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Abstract. In north central Texas, USA, the zoogeography of unionids in the Trinity River
is thought to consist of upland and lowland biogeographic components reflective of differences
in upstream and downstream hydraulic conditions. Historical and modern surveys from a
limited number of localities were used to delineate these zoogeographic provinces based on the
absence of several species thought to occur only in the lower Trinity River drainage. Available
zooarchaeological data indicate that at least one species considered absent from the upper
Trinity River basin was present during the late Holocene (roughly the last 2500 years),
suggesting that both biogeographical provinces shared similar mussel fauna in the recent
geological past. The discrepancy between historical and zooarchaeological data is probably
the result of inadequate sampling and of an extirpation gradient related to impoundments that
have been constructed in this drainage during the last century. The presence of lower Trinity
species during the late Holocene in the upper Trinity drainage challenges interpretations
drawn from modern biogeographic studies.
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INTRODUCTION

Freshwater mussels or unionids have experienced a

dramatic decline in both numbers and distribution

throughout the United States. In fact, it has been

estimated that of the 297 species native to North

America, 12% are thought to be extinct and 23% are

considered threatened or endangered (Galbraith et al.

2008). Unionids are long-lived, sedentary organisms that

spend a portion of their lives as ectoparasites on fish

(Vaughn and Taylor 1999, Galbraith et al. 2008).

Because of these biological characteristics, anthropo-

genic impacts such as overharvesting, urban sprawl,

stream impoundments, intensive agriculture practices,

introduction of alien species, and apathetic land

management policies have reduced or eliminated many

unionid populations (Neck 1982a, Bogan 1993, Strayer

1999, Vaughn and Taylor 1999, Watters 2000, Lydeard

et al. 2004). Unfortunately, the temporal and spatial

scales of these impacts have not been well documented

(Régnier et al. 2009). Notable exceptions include studies

of freshwater mussel faunas in areas of the Southeast

(Parmalee et al. 1980, 1982, Parmalee and Hughes 1993,

1994, Peacock and Chapman 2001, Parmalee and

Polhemus 2004, Peacock and Mistak 2008).

Historic records are often used to describe early flora

and fauna and for illustrating how modern ecosystems

differ from past ones. For freshwater mussels, historical

data are typically used to measure taxonomic turnover

at multiple ecological scales (e.g., community and

species levels) following land use changes and impound-

ments (Parmalee and Hughes 1993, Vaughn 2000,

Garner and McGregor 2001, Parmalee and Polhemus

2004, Poole and Downing 2004, Sickel et al. 2007).

However, assessment of modern environmental impacts

including those on streams can be problematic if

historical records are either short in temporal scale

and/or have poor spatial resolution (Lyman 1995,

Lyman and Wolverton 2002, Humphries and

Winemiller 2009). For example, modern unionid surveys

often focus on the same habitat type (e.g., shoals or

riffles) from a small number of sampling localities

(Sickel et al. 2007, Chapman and Smith 2008).

Moreover, discontinuities in suitable habitat, patchy

distributions of individuals relating to dispersal limita-

tion, and low levels of species abundance may also affect

historical and modern survey data (Hurlbert and White

2005). In addition, large-scale impacts such as impound-

ments, channelization, and changes in land use un-

doubtedly affect regional and local taxonomic

composition of the unionid community and therefore

influence biogeographic inferences (Rahel 2002, 2007).

As a result, it is likely that historical records are

representative of modern human impacts on streams

rather than community composition prior to these

impacts. The question thus arises as to whether or not

historical and modern records alone are adequate for

reconstructing biogeographic ranges and zoogeographic
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provinces and, more importantly, for guiding wildlife

management decisions.

In north central Texas, specifically within the upper

Trinity River drainage, little is known regarding the

biogeographic distribution of freshwater mussels (Neck

1990). The few historical records that exist for this area

are from the Elm Fork of the Trinity River near Dallas

(Singley 1893, Strecker 1931, Read and Oliver 1953,

Read 1954, Flook and Ubelaker 1972, Neck 1990) and

the Clear and the West Forks of the Trinity River near

Fort Worth (Mauldin 1972). Modern surveys within the

upper Trinity River drainage have focused on reservoirs

and nearby rivers (Howells 2006). Early accounts from

the journals kept by Athanase de Mézières during the

late 1700s describe the valley of the West Fork of the

Trinity River near Fort Worth as containing ‘‘numerous

springs and creeks’’ lined with ‘‘rock and gravel’’

