. The majority of freshwaters lacking high rates of endemism are suggested to be too frequently impacted by critical habitat disruption thereby reducing taxa divergence. The existence of refugia (e.g., deep water) during critical habitat disruption would be beneficial to populations capable of temporary emigration. In localized habitats, endemism could be driven by repetitive cycling between horizontal and vertical energy-material exchanges indicative of broad and narrow probability signatures, respectively.
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Figure 5. Idealized Probabilistic Signature of the Freshwater Invertebrate Fauna
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