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ABSTRACT 

Sediments and benthic macroinvertebrates (BMIs) were used to investigate the 

distribution of heavy metals and their impact on the aquatic biota in the Gallinas River 

basin, an 84 square mile watershed in San Miguel County, North Central New Mexico. 

Sampling was carried out during Spring and Fall 2006 at two locations upstream of the 

City of Las Vegas, and two downstream. Chemical analysis of the BMIs and streambed 

sediments reveal that in the Spring, the Shredders had higher concentrations of metals 

than any other feeding guild at the two upstream sites while the Collectors and Predators 

bioaccumulated higher concentrations at the two downstream sites. In the Fall, the 

bioaccumulation trend shifted toward the Collectors and Grazers. Of the eight metals 

investigated, Ni is the only metal whose levels in sediments correlated strongly (p < 0.05) 

with those in all four BMI feeding guilds. Cd levels in sediments correlated strongly with 

those in the Collectors (p = 0.01). Cr in sediments correlated strongly with those in 

Shredders (p = 0.04) and Predators (p = 0.01), while sediment Zn levels correlated 

strongly with concentrations in Collectors (p = 0.04) and Predators (p = 0.01). 

Correlation between these metals and biotic metrics revealed that As, Cd, Ni, and Zn 

have the highest negative effect on the biological community in the River. The metals 

index had strong correlations (p < 0.05) with four of the five biotic metrics used. 

Although other physical parameters assessed during the sampling periods reveal that 

organic pollution is important at the downstream sites, the strong relationship between 

the biotic condition of the River and the heavy metal contamination of the sediments gave 

enough reason to conclude that the heavy metals are influencing water quality adversely 

and impeding BMI communities in the Gallinas River, especially downstream. 
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MATERIALS AND METHOD 

Benthic macroinvertebrates (BMIs) and stream bed sediments were collected 

from four different locations in the Gallinas River, Northern New Mexico. Sampling took 

place on two days during low flow seasons on April 14 and October 10, 2006, in order to 

minimize the influence of high runoff pulses of heavy metals (Figure 2). Periods of high 

flow alter stream habitat characteristics, wash organisms downstream and may influence 

temporary hikes in metal body burdens. Consequently, BMIs collected during high flow 

episodes may not be representative of the community that normally inhabits an area. At 

each location, sediments were collected at random while BMIs were collected in riffle 

sections within an approximately 100m long reach. Samples collected during April 2006 

were intended to represent spatial variability with respect to snow runoff that occurred 

during spring snowmelt. October 2006 samples were intended to represent the effects of 

runoff and erosion from summer 2006 rainfalls.  The two sampling periods were intended 

to detect seasonal changes in metal concentrations. Physical conditions of the sampling 

location were collected during each sampling period to determine how these parameters 

influence the distribution of BMIs or metal bioavailability. 
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Figure 2. Daily mean discharge in the Gallinas River near Montezuma for the Year 2006 

(USGS, 2007) 

 

Site Selection 

Samples for the present study were collected at four locations in the Gallinas 

River. These sampling sites are the same ones that previous researchers in the Gallinas 

River studied. They represent different stream orders and reflect the influence of the 

geology and the different land uses along the Gallinas River on the concentrations of 

heavy metals in the sediments and in the BMIs. Stream order was determined by the 

physiographic configuration of tributary creeks above a sampling site and by using a 

USGS 7.5-minute map. Table 1 provides geographical coordinates of sampling locations. 
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Table 1. Geographical coordinates of sampling locations 

Study site Longitude Latitude Elevation (m) 

UO1 N 35o 43.427’ W 105o 30.606’ 2628 

UO2 N 35o 39.119’ W 105o 19.133’ 2110 

UO3 N 35o 34.133’ W 105o 12.550’ 1939 

UO4 N 35o 33.871’ W 105o 12.753’ 1929 

  

The first selected sampling site, UO1, is northwest of Las Vegas, NM, on the 

eastern flank of the Sangre de Cristo Mountains, at the end of Highway 65 (FR 263), and 

it is designated as first order. UO1 is located at an elevation of 2628 m in the heavily 

forested area of the Elk Mountain (Figure 1). Here, there is little or no anthropogenic 

activity as it is reserved for hiking, sightseeing, and fishing; activities that, of course, 

depend on weather conditions and permission from the US Forest Service. This site was 

expected to represent background concentrations of metals and was therefore designated 

the reference site for this study. Its waters derive mainly from runoff. It is dominated by 

spruce-fir, ponderosa pine, and aspen trees. The soil is covered by litter and could be 

described texturally as silty-clay.  