substratum (Garrett 1972). For example, de Mézières

recorded that wild game such as buffalo (Bison bison),

deer (Odocoileus virginianus), pronghorn (Antilocapra

americana), turkey (Meleagris gallopavo), geese (Branta

canadensis), and cranes (Gruidae) were in such abun-

dance that hunting was not only for subsistence but also

for improving marksmanship (Garrett 1972). For the

Trinity River near Dallas, historical records indicate

that the ‘‘river was deep’’ with a substratum composed

of ‘‘solid gravel’’ rather than mud as is generally believed

today (Dallas Daily Times Herald 1891a). In contrast,

modern commentators describe streams in the upper

Trinity River basin as predominately intermittent. For

example, Strecker (1931:60) states ‘‘above Dallas the

flow is intermittent, the main stream not being formed

until the union of the headwater tributaries in the central

part of Dallas County.’’ Read (1954:35) described the

Trinity River and associated tributaries in Dallas

County as being ‘‘sluggish, with the flow of water

drastically reduced during the summer months.’’

Modern unionid studies (Neck 1982b, 1990) for the

upper Trinity River drainage report similar observa-

tions.

The biogeographic distribution of unionids in the

Trinity River has been divided into ‘‘upland’’ and

‘‘lowland’’ components based on the assumption that

modern habitat conditions for this drainage represent

those of the past (Table 1). That is, studies assume that

modern habitats are analogous to pre-modern environ-

mental conditions. Therefore, it has been argued that the

Trinity River ‘‘above Dallas’’ does not contain species

typical of east Texas streams because of low precipita-

tion and intermittent conditions as well as changes in

water chemistry associated with limestone and chalk

surface geology (Neck 1982b). Further, recent studies

have suggested that differences in mussel fauna between

the upper and lower Trinity River basins are related to

unsuitable pre-impoundment conditions in the upper

drainage (Neck 1990). These studies hypothesize that the

dearth of lowland species in the upper Trinity River

basin is predicated on the absence of suitable habitat

(e.g., perennial, sandy bottom streams) prior to modern

human impacts.

In summary, classification of the Trinity River into

two faunal areas stems from a small number of early

surveys near Dallas after the construction of impound-

ments on the Clear, West, and Elm Forks of the Trinity

River (Strecker 1931, Neck 1990). We suspect that early

attempts to characterize the unionid zoogeography in

the upper Trinity River drainage using only a few

historical surveys do not accurately reflect pre-impound-

ment mussel distributions or habitat. Because of the

limitations of early historical records we evaluate the

unionid zoogeography of the upper Trinity River basin

with zooarchaeological data that indicate one lowland

species was present in the upper Trinity River drainage

during the late Holocene. Finally, we briefly review

potential explanations for the absence of other lowland

species from the upper Trinity River today.

STUDY AREA

The upper Trinity River drainage is located in north

central Texas and is characterized by a humid subtrop-

ical climate that is continental and therefore subject to

wide fluctuations in temperature and precipitation

(Neck 1990). In 2008, the average monthly temperature

varied from 8.38C in January to 31.78C in July. Extreme

temperatures recorded for 2009 were �58C and 40.68C.

Annual precipitation in 2008 was 688.3 mm, but the

annual average is 882.1 mm (Office of the State

Climatologist for Texas 2009). The major river systems

in this drainage (Fig. 1) are the Clear Fork of the Trinity

River, which originates in Parker County; the West

Fork of the Trinity with its headwaters in Archer

County; the Elm Fork, which originates in Montague

County; the East Fork, which arises in Grayson County;

and Denton Creek, a major tributary of the Elm Fork,

with its source in Montague County (Dowell and

Breeding 1967, Mauldin 1972, Huser 2000). In general,

river discharge is low for these rivers but can rapidly

fluctuate as a consequence of surface runoff following

heavy local rainfall or impoundment release; the former

is a partial byproduct of intense urbanization that has

occurred in this basin. For example, median discharge

for the West Fork of the Trinity River near Fort Worth

(USGS gauging station 08048000) is 0.7 m3/s, whereas

for the Elm Fork of the Trinity River near Lewisville

(USGS gauging station 08053000), median discharge is

TABLE 1. List of ‘‘lowland’’ species (Neck 1990) thought to
distinguish upper from lower unionid faunas in the Trinity
River, Texas, USA.

