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Texas Wild-Rice
Texas wild-rice, also known as Zizania texana, is an aquatic perennial grass species that grows underwater along riverbeds. Texas wild-rice is found in San Marcos River in Texas, Hays County. Texas wild-rice is an endangered macrophyte characterized by emergent reproductive culms and ribbon-like leaves from the family Poaceae. The plant forms dense stands in the upper areas of the river that are characterized by large pools and riffles. The species has limited distribution due to the population decline witnessed during the early 1960s (Poole & Bowles, 1999). As a result, researchers have come up with different ecological studies to provide a descriptive overview of the reasons behind the decline and measures to re-establish the existence of the species.  
The species is mostly observed in a submerged condition and produces an emergent flower head with ribbon-like leaves. Texas wild-rice is classified as an endangered species due to substantial threats to the termination of spring-flow, urbanization, and establishment of non-native species. However, the distribution of Texas wild-rice in the San Marcos River decreased due to the removal of aquatic vegetation, erosion, construction of dams, and introduction of non-native species. Therefore, efforts to recover the species were required even though the recovery options were limited. 
[bookmark: _GoBack]Researchers have described the Texas wild-rice distribution as bountiful in the upper sides of the main river and the adjacent spring lake and irrigation ditches (Richards et al., 2007). The decline in the species was noted, with only one species left along the irrigation channels and the spring lake. Studies suggest that activities such as raw sewage released into the river, channel dredging, plant harvesting, and other anthropogenic activities contributed to the decline of Zizania texana (Poole & Bowles, 1999). Nevertheless, the distribution and abundance of Texas wild-rice did not increase despite eliminating sewage outflow and plant harvesting practices. As a result, researchers decided to examine the factors influencing the plant’s reproductive activity, growth, and habitat requirements. 
Genebanks supplement conservation measures by conserving the genetic variation needed for future restoration and reproduction activity. The utility of gene variation in aquatic plants is determined by using Zizania Texana as an endangered species due to its particular genotypic structure. The genotypic composition and strong heterozygosity in Texas wild-rice suggest that sexual reproduction occurs more often than previously assumed in other studies (Richards et al., 2007). Furthermore, the reproductive culms and number of leaves in Zizania Texana varies from one plant to another due to the temperature changes. Plants in high temperature above 28 degrees are likely to have more reproductive activity and more leaf biomass than plants in cool water. However, the genetic variation of the species population is complex, implying that the reproductive mechanisms of Zizania texana utilize both sexual reproduction and asexual reproduction. 
Zizania texana mainly grows in high to moderate velocity areas with shallow waters of less than two metres deep. The plant is also associated with coarse and sandy substrate areas with presumably low organic matter. Similar aquatic macrophytes that grow in such regions are mainly native species. Therefore, Texas wild-rice growth requires minimal conditions in relation to substrates, velocities, and type of soil. Additionally, the San Marcos River was mainly dominated by exotic species, which endanger the growth of Zizania texana in the water. The conditions in the water are key factors that impede the growth of the Texas wild-rice.
The approximation of genetic variation between Texas wild-rice and similar aquatic macrophytes is essential in determining the reason behind its decline. Researchers suggest that genetic and demographic information is critical in capturing the genetic diversity of aquatic populations such as Texas wild-rice. Conservation collections in genebanks and botanical gardens are important in enhancing population size, safeguarding the plants’ genetic diversity, and re-establishing the population (Wilson et al., 2007). Efficiency in collecting the species is essential to minimize extinction risk and maintain extensive collections from habitat protection priorities. Researchers found that the genetic diversity in Texas wild-rice is more significant than in similar asexual species in the native habitat. The population indicates high allelic richness and heterozygosity for the sexual and asexual reproduction found in the Zizania texana. Therefore, a combination of demographic, genetic, and reproductive information contributes to diversity maximization within the Texas wild-rice conservation collections.
Research suggests that plants grown in cool ecosystems have limited chances of producing reproductive culms. Texas wild-rice reproduces asexually or sexually through its seeds. According to research, plants are likely to lose their reproductive ability when exposed to cool water temperatures approximately below 15 degrees.  Additionally, plants in cool water produce short and few leaves and accumulate less biomass than those in the warm water environment. Plants in warmer environments also have a compressed growth cycle and develop more rapidly than those in a cold environment. The metabolic activities in a plant are also negatively affected by the change in temperature. Therefore, the decline in Texas wild-rice is closely linked to the low temperatures in the San Marcos River.
The existence of Texas wild-rice is also threatened by the interruption of the life cycle of the plants’ reproductive activity and vegetative growth in the winter and spring. The rate of reproduction is significantly low when water is cooler than average for longer periods. On the contrary, increased reproductive activity may occur at the cost of vegetative structures in areas with warmer water for longer periods. This variation in temperature results in limited reproductive ability, which may impede the growth of Zizania texana in the San Marcos River. In order to maintain a captive population of Texas wild-rice, a temperature of 22 degrees is essential to ensure a balance between the reproductive and vegetative activity of the species. 
Considering the historical abundance of Zizania texana in the San Marcos River, the extant distribution of the species and the historical conditions of the river indicate that the growth of the species requires moderately coarse substrates and shallow water. Furthermore, the nature of sexual reproduction of the Texas wild-rice supports the idea moderate of fast velocities as the suitable habitat for the species. However, these ideal conditions for the growth of Zizania texana are rarely available natural and human activities that have occurred in the San Marcos River over the years. Increased sedimentation, low current velocities, and increased water depth have created an unsuitable environment for the growth of Zizania texana over its historic range (Poole & Bowles, 1999). 
Research on the ex-situ population seeks to explore the changes in population diversity and structure to determine the representation of Texas wild-rice in the San Marcos River. The study results suggest that the ex situ population has low genetic diversity, indicating that the population should be augmented (Wilson et al., 2017). In addition, recreational activities, flooding, and drought can also lead to the decline of Zizania texana. Research by Richards et al. (2007) suggests that reproductive strategies of the Texas wild-rice vary from one plan to another depending on the habitat, which prevents pollination and flowering in ex-situ and in situ species. Thus, the reintroduction of the Texas wild-rice species must be based on the habitat conditions and elimination of external factors such as waste disposal and plant harvesting. 
Studies indicate that Texas wild-rice grows predominantly at depths below one metre in a mixture of silt and clay soil. However, there is no enough evidence to link the decline of Zizania texana with temperature changes. Tolley-Jordan & Power (2007) suggest that low temperatures inhibit the growth of other aquatic plants, such as Potamogeton pectinatus. Temperature also affects the leaf biomass and morphology in aquatic plants, leading to a low rate of growth and even decline (Tolley-Jordan & Power, 2007). The pumping of groundwater and drought has contributed to diminishing the spring flows along the San Marcos River. Therefore, reduced spring flow may lead to fluctuations in temperature, which is essential in plants for respiration and photosynthesis processes. Understanding the effects of temperature on the growth of Texas wild-rice is essential in determining the cause of its decline. 
The present-day scientists lack a clear definition of the natural appearance of the San Marcos Channel before it was impounded to cause the decline in Texas wild rice. However, the current velocity and volume of water flow were relatively high in the river before impoundment, preventing the growth of Texas wild-rice (Poole & Bowles, 1999). Flash floods and periodic spates can remove the clay and silt deposits that are essential for the survival of Texas wild-rice. The small dams built in the San Marcos River to control small floods have altered the magnitude and frequency of floods, resulting in high sedimentation in the river. As a result, the distribution of the Zizania texana species has been uneven in the river leading to the risk of imminent extinction. 
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