The second site, UO2, located northwest of Las Vegas, at the site of the USGS 

gauging station (No. 08380500) is some thirty kilometers downstream from UO1 and 

roughly one kilometer above the diversion to the City’s Drinking Water Treatment Plant 

(DWTP). This site is situated at an elevation of 2110m. The surrounding vegetation 

consists of ponderosa pine and juniper. The riparian area, which is mostly rocky, has 

some scanty hedges of grass and willows. This site has limited human activities, except 
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prescribed thinning by the US Forest Service. Based on the number of tributaries 

(Porvenir Creek is the only perennial tributary) and the limited extent of anthropogenic 

activities in the watershed of this location, UO2 was designated as second order and was 

selected to distinguish background metal concentrations associated with the heavily 

erodible canyon above UO2.  

The third sampling site, UO3, is located approximately two kilometers southeast 

of Las Vegas, and about 100 m above the Wastewater Treatment Plant (WWTP). At an 

elevation of 1939 m, this site has unstable banks. The streambed is made up of about 90% 

compact bedrock with silt, sand, and gravel comprising the remaining 10%. Thick grass, 

about 0.1m high, and willows dominate the riparian area. Cattle grazing is the main 

activity in the area, causing the stream bed to be covered by algae. Site UO3 was selected 

to detect metal inputs from erosion and the extensive anthropogenic activities of the City, 

as well as a number of tributaries that flow into the Gallinas River before reaching this 

site.  

UO4 is the last sampling reach and is located downstream and southeast of UO3, 

some 100m below the WWTP at an elevation of 1929 m. UO4 was selected to represent 

the influence of inputs from the WWTP. Water quality at this site is affected by the 

integrated impairments deposited at different levels along the course of the River and 

discharges from the WWTP. The stream bed is composed of 20% embedded rocks, 30% 

cobble, about 20% gravel, and 30% silt and sand. The right bank is unstable while the left 

bank is made up of compact steep rock limiting the floodplain. The riparian area is 

covered by grass and a few juniper trees. UO3 and UO4 were designated as second order 
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because all the tributaries entering the River downstream of site UO2 are seasonal 

streams (Figure 1).  

 

Sample Collection, Preparation, and Analysis 

During sampling, a number of environmental parameters were collected. 

Environmental parameters are important in determining metal toxicity because they affect 

the bioavailability of toxicants and more often than not, they play an important role in 

determining the availability of the BMIs in general. The parameters measured during 

sampling were water temperature, specific conductance, dissolved oxygen (DO), pH, 

hardness, oxygen saturation, and alkalinity. Dissolved oxygen, oxygen saturation, and 

water temperature were measured using the YSI portable DO meter model EcoSense 

DO200. pH was measured using the YSI handheld pH and Temperature System model 

60. Specific conductance was measured with a YSI handheld model 30 conductivity 

instrument. Alkalinity and hardness were analyzed in the laboratory following the Hach 

buret titration method 8221 and 8222 respectively (Hach Company, 2003).    

Benthic macroinvertebrates (BMIs) were collected using a modified hand-held 

circular Hess sampler with a 1.0mm diameter mesh (Jacobi, 1978). The samples were 

collected with the minimum amount of water possible and put in sterilized polyethylene 

bags. A sufficient amount of 95% Ethanol was added before each sample was put in a 

cooler containing ice blocks to maintain the samples at 0oC. The samples were then taken 

to the laboratory at New Mexico Highlands University where the BMIs were sorted, 

separated according to taxonomic groups, counted, and stored in 5ml glass sample vials 

filled with 95% ethanol. Visual identifications were verified by microscopic examination 
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concentrations, and more than the other groups. The Shredders bioaccumulated Pb (BAF 

= 0.63) at higher levels compared to the other groups. The Grazers bioaccumulated Cr 

(BAF = 0.29), while the Predators bioaccumulated Ni (BAF = 1.14) more than the other 

groups.  