Species Common name

Fusconaia flava Wabash pigtoe
Megalonaias nervosa washboard
Plectomerus dombeyanus bankclimber
Strophitus undulatus squawfoot
Truncilla donaciformis fawnsfoot
Truncilla macrodon Texas fawnsfoot
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5.3 m3/s (Fig. 1). Extreme discharge volumes for both

localities are 141 m3/s and 49.3 m3/s, respectively. All

watercourses for this study area are now impounded for

flood control and commercial and residential purposes

(Table 2). Because the East Fork is located east of

Dallas it is not considered part of the upper faunal

component for the Trinity River and thus is excluded

from further analysis. In general, the Trinity River

mussel fauna is typical of those from the West Gulf

Province, which includes rivers that drain south and

west of the Mississippi drainage (Neck 1982b, 1990,

Howells et al. 1996).

MATERIALS AND METHODS

To document whether lowland component species

were present in the upper Trinity River drainage during

the late Holocene, we analyzed faunal remains from

three archaeological sites dating between 2500 and 600

years before the present (Wolverton et al. 2010) (see

Plate 1). These samples were selected based on

availability and presence of unionid remains.

Archaeological sites are located near the Clear Fork

FIG. 1. Map of the Trinity River, Texas, USA. Black dots indicate locations of archaeological sites on the West Fork
(41TR114) and Clear Fork (41TR205) of the Trinity River and Denton Creek (41DL8). The orange circle indicates a modern
record for Fusconaia cf. flava and Truncilla donaciformis (C. R. Randklev and B. Lundeen, unpublished data). Red circles denote
major cities, and gray outlines denote counties. Abbreviated names correspond to reservoirs: BL, Benbrook Lake; EL, Eagle
Mountain Lake; GL, Grapevine Lake; LL, Lake Lewisville; LW, Lake Worth. Dates of impoundment are listed in Table 2.

TABLE 2. Dates of impoundment for watercourses near
archaeological sites in the upper Trinity River drainage.

River
Date of

impoundment Archaeological site

Clear Fork of the
Trinity River

1950 41TR205 and 41TR170

West Fork of the
Trinity River

1914 and 1932 41TR114

Denton Creek 1952 41DL8
Elm Fork of the

Trinity River
1928 and 1954 see Denton Creek
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(official State of Texas archaeological site number

41TR205) and West Forks (41TR114) of the Trinity

River and Denton Creek (41DL8) in north Texas (Fig.

1); all three rivers are currently impounded (Table 2).

The Elm Fork was not considered because zooarchaeo-

logical data are absent for this river. However, 41DL8 is

located upstream from the confluence of Denton Creek

with the Elm Fork and thus is used as a surrogate for

mussel communities that existed in the Elm Fork during

the late Holocene. For each sample, taxonomic identi-

fications were made using published guides (Howells et

al. 1996, Parmalee and Bogan 1998) and through

comparison to reference specimens housed at the Elm

Fork Heritage Museum at the University of North

Texas. Unionid remains were counted using two

quantitative units: number of specimens (NSP [identified

and unidentified umbos]) and non-repetitive elements

(NRE [identified umbos]) (Mason et al. 1998, Giovas

2009). A non-repetitive element is an exoskeletal part

that occurs but once per individual mollusk, such as a

left or right valve for unionids (Mason et al. 1998). We

identified only right and left valves using umbo

fragments (NRE) to the most specific taxon possible.

The population abundances of species that inhabited

the upper Trinity River drainage during the late

Holocene will never be known. Here, the relative

abundance of unionid remains from the archaeological

sites is used to interpret, at nominal and ordinal scales,

the lowland species in the upper Trinity. The absence of

zooarchaeological remains of a particular species from

this basin should not be taken as evidence that it was not

present because taphonomic (e.g., preservation) process-

es, insufficient sampling, and past human predation

behaviors may affect species representation (Peacock

2000). For example, interspecific variability in shell

properties such as shape and density influence whether

or not shell remains will preserve (Kosnik et al. 2009,

Wolverton et al. 2010). The more spherical and/or dense

the shell of a species, the more likely diagnostic features

will be preserved. Thus, abundances of remains may be

the result of preservation bias rather than representative

of unionid abundances in the late Holocene aquatic

environment. To evaluate whether this is the case for the

zooarchaeological assemblages we examine here, we

consider shell shape and density for species thought not

to have occurred in the upper Trinity River basin.

