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Evaluation of the Horseshoe Crab Fishery in the Indian River Lagoon Using Catch Data from Two Power Plants

Introduction

The widespread decline in the abundance of the American horseshoe crab, Limulus polyphemus, in the last 20 years may be particularly severe in the Indian River Lagoon (IRL) system, Florida.  Local fishermen and people that work in the lagoon have noticed a substantial decline in the number of horseshoe crabs present in the lagoon.  Anecdotal evidence of the decline of L. polyphemus in the IRL also comes from bicatch data from turtle netting studies.  During sea turtles studies in the Indian River and Mosquito Lagoon in 1978-1979, researchers noted large numbers of Limulus weighing down the nets on a regular basis (Provancha 1997).  The same study was repeated in 1994 and while Limulus were common in the northern Indian River, there were very few Limulus were recorded in Mosquito Lagoon over the entire study period (1994) (Provancha 1997).  

There is a lack of quantitative data on the L. polyphemus population in the IRL.  Applied Biology Incorporated (ABI) conducted one of the few studies that involved horseshoe crabs in the Indian River in 1979 to assess the biological and environmental impact of two power plants constructed on the Indian River.  The study was carried out at the Florida Power and Light Cape Canaveral Plant (FPL) and the Orlando Utilities Commission Indian River Plant (OUC).  This study examined several potential environment impacts including the number of horseshoe crabs that were trapped on the impingement screens of the intake canals.  

The FPL plant consists of two identical fossil-fueled electrical generating units that have a similar design and capacity.  Unit 1 was placed in operation in 1965 and Unit 2 in 1969 (Applied Biology Inc. 1980).  The FPL plant uses a once-through condenser cooling system.  Cooling water is drawn from the Indian River through an intake canal by four circulating water pumps which produces a flow rate of 2,079,510 liters/min when all pumps are in operation (Applied Biology Inc. 1980).  The OUC plant has three fossil-fueled electrical generating units that have a combined continuous net capability of 610 MW (Applied Biology Inc. 1980).  Units 1, 2 and 3 were placed in operation in 1960, 1964 and 1973, respectively.  The OUC plant also uses a once-through cooling system.  Condenser cooling water is drawn from the Indian River through an 85 m wide intake canal with jetties on each side that extends 525 m into the Indian River (Applied Biology Inc. 1980).  The OUC plant has seven circulating pumps, which produce a cooling water flow rate of 2,195,039 liters/minute when all pumps are in operation.  

At both plants the water passes through coarse screens (vertical bars separated by 66.7 mm wide openings) and mesh (9.5 mm2) vertical traveling screens at the plant intake structure.  These screens are to prevent debris from entering the circulating water system and clogging the condenser tubes thereby reducing plant operating efficiency (Applied Biology Inc. 1980).  Depending on their size, the fish, crabs, and other organisms in the intake water flow may either be impinged on the screens or pass through the screens and be entrained in the plant cooling system.  Organisms retained on the screens at the FPL plant are raked off the coarse screens and washed from the traveling screens.  With the exception of edible shellfish harvested for human consumption, the organisms are washed through a 30-38 cm diameter pipe, which is 73 to 98 m in length, and back into the Indian River near the Unit 1 discharge structure (Applied Biology Inc. 1980).  Organisms and debris impinged at the OUC plant are raked off the coarse screens and washed from the traveling screens.  With the exception of edible shellfish for consumption, this material is then washed down a sluiceway and discarded (Applied Biology Inc. 1980).  Both plants are currently using the same methods as were used when the plants began operation.

Results From Previous Study

From November 7, 1978 - October 30, 1979 an environmental impact study was conducted by ABI to determine the impact of impingement resulting from the FPL and OUC plants.  The term “impingement” is used to describe the retention of fish, shellfish and other fauna on the cooling system intake screens.  Impingement occurs when organisms too large to pass through the intake screens are retained by the mesh.  The objectives of this study were 1) to identify species of fish and commercially important shellfish retained by the screens; 2) to quantify the number, biomass, and size of impinged fish and shellfish; 3) to determine the effects of season, time of day, water temperature, dissolved oxygen, turbidity, plant flow and meteorological conditions on rates of impingement; 4) to assess the impact of impingement on commercial shrimp, crabs, and fish populations (Applied Biology Inc. 1980).

Sampling of the impingement screens was conducted weekly.  Each 24-hour sampling period was divided into two consecutive 12-hour periods (0800 to 2000 hours and 2000 to 0800 hours) to permit analysis of diel variation.  All fish and invertebrates were washed off the intake screens, collected in baskets and identified, counted, measured, and weighed (Applied Biology Inc. 1980).  