Fall Sampling 

The first thing to notice here is that although concentration of all metals increased 

in the Grazers at site UO1 and site UO3, compared to the Spring, most groups showed a 

rather inconsistent pattern between the two sampling dates; some metals increased at 

some sites and for some feeding guilds and decreased at others. Instrument manipulation 

error was likely responsible for the unusually high BAFs observed for Cd in the 

collectors at site UO3 (BAF=140.52) (Appendix J). 

The Grazers bioaccumulated Cd (BAF = 8.16), Cr (BAF = 1.93), Cu (BAF = 

2.91), Ni (BAF = 1), and Zn (BAF = 5.28), more than the other guilds at site UO1. They 

were also the highest bioaccumualtors of As (BAF = 1.21), Cr (BAF = 0.44), Cu (BAF = 

5.89), and Pb (BAF = 1) at site UO3. The Collectors were the highest bioaccumulators of 

As (BAF = 6.16) and Pb (BAF = 1.02) at site UO1, as well as of Cr (BAF= 0.26), Pb 

(BAF= 1.19), and Zn (BAF = 3.24) at site UO2. They also bioaccumulated Cd (BAF = 

140.52), Ni (BAF = 10.25), and Zn (BAF = 23.37) at site UO3, and Cd ((BAF = 2.8), Cu 

(BAF = 1.87), and Pb (BAF = 0.33) at site UO4, at higher levels compared to the other 

groups. The Shredders were completely absent at sites UO3 and UO4. Their levels of Cu 

(BAF = 5.25) and Ni (BAF = 0.54) at site UO2 were higher than those of the other guilds. 

The Predators had the highest BAFs for As (BAF = 17.11) and Cd (BAF = 7.27) at site 

UO2 and for As (BAF = 0.44), Ni (BAF = 1.11), and Zn (BAF = 9.96) at site UO4. 
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Relationships between Metal Contamination in Streambed  

Sediments and Concentrations in BMIs 

The relationship of metal concentrations in streambed sediments and BMIs from 

the four sampling sites was examined. All seven metals were detected in almost all BMI 

functional feeding groups, except for a few cases.  

Nonparametric Spearman’s correlations were used to determine the relationships 

between metals in BMIs and streambed sediments. Individual functional feeding group’s 

metal accumulations were assessed using specific relationships between metals in 

Collectors, Grazers, Shredders, and Predators and corresponding sediment samples.  Only 

correlation factors greater than 0.5 with a p-value less than 0.05 were considered 

significant.  

Although most sediment metal concentrations increased at the downstream sites 

compared to upstream from the City, concentrations in BMIs did not follow this pattern 

for all feeding guilds. There was a limited number of cases where metal concentrations in 

Grazers and Shredders significantly related to corresponding sediment metal 

concentrations (Appendix J). Apparently As concentrations in sediment did not affect 

levels in corresponding BMIs in a positive way (rs ranging from -0.52 to 0, p > 0.05). 

Concentrations of Cu in BMIs were only marginally to moderately related to those in 

corresponding sediments (rs ranging from 0.18 to 0.6, p > 0.05). Pb concentrations in 

Collectors and Grazers were marginally related with those in corresponding sediments (rs 

= - 0.07 and 0.17 respectively, p > 0.05) whereas those in Shredders and Predators were 

moderately related to sediment levels (rs = 0.6 and 0.52 respectively, p > 0.05). 

Concentrations of Cd in Collectors increased (rs = 0.85) with increases in sediment Cd 
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concentrations (Table 10). Cd concentrations in the other three BMI feeding guilds seems 

to have only marginal to moderate relationships (rs ranging from 0.14 to 0.56, p > 0.05) 

with corresponding sediment Cd concentrations. A significant correlation for Shredders 

and Predators (rs = 0.82, and 0.77, respectively) exists with respect to Cr, whereas Cr 

concentrations in Collectors and Grazers were only moderately related to corresponding 

sediment concentrations (rs = 0.54 and 0.36 respectively, p > 0.05).  Zn concentrations in 

Grazers were not affected by those in sediments (rs = -0.12, p > 0.05). Zn accumulation 

by Shredders only moderately correlated to levels in streambed sediments. Ni was the 

only metal whose concentrations in all four feeding guilds (rs = 0.86, 0.71, 0.89, and 1 for 

Collectors, Grazers, Shredders and Predators respectively, p < 0.05) were strongly related 

to those in streambed sediments. 