Because identifiablity of specimens is related to preser-

vation we also calculate the ratio of NRE to NSP (the

higher the value the larger the number of identifiable

umbos in a sample) to assess the degree of fragmentation

for each archaeological shell assemblage (Lyman 1994,

Wolverton 2002). Finally, it is commonly understood

that species richness increases with sample size (Grayson

1984, Lyman 2008b); therefore, small archaeological

samples may not accurately reflect prehistoric unionid

community composition and relative abundances of

PLATE 1. An example of the sub-fossil unionid remains found in the upper Trinity River drainage (Texas, USA). Photo credit:
C. R. Randklev and B. Lundeen.
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species. To assess sample size bias we compare the total

NRE per taxon (all three archaeological sites summed)

with the number of sites in which a given species occurs

(see Lyman 2008a, 2008b:114–119 for further details). If

ubiquity (number of sites in which a taxon occurs)

increases with sample size, then the latter is potentially

affecting species richness and composition.

RESULTS

Fifteen unionid species were identified from three

archaeological sites in the upper Trinity River drainage.

Plectomerus dombeyanus (Valenciennes 1827) is consid-

ered a member of the Trinity River lowland component

(Table 1). Shells of this species were recovered at

archaeological sites on the Clear and West Forks of

the Trinity River and on Denton Creek, suggesting a

ubiquitous distribution during the last 2500 years (Table

3). The absence of the remaining lowland species in these

zooarchaeological assemblages is unexpected given that

these species and P. dombeyanus are thought to be

ecologically similar (Neck 1990). However, their absence

in late Holocene assemblages is explained by two

separate factors: differential preservation and sample

size.

Taphonomic analysis of unionid remains suggests that

for certain species preservation is unlikely. This is

because shell shape and density mediate fragmentation

and therefore identifiability. The valves of those species

that are present and abundant in these assemblages are

spherical and/or dense. Amblema plicata (Say 1817), P.

dombeyanus, and Fusconaia sp. have robust shells and

are common (relative abundance per assemblage is 29–

65%) compared to species with fragile shell morphology

such as Toxolasma texasiensis (I. Lea 1857) and

Uniomerus tetralasmus (Say 1831) (relative abundance

0–6%). Species with shells that are rectangular in outline

and low density, such as the lowland species Truncilla

macrodon (I. Lea 1859) and Truncilla donaciformis (I.

Lea 1828), are less likely to preserve (Wolverton et al.

2010). Because it is doubtful that their remains would

survive, the presence of these two lowland species in the

upper Trinity River basin during the late Holocene

cannot be ruled out. Although Neck (1990) assigned one

of these species, T. macrodon, to the Trinity River

drainage, historical and modern biogeographic data

only indicate the presence of this species in the Colorado

and Brazos river drainages (Howells et al. 1996,

TABLE 3. Taxonomic list, relative abundance (RA), and NRE (number of non-repetitive elements;
the sum of the left and right umbos) recovered from archaeological sites located in the upper
Trinity River drainage.

Species

DC WF CF

NRE RA (%) NRE RA (%) NRE RA (%)

Amblema plicata 31 29.8 10 14.7 38 17.9
Fusconaia sp. 9 8.7 25 36.8 4 1.9
Lampsilis sp. 2 1.9 3 4.4 58 27.4
Lampsilis hydiana 8 7.7 1 1.5 4 1.9
Lampsilis teres ��� ��� 1 1.5 4 1.9
Ligumia sp. ��� ��� ��� ��� 31 14.6
Ligumia subrostrata 1 1.0 ��� ��� 19 9.0
Obliquaria reflexa 2 1.9 ��� ��� ��� ���
Plectomerus sp. 1 1.0 5 7.4 7 3.3
Plectomerus dombeyanus 11 10.6 9 13.2 19 9.0
Pleurobema sp. ��� ��� ��� ��� 2 0.9
Pleurobema riddellii 2 1.9 ��� ��� 1 0.5
Potamilus sp. 2 1.9 ��� ��� ��� ���
Potamilus purpuratus 2 1.9 2 2.9 1 0.5
Quadrula sp. 6 5.8 4 5.9 1 0.5
Quadrula apiculata 1 1.0 ��� ��� ��� ���
Quadrula mortoni 14 13.5 ��� ��� 2 0.9
Quadrula nobilis 1 1.0 ��� ��� ��� ���
Quadrula verrucosa ��� ��� 8 11.8 9 4.2
Toxolasma sp. ��� ��� ��� ��� 6 2.8
Toxolasma texasiensis 3 2.9 ��� ��� 1 0.5
Truncilla sp. 2 1.9 ��� ��� ��� ���
Truncilla truncata 3 2.9 ��� ��� 2 0.9
Uniomerus tetralasmus 3 2.9 ��� ��� 3 1.4