At the FPL Cape Canaveral Plant horseshoe crabs accounted for 18.8% of the total number of the impinged shellfish.  The screens retained a total of 39,097 horseshoe crabs during the 12-month study (Applied Biology Inc. 1980).  The abundance of horseshoe crabs was generally highest during the winter and spring and lowest during the summer and autumn seasons (Applied Biology Inc. 1980).  Although more horseshoe crabs were collected at night, the difference was not statistically different.  Horseshoe crab impingement was inversely related to plant flow with more horseshoe crabs retained when plant flow was reduced (Applied Biology Inc. 1980).  

At the OUC Indian River Plant, horseshoe crabs accounted for 38.1% of the total number of impinged shellfish, with 53,121 horseshoe crabs being retained (Applied Biology Inc. 1980).  The abundance of horseshoe crabs was generally higher during the winter and spring months with no significant difference between diel periods (Applied Biology Inc. 1980).

The Applied Biology Inc. report (1980) also provided results of other studies completed at the FPL and OUC plants.  In 1975, an estimated 69,662 horseshoe crabs were retained at the FPL plant and 104,000 were retained at the OUC plant (Applied Biology Inc. 1980).  When this data is compared to the 1980 report, there was nearly half the number retained in 1979 than there was in 1975 (Applied Biology Inc. 1980).  Whether this change in abundance represents natural variation in population size or a significant decline is unknown.  However, considering the number of horseshoe crabs impacted by the plant and the lack of similar data concerning the population, there may be some impact on the horseshoe crab population by the power plant intakes.  

These results are important for several reasons.  First, these reports give us historical data concerning the horseshoe crab population in the Indian River.  There is only a limited database that exists for the horseshoe crab population in the IRL and this can be used as a comparison to current data to gain a better understanding of the horseshoe crab population in this region.  Second, since thousands of horseshoe crabs have been removed from the population, the Power Plants may have a significant impact on the horseshoe crab population in the area.  Horseshoe crabs are long-lived, slow maturing invertebrates that do not reach sexual maturity until they are 9-11 years old.  Therefore, if the population is depleted, the reduction in numbers is going to have a more dramatic effect on the population size.  Third, with the rising concern about the decline of the horseshoe crab throughout its range due to over-harvesting for eel bait, the Florida Fish and Wildlife Conservation Commission has implemented a management plan for horseshoe crabs.  In order to successfully implement this plan, an evaluation of the harvest and population numbers needs to be assessed and compared to historic estimates of population densities.

The objective of this study is to compare the impingement rates of horseshoe crabs from the 1978-1979 ABI study with current rates of impingement at the same sites.  The data will be used to test the hypothesis that the Limulus polyphemus population in the Indian River Lagoon has declined.  An estimate of the population size and the decline of the population will be extrapolated from this study.

Methods

Impingement sampling will be conducted weekly at the Florida Power and Light Cape Canaveral Power Plant and the Reliant Energy Indian River Power Plant during the peak Limulus polyphemus spawning season from February – May 2001.  The data from 1978-1979 show a few peaks around December and March, so the sampling will be focused around those months (Applied Biology Inc. 1980).  Each power plant will be sampled for 24 hours once a week.  Each 24-hour sampling period will be divided into two consecutive 12-hour periods (0800 to 2000 hours and 2000 to 0800 hours) to permit analysis of diel variation.  All horseshoe crabs will be washed off the intake traveling screens into collecting baskets.  All horseshoe crabs will sexed, measured (prosomal width and compound eye width), and marked with a yellow plastic numbered flow tag that will be affixed to the right genal spine (at the rear margin of the prosoma) through a small hole drilled in the carapace (Rudloe 1980).  The horseshoe crabs will then be released at the outflow at the FPL plant and put back into the lagoon near the Reliant Energy Indian River Power Plant.  A one-way Analysis of Variance will be used to determine if there is a significant difference in horseshoe crab abundance on the impingement screens between the 1978-1979 sampling period and the 2001 sampling period.

Timeline

Suggested Sampling dates

February 23-24, 2001 (New Moon)

March 1-2, 2001 (Quarter Moon)

March 8-9, 2001 (Full Moon)

March 15-16, 2001 (Last Quarter Moon)

March 25-26, 2001 (New Moon)

April 1-2, 2001 (Quarter Moon)

April 8-9, 2001 (Full Moon)

April 16-17, 2001 (Last Quarter Moon)

April 22-23, 2001 (New Moon)

April 30- May 1, 2001 (Quarter Moon)

May 6-7, 2001 (Full Moon)

May 13-14, 2001 (Last Quarter Moon)

May 24-25, 2001 (New Moon)

May 30-31, 2001 (Quarter Moon)
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