 

Table 10. Correlation between sediment contamination and BMI concentration of metals 

(p-values in bracket, significance level at p = 0.05)  

Note. Bold – significant correlation between sediment and BMI samples metals concentrations 
 
 

Relationship between Metal Contamination and Biotic Metrics  

 

The relationships between metal contamination in streambed sediments and 

selected biotic metrics from respective study locations in the Gallinas River were 

 Metal 
Feeding Guild As Cd Cr Cu Pb Ni Zn 
Collectors -0.31 

(0.27) 
0.85  

(0.01) 
0.54  

(0.11) 
0.18 

(0.35) 
-0.07 
(0.44) 

0.86 
(0.01) 

0.71 
(0.04) 

Grazers 0      
(0.51) 

0.56  
(0.07) 

0.36  
(0.19) 

0.6  
(0.06) 

0.17 
(0.35) 

0.71 
(0.02) 

-0.12 
(0.39) 

Shredders -0.429 
(0.2) 

0.14  
(0.39) 

0.82  
(0.04) 

0.37 
(0.23) 

0.6 
(0.1) 

0.89   
(0.01) 

0.37 
(0.23) 

Predators -0.52  
(0.1) 

0.3 
(0.24) 

0.77  
(0.01) 

0.38 
(0.18) 

0.52 
(0.09) 

1 
(< 0.001) 

0.76 
(0.01) 
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examined. Relationships between Diversity Index, ratio of EPT/EPT+Chironomidae, 

CTQd, Standing Crop, and Percentage of Dominant taxon were correlated using 

Spearman’s Rho factor against the Metals Index (Figure 5). Results reveal that the Metals 

Index was moderately negatively correlated with the Diversity Index (rs = -0.50, p > 0.05) 

and EPT/EPT+ Chironomidae (rs = -0.48, p > 0.05), and moderately positively correlated 

with CTQd (rs = 0.57, p > 0.05) and Standing Crop (rs = 0.36, p > 0.05). Percent 

dominant taxon on the other hand had a small negative correlation with the metals (rs = -

0.14). This indicates that, although moderately, diversity decreased as metal 

concentrations increased and the number of Chironomidae also increased as metal 

concentration increased. CTQd increased moderately with increase in sediment metal 

concentration. Standing crop also did increase as sediment metal concentrations 

increased, although very moderately. Percent dominant taxon on the other hand did not 

increase proportionately with an increase in streambed metals concentration. Site UO3 

had the highest Metals Index during both sampling dates but the greatest standing crop 

was at site UO4 during the Spring and at site UO2 during the Fall (Appendices G and H). 
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Figure 5. Correlation between metals index and selected biotic metrics (significance level 

at p = 0.05) 
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Results of relationships between individual metals and biotic metrics indicate that 

significant relationships existed between metals and biotic metrics 17 out of 48 times 

(Table 11). Of these, only nine were strong correlations (0.5 ≤ rs ≤ 1) and the others were 

moderate (0.3≤rs<5). Diversity Index was significantly negatively related to sediment 

concentrations of Ni and Zn (rs = -0.67 and -0.62 respectively, p < 0.05). Cd, As, Ni, and 

Zn strongly influenced EPT/EPT+Chironomidae (rs = -0.69, -0.54, -0.75, and -0.73 

respectively, p < 0.05). CTQd was positively related to Ni and Zn concentrations in 

streambed sediments (rs = -0.67 and -0.55 respectively, p < 0.05), while percentage of 

dominant taxon was strongly correlated only with Zn concentrations (rs = -0.58, p < 

0.05). There was no relationship between standing crop and any metal.  

 

Table 11. Correlation between individual metal concentrations and selected biotic 

metrics (p-values in bracket)  

Note. Bold – significant correlation, *strong correlation 
 
 
 
 
 

Metal Biotic metric As Cd Cr Cu Pb Ni Zn 
Diversity index -0.43 

(0.02) 
-0.39 
(0.03) 

0.02 
(0.47) 

-0.05 
(0.40) 

-0.251 
(0.12) 

-0.67* 
(0.0002) 

-0.62* 
(0.001) 

EPT/EPT+C -0.69* 
(0.00) 

-0.54* 
(0.003) 

-0.12 
(0.3) 

-0.004 
(0.49) 

-0.440 
(0.02) 

-0.75* 
(0.00) 

-0.73* 
(0.00) 