Total (NRE) 104 68 212
Unidentifiable umbos 112 209 272

Total assemblage (NSP) 216 277 484
% NRE to NSP 48.1 24.5 43.8

Notes: Ellipses denote absence of a particular species for a given archaeological site. Site
abbreviations are: DC, Denton Creek, 41DL8; WF, West Fork, 41TR114; CF, Clear Fork,
41TR205. Number of specimens (NSP) is the total number of identified and unidentified umbos per
assemblage.
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Randklev et al. 2010; cf. Strecker 1931). The late

Holocene distribution of T. macrodon is not clear.

Members of two other lowland species, Megalonaias

nervosa (Rafinesque 1820) and Strophitus undulatus (Say

1817), exhibit low-density and non-spherical shell

morphology in this region. Megalonaias nervosa, in

particular, exhibits more robust shell morphology in the

southeastern United States than in Texas, and shell

density for M. nervosa tends to increase from the Brazos

River drainage eastward (C. R. Randklev, B. J.

Lundeen, and J. H. Kennedy, unpublished data), making

its preservation unlikely in sites within the upper Trinity

drainage. The absence of M. nervosa is not surprising

given the high degree of fragmentation and small sample

size for all three zooarchaeological assemblages. In

general, that several lowland species are absent from

these zooarchaeological assemblages may reflect poor

preservation rather than their late Holocene biogeo-

graphic distributions.

In contrast, valves of Fusconaia flava (Rafinesque

1820) are both dense and spherical in shape, which

increases their likelihood of preservation. In fact,

individuals belonging to Fusconaia sp. were found at

all three archaeological sites. Unfortunately, few mod-

ern specimens of F. flava have been collected in Texas

(e.g., Singley 1893, Strecker 1931) and as a result the

taxonomic (biological) status of this species is unclear

(Howells et al. 1996; R. G. Howells, unpublished

manuscript). Nevertheless, individuals belonging to

Fusconaia sp. were present in the upper Trinity River

basin during the late Holocene, which supports our

interpretation that the upper Trinity contained lowland

species during the late Holocene.

In addition to variability in shell preservation, small

sample size may account for why lowland species are

absent from these zooarchaeological assemblages, espe-

cially if lowland species were rare in streams during the

late Holocene. The relationship between log(NRE)

(sample size) and log(ubiquity) (number of sites that

produced a species) is positive (Fig. 2), which is to be

expected because as sample size increases, the number of

sites that produced unionid remains of a particular

species should also increase (Lyman 2008b). Had sample

sizes been larger for each site, it is likely that they would

have produced not only more individuals but more

species; this is especially the case for 41TR114, which

produced only 68 NRE (Table 3).

Species richness is greatest at sites where identifiability

(ratio of NRE to NSP) is the highest (Table 3).

However, for those sites (41DL8 and 41TR205) with

high identifiability, it is likely that a number of taxa are

missing, given the small sample size. For these two sites

five taxa are present in one assemblage (41DL8) but

absent (41TR205) from the other. Although remains of

those species are present at 41DL8, they represent only

7.7% of the assemblage with none of the five species with

a relative abundance above 2%. That is, the species

absent from 41TR205 are rare at 41DL8. It is commonly

assumed that similarly aged archaeological sites located

adjacent to similar habitats should produce assemblages

comprising the same mussel species (Peacock 2000).

Aside from the five rare species that are represented at

41DL8, the two shell faunas share a similar suite of

species. It appears that sample size drives species

representation and abundance in these assemblages in

addition to differential preservation. As a consequence,

the absence of other lowland species within these

assemblages cannot be taken as evidence of their

absence in the study area during the late Holocene.