CTQd 0.43 
(0.02) 

0.35 
(0.05) 

0.21 
(0.17) 

-0.23 
(0.15) 

0.253 
(0.12) 

0.67* 
(0.0002) 

0.55* 
(0.003) 

Standing Crop -0.09 
(0.33) 

-0.15 
(0.25) 

0.02 
(0.47) 

-0.02 
(0.47) 

-0.021 
(0.46) 

-0.061 
(0.39) 

-0.064 
(0.38) 

Percent Dom. 
Taxon 

0.40 
(0.04) 

0.40 
(0.03) 

-0.24 
(0.13) 

0.32 
(0.06) 

0.213 
(0.16) 

0.45 
(0.01) 

0.57* 
(0.002) 
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DISCUSSION 

Standards set forth by the New Mexico Water Quality Control Commission 

(NMWCC, 1991), indicate that all measurements of temperature, pH, dissolved oxygen 

concentration, and saturation recorded during this study were within the range of ‘good 

quality’ (Table 5). Conductivity exceeded its New Mexico standard of < 300µS/cm at 

sites UO3 and UO4 during both sampling dates. This is concomitant with the fact that 

these sites are characterized by erosion of rocks in the steep canyons before Montezuma 

and runoff from the City of Las Vegas. There were no standards available for alkalinity 

and hardness scores. For these reasons, the environmental parameters were not 

considered as potential factors influencing metal toxicity in the Gallinas River. 

 

Hypothesis 1 

There is no significant difference in metal concentrations in streambed 

sediments between sampling seasons. 

A previous study by Garn and Jacobi (1996) in the Gallinas River found that most 

metals were below the instrumental detection limits in collected water samples. Except 

for Al and Fe, which showed elevated concentrations, the other trace metals that 

exceeded their detection limits, namely Cd, Cr, Mn, and Zn, did so only slightly. 

However, all samples for the aforementioned study were collected in the upper region of 

the River, above USGS gauging station No. 08380500. Sites UO1 and UO2 of the present 

study are both located in the same area as the sites studied by Garn and Jacobi (1996). 

Metal concentrations in the streambed sediments at these two sites were high enough to 

be detected and some of them were even above standard sediment guideline criteria 
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(Figure 4 and Appendix D). This finding confirms that there are inputs of heavy metals in 

the Gallinas River in this part of the watershed. It also further supports the idea that 

sediments can serve as a sink and a better medium of contaminant assessment in aquatic 

environments (Soares et al., 1999; Duzzin et al., 1988; Jha et al., 1990, Borovec, 1996; 

Luoma, 1989). However, during this study, the distribution of metals did not differ 

significantly between the two sampling dates. This indicates that time is not a factor 

affecting metal distribution in the Gallinas River. The data of the present study supports 

Hypothesis 1. 

 

Hypothesis 2 

There is no significant difference in metal concentration between sampling 

sites. 

The discrepancy in distribution trends signifies that the spatial distribution of 

metals in streambed sediments is metal-specific and mostly influenced by physical and/or 

geochemical processes.  

Analysis of the heavy metals investigated in this study showed that with respect to 

sediment quality guidelines (Smith et al., 1996; Buchman, 1999; MacDonald et al., 2000; 

Ingersoll et al., 2000), Ni is the metal that should be of highest concern in the Gallinas 

River. Although six other metals did exceed these criteria as well, they did not do so 

consistently. Concentrations of Ag were compared to the Effects Range-Median (ERM) 

(Long et al., 1995) and the Upper Effects Threshold (UET) (Buchman, 1999) because 

there are no standard Threshold Effects Level (TEL) and Probable Effects Level (PEL) 

values for this metal. The UET value for this metal is considered a similar criterion to the 
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PEL for other metals (Giddings et al., 2001). Only metals that exceeded at least one of 

these guidelines at least at one sampling site were further investigated. For this reason Ag 

was not included in subsequent metal analyses because its concentration in all sediment 

samples was below both the ERM and the UET guidelines (Figure 4).    

Site UO3 should be monitored more frequently because metal concentrations in 

most samples collected here were higher than the other sites. Whereas TEL values were 

frequently exceeded at many sites, there were only four instances during which the PEL 

values were exceeded, three of which occurred at site UO3 (Zn in the Spring, and Ni in 

the Spring and Fall). The fourth exceedence was observed with Cr concentrations at site 

UO2 during the Spring sampling. Upadhyay et al. (2006), and Lynch et al. (1988) 

suggested that although the highest metal concentrations in aquatic systems are recorded 

during runoff events, most of the metals during these events are found in dissolved or 

suspended form. The greatest amounts of contaminants from runoff that concentrate in 

the sediments do so during snowmelt in the Spring. This may be the reason why most of 

the concentrations that exceeded streambed sediment guidelines occurred during the 

Spring whereas concentrations in the Fall were mostly below these criteria (Figure 4).  

Although high concentrations of As exist in the local geology and have been 

reported in the Gallinas River waters during stormflow events (Duran et al., 2005), As 

concentrations in streambed sediments during this study exceeded TEL values only three 

times, two of which were by a very slight margin (Figure 4). This is probably due in part 

to the high desorption capacity of As from Al and Fe oxides in water with pH > 6 (Table 

5) (Dzombak and Morel, 1990; Waychunas et al., 1993). The other five metals assessed 

in this study do not have any known point source in the Gallinas Watershed but at least 
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two of them were detected in trace quantities by a previous study (Garn and Jacobi, 1996) 

in the upper reaches of the Gallinas River. In addition, these metals have been shown to 

increase in water systems due to urban anthropogenic activities (Beasley and Kneale, 

2002).   

In addition to levels supplied as by-products of transportation and energy 

production,  Cu compounds, such as cuprous oxide, cupric sulfate, and cupric acetate are 

used as fungicides and pesticides, as well as in paint and in wood preservative materials 

(Beasley and Kneale, 2002). This may explain the higher concentrations of this metal 

observed during this study upstream of Las Vegas where habitations are mostly 

constructed with wood.  However, these concentrations were not significantly different 

from those observed downstream.  

Cr was also found to be highest at upstream sites compared to downstream sites 

(Figure 4). Although Cr could be leached as a result of corrosion-induced metal release, 

its distribution in sediments suggests that its principal source in the Gallinas River could 

be leachates from chromate copper arsenate treated residential wood structures (Shibata 

et al, 2007). Pb, Ni and Zn were all higher in streambed sediments downstream from the 

City than upstream.  Emissions from gasoline powered vehicles, wear of moving parts of 

engines, wear from tires, and corrosion of building materials and metal objects, which 

characterize urban settings (Novotny, 1995; Beasley and Kneale, 2002) like the City of 

Las Vegas, are the possible major contributors of these metals into the Gallinas River. In 

the case of Cr, Cu, and Pb the spatial distributions did not show any significant difference 

between sites.  
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Comparison between the study sites indicates that no difference exists between 

sites UO1 and UO2 in one hand and between sites UO3 and UO4 on the other hand 

(Table 8). The five metals that had significant differences did so more often between the 

upstream and the downstream sites. Hypothesis 2 was therefore supported for Cr, Cu, and 

Pb, but not for As, Cd, Ni, Ag, and Zn (Tables 7 and 8). 

 

Hypothesis 3 

There is no significant correlation between concentrations of heavy metals in 

aquatic insects and those in sediments. 

Metals persist in various sections of the Gallinas River and are biologically 

available. Composite samples of BMI functional feeding groups symbolize a more 

adequate representation of the BMI community as it is available to predatory fish (Farag 

et al., 1998).  

Ni is being taken up by all BMIs in the Gallinas River, in direct proportions to 

levels in sediments as indicated by the strong correlations that it exhibits with all the four 

functional feeding guilds. Tochimoto et al. (2003) found that Ni was one of the metals 

whose level increased in BMIs when the latter were transferred from a non contaminated 

site to a metal contaminated site. In a review paper, Goodyear and McNeill (1999) stated 

that most bioaccumulation studies have noted differences in uptake between heavy 

metals, based on functional feeding groups. But whenever bioaccumulation did occur, 

concentrations in BMIs were in direct proportions to those found in sediments. Except for 

Ni, information provided by this study does not support results of the literature reviewed 

by the aforementioned study. The analysis of the relationships of metal contamination 
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and concentrations in BMIs in the present study showed very few strong patterns. In most 

cases, metal levels in BMIs are not correlated to corresponding metal contamination. 