DISCUSSION

The presence of P. dombeyanus at all three archaeo-

logical sites represents an extralimital record for this

region because this species is thought never to have

inhabited the upper Trinity (Figs. 1 and 3). Habitat

requirements for this species suggest that unlike post-

impoundment observations from the early 1930s, the

upper Trinity River and associated tributaries were not

intermittent but in fact were slow-moving, sand-bot-

tomed rivers that maintained flow; other species found

at these and other archaeological sites support this

conclusion (C. R. Randklev and S. Wolverton, unpub-

lished manuscripts; S. Wolverton and C. R. Randklev,

unpublished manuscript). Habitat suitable for lowland

species was present near these archaeological sites

FIG. 2. The relationship between unionid non-repetitive
elements (NRE; sample size) and ubiquity of 15 taxa for three
archaeological sites in the upper Trinity River basin. The log of
taxonomic abundance (all three zooarchaeological assemblages
summed) or log(NRE) is graphed against log(ubiquity)
(number of sites that produced a given unionid species). The
best-fit line is shown for reference (r2¼ 0.65, P , 0.05). Initials
correspond to species: AP, Amblema plicata; FS, Fusconaia sp.;
LH, Lampsilis hydiana; LS, Ligumia subrostrata; OR,
Obliquaria reflexa; PD, Plectomerus dombeyanus; PP,
Potamilus purpuratus; PR, Pleurobema riddellii; QA, Quadrula
apiculata; QN, Quadrula nobilis; QM, Quadrula mortoni; QV,
Quadrula verrucosa; TT, Truncilla truncata; TX, Toxolasma
texasiensis; UT, Uniomerus tetralasmus.
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during the late Holocene; therefore, it is plausible that

other lowland species were also present. Whether or not
this is true is unclear given the small number of known

local paleozoological mussel assemblages. However,

during the late 1890s J. A. Singley collected

Megalonaias nervosa from the West Fork of the

Trinity River near Fort Worth, Texas (collections at

University of Texas Invertebrate Paleontological
Laboratory). Moreover, live individuals of both

Fusconaia cf. flava and Truncilla donaciformis have been

collected in the East Fork of the Trinity River (Fig. 1)

;70 km from Dallas (C. R. Randklev and B. Lundeen,

unpublished data).

Although travel of such distances by unionids seems

impossible, large river mussels such as Neck’s (1990)
lowland species are known to parasitize highly mobile

fish (see Howells et al. [1996] for host fish). For example,

A. plicata and Quadrula quadrula (Rafinesque 1820)

both use the flathead catfish, Pylodictus olivaris

(Rafinesque 1818), as a host; this fish can travel

hundreds of kilometers (Berg et al. 2007). Read (1954)

speculated that mussel communities in the Trinity near
Dallas were a product of fish dispersal originating

southeast and east of the upland component. The

presence of P. dombeyanus in the upper Trinity River

during the late Holocene implies that large river fish

were also present; known host fish for other species

documented from our archaeological sites support this
assertion. Because habitat and host fish were available

during the late Holocene, the question arises as to why

lowland species are absent from the upper Trinity today.

Zoogeography of freshwater mussels is largely depen-

dent on the distribution of their fish hosts because their

dispersal is mediated by the movement of fishes bearing

glochidia (Watters 1992). A major factor affecting the
biogeography of unionids are impoundments that

impede the longitudinal movement of host fishes,

thereby preventing, particularly, upstream dispersal of

unionids (Watters 1996). In a survey of an impounded

river in Kansas, Dean et al. (2002) found differences in

FIG. 3. Distribution of the unionid (freshwater mussel) Plectomerus dombeyanus. Gray-shaded counties indicate modern and
historical records, the pink-shaded county indicates an area containing archaeological sites with P. dombeyanus, and the green-
shaded county indicates historical records for P. dombeyanus near the upper Trinity River drainage (R. G. Howells, unpublished
data).
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mussel distribution above and below low head dams that

they attribute to restricted movement of host fishes. For

unionids above impoundments, loss of connectivity with

downstream populations and habitat changes associated

with a lentic environment are responsible for changes in

community structure (Bates 1962, Parmalee and Hughes

1993, Blalock and Sickel 1996, Watters 1996, Brainwood

et al. 2008). Impoundments also affect downstream

mussel communities by altering the seasonality of flow,

changing temperature regimes, influencing deposition

and movement of sediment and patterns of scour, and

altering the availability of organic material for mussels

(Vaughn and Taylor 1999). For our study area, the

Clear, Elm, and West Forks of the Trinity River and

Denton Creek were impounded within ;40 years

(Dowell and Breeding 1967). The short time frame

in which these rivers were impounded suggests it is

likely that unionid distribution in the upper Trinity

River drainage has been dramatically affected by

impoundments.

Adding to problems associated with impoundments

are the effects of effluent from wastewater treatment

plants and of industrial processes on mussel communi-

ties. During the early 1890s, raw sewage was emptied

directly into the Trinity such that a reporter from the

Dallas Times-Herald wrote that ‘‘for ten miles down

from Dallas, the river is in horrible condition. Its banks

are strewn with filth, the surface of the water is covered

with filth, the river is full of filth for miles, it is nothing

less than a contaminating slough of filth’’ (Dallas Daily

Times Herald 1891b). Strecker (1931), surveying the

Trinity River near Dallas, observed the deleterious effect

of industrial effluent on mussel populations; at least one

species was thought to have been locally extirpated as a

result of these impacts. Read and Oliver (1953) revisited

the Trinity near Dallas and reported that pollution had

greatly increased and that no live mussels were found.

The modern mussel community composition in the

upper Trinity River drainage likely represents an

extirpation gradient along which changes in flow and

physiochemical parameters associated with impound-

ments have eliminated intolerant unionid species.

Because streams are linear systems, the effects of these

physiochemical parameters should be less pronounced

with increased distance downstream from the impound-

ment. Vaughn and Taylor (1999) found that both

unionid species richness and abundance increased with

linear distance from an impoundment, which they

attribute to increases in the least abundant and/or most

sensitive species progressively downstream. All species

are impacted by impoundments but those that are rare

have a higher propensity for local extirpation

(Kinsolving and Bain 1993, Vaughn and Taylor 1999).

In the upper Trinity River drainage, the close proximity

of impoundments to one another coupled with the short

period of time over which they were constructed has

dramatically influenced the distribution of unioinds. The

mussel fauna for this basin have undoubtedly been

influenced by other impacts, such as environmental

contamination, but such effects tend to be local in scale

whereas as the effects of impoundments are much more

geographically extensive (Vaughn and Taylor 1999). We

contend that general distribution patterns observed by

Neck (1990) reflect a continuum of species-specific

responses to impacts associated with impoundments

instead of distinct zoogeographic components.

There is another factor that must be considered in

efforts to explain the disparity between late Holocene

and modern unionid zoogeography of the Trinity

River. Prior to 1931, little was known about the

distribution of unionids in the upper Trinity River

drainage. Since then surveys have focused on reservoirs

and nearby streams. These surveys provide useful

information but there are still many portions of the

upper Trinity and its associated tributaries that have

not been studied, especially remote areas that are not

easily accessed (e.g., Randklev et al. 2010). Thus, the

absence of lowland species described by Neck (1990) is

potentially an artifact of insufficient sampling of rare

species that are likely intolerant to acute changes that

have occurred in this region. This underscores the

challenge of choosing appropriate temporal and spatial

benchmarks for ecological restoration, biological con-

servation, and biogeographical inference (Hunter 1996,

Callicott 2002, Lyman 2006, Humphries and

Winemiller 2009).

CONCLUSION

Upper Trinity River faunal components were predi-

cated on surveys following wide-scale impoundment. As

a result, historical biogeography for this area is

confounded by modern human impacts on streams and

does not reflect unionid diversity as it existed prior to

these impacts. Moreover, these faunal components lack

both spatial and temporal coverage needed to accurately

account for mechanisms responsible for unionid distri-

butions in this drainage. Neck’s (1990) faunal zones lack

the needed time depth to offer a meaningful regional

benchmark for the freshwater bivalve community.

Zooarchaeological data sets add a much broader spatial

and temporal perspective on the presence of individual

species as well as a means to test modern biogeographic

paradigms. Moreover, because unionids are imperiled,

the lack of knowledge regarding distributions for

modern unionid populations is considered a major

impediment to mussel conservation (National Native

Mussel Conservation Committee 1998, Régnier et al.

2009). We agree but argue that, without knowledge of

prehistoric distributions, it is difficult to evaluate

modern species declines (Humphries and Winemiller

2009, Frazier 2010). Our study demonstrates this point.

Zooarchaeological data are not without constraints, but

when evaluated critically they can offer much-needed

information with respect to ecosystems and how they

change over time either through nonhuman catalysts or

anthropogenic impacts.
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