Only a few cases existed where metals in sediments were significantly related to those in 

BMIs (Table 11). Marquenie (1985) reported that because organisms accumulate only the 

biologically available species of the polluting metals, there is not always a correlation 

between metal concentrations in sediments with those in BMIs from the same sampling 

reach.  However, Goodyear and McNeill (1999) observed that a concentration gradient 

between metals in organisms and sediments (Cd < Pb <Cu < Zn) is most often the same 

for all feeding guilds in rivers around the world. A very similar gradient (Cd < As < Cr < 

Pb < Ni < Cu < Zn) was observed in about 50% of BMI samples collected from the 

Gallinas River during this study. Ni was the only metal whose correlation data from the 

present study support Hypothesis 3. The relationships between Cd, Cr and Zn in BMIs 

and in sediments supported Hypothesis 3 for some feeding guilds but not for others. 

However, Hypothesis 3 was supported for Cu, Pb and As in all feeding guilds (Table 10). 

 

Hypothesis 4 

There is no biomagnification of heavy metals in the macroinvertebrate food 

chain. 

Eyres and Pugh-Thomas (1978), Timmermans et al. (1989), Nehring (1976), 

Besser and Rabeni (1987), and Burrows and Whitton (1983) suggested that 

biomagnification of metal contaminants does not occur in BMI trophic chain except for 

Pb. Kiffney and Clements (1993) and Farag et al. (1998) have opined that because they 

feed on biofilm, which may accumulate great concentrations of metals, Grazers 
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(herbivores) most often have a greater concentration of heavy metals compared to other 

feeding guilds. During this study, metal enrichment in BMIs at levels greater than those 

found in sediments were observed in about half of the total samples (Appendix J). In 

most cases, metal concentrations were higher in other feeding guilds compared to 

Predators, making it impossible to conclude that biomagnification is occurring.  

Although there is enough evidence to show that some of these metals can increase 

with trophic level (Young and Mearns, 1979; Goodyear and McNeill, 1999; Reynoldson, 

1987), several reasons can explain the lack of biomagnification observed during this 

study. One of these reasons is the complexity of aquatic food chains. BMIs usually feed 

on different species of food based on seasonal availability. Also, the predatory BMIs 

investigated may either prey on other BMIs or on smaller organisms like zooplankton and 

bacteria. Differences in diet definitely bring about differences in the amount of metals 

biotransferred from the prey to the predator (Bindra and Hall, 1978). Another reason for 

the lack of biomagnification is seasonal migrations and drifting. When there is habitat 

disturbance, BMIs get dislodged and are carried away by water currents to new favorable 

locations (Wolfe et al., 1976). Excretion rates, biodegradation/biotransformation, 

chemical changes of metals in sediments, are yet other reasons that can influence how 

much metal is transferred from one aquatic organism to the next in the food chain 

(Boddington et al., 1979). The present study supports Hypothesis 4 (Appendix J)  
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Hypothesis 5 

There is no significant correlation between sediment metal contamination 

and biotic metrics.  

The biological health of the Gallinas River indicates that the BMI communities 

ranged from nonimpaired to moderately impaired, from UO1 to UO4 respectively, with 

each site maintaining its rating during both sampling periods (Appendices G and H). The 

seven-criteria bioassessment and the diversity index all indicated that the downstream 

sites are under perturbation. The decrease in taxa richness, EPT Index, and the increase in 

community loss and standing crop between upstream and downstream sites indicate the 

possibility of organic enrichment at the downstream sites (Keup and Zarba, 1987; Garn 

and Jacobi, 1996; Courtemanch and Davis, 1987). Nonetheless, the higher CTQd indicate 

that in addition to organic pollution, other non-organic toxins may be affecting BMIs at 

these same downstream sites (Winget and Mangum, 1979). Moreover, a decrease in the 

EPT/EPT+Chironomidae ratio observed at these same sites indicate that, unlike the 

upstream sites, the downstream sites have a higher density of individuals belonging to the 

family Chironomidae compared to individuals belonging to the orders Ephemeroptera, 

Plecoptera, and Trichoptera combined. Winner et al. (1980) have positively correlated 

richness in Chironomidae genera (number/site) with increasing metal concentrations in 

sediments. Kiffney and Clements (1994), while carrying out an experiment to evaluate 

the effects of the addition of a mixture of metals on macroinvertebrate assemblages from 

a Rocky Mountain stream, found that the number of Plecoptera and Ephemeroptera 

genera declined rapidly while the Chironomidae became dominant. In the present study, 

the EPT/EPT+Chironomidae metric showed that with the high ratios (greater than 0.8 for 
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both sampling dates) found at sites UO1 and UO2, aquatic conditions at these two sites 

do not pose any threat to BMI community. On the contrary, the heavy metal 

concentrations are affecting the BMI community at sites UO3 and UO4 where 

EPT/EPT+Chironomidae ratios are as low as 0.19 and 0.002 respectively, during the 

Spring, and 0.26 at both sites during the Fall (Tables 11 and 12). As stated by Smolders et 

al. (2003), ecological risks usually vary considerably in different reaches of a river 

because toxicants are gradually broken down and/or immobilized after release into the 

river. The correlations between the biotic metrics and the Metals Index show that heavy 

metal contamination in the Gallinas River is a possible factor influencing water quality 

and should be considered in management plans of the River.  

As, Cd, Pb, and Zn are the metals that are most related to biological health of 

BMI communities in the Gallinas River. However, most of these metals fall below 

accepted sediment quality guidelines and do not seem to show any consistency in 

bioaccumulation pattern by the various feeding guilds. Moreover, apart from As, whose 

source has been determined in the Gallinas Watershed (Evans et al., 2004), no 

individualized source has been identified for the other metals (Garn and Jacobi, 1996).  

The virtual absence of Shredders from the two downstream sites during the Fall 

and the low number of Collectors at site UO3 during the Spring could be attributed to the 

poor water quality observed at these sites (Appendices G and H). Additionally, 

Rohasliney and Jackson (2008) suggested that the absence of Shredders could indicate 

the virtual lack or insufficiency of coarse particulate organic matter. Site assessment of 

the present study showed that sites UO3 and UO4 are dominated by compact bedrock 

covered by clay and silt materials and the riparian areas lack trees that could provide 
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allochthonous material to the River. Nonetheless, there is sufficient evidence 

demonstrating that the lack of Shredder taxa in a rocky mountain stream can be attributed 

to high sensitivities of many members of this feeding guild to trace metals (Clements et 

al., 2000; Clements and Kiffney, 1995; Carlisle and Clements, 2005). Six of the eight 

metals investigated during this study showed relatively high concentrations in sediments 

at the two downstream sites compared to the upstream sites (Figure 4). Although the 

present study does not provide sufficient data to assert all the causes of perturbation in 

the lower reaches of the Gallinas River, it most certainly confirms that heavy metals may 

be a contributing factor in this equation and does not support Hypothesis 5. 
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CONCLUSION AND RECOMMENDATIONS 

The findings of the present study verify the null hypothesis that there was no 

significant difference in streambed sediment metal concentrations between sampling 

seasons, implying that metal concentrations do not change with time. However, 

significant differences do exist between stream reaches, with the downstream sites having 

higher concentrations compared to upstream. This is concordant with poorer 

bioassessment scores at the downstream sites. 

Levels of Ni in all BMIs appear to be strongly related with sediments levels. 

Levels of a few other metals like Cr, Zn and Cd in some BMIs are also strongly related 

with sediment levels. The high levels of metals in Shredders at the upstream sites during 

the Spring sampling are a possible indication that the riparian vegetation is taking up 

considerable amounts of heavy metals from the geology. Metal speciation, feeding habits 

and varying uptake rates may be responsible for the differences in bioaccumulation found 

in the BMIs. Overall, biomagnification is not occurring in the Gallinas River. 

Site assessment indicates that sites UO3 and UO4 have undercut banks and lots of 

silt and algae in the streambed sediments, suggesting that the habitats at these sites are 

degraded and unstable for BMI colonization. Anthropogenic activities at these sites, like 

cattle grazing, which reduces riparian vegetation and increases fecal matter in the River, 

farming, which increases fertilizer and pesticides, and urban activities, which promote 

increased erosion, may be responsible for this observation. Nonetheless, the significant 

relationships observed between most biotic metrics and metals like As, Cd, Ni, and Zn, as 

well as the Metals Index, indicate that heavy metal contamination is a strong contributing 

factor to the poor biotic condition of these two sites. 
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Although this study did not find any adverse contribution from discharges from 

the City’s Wastewater Treatment Plant, the biotic condition at this site suggest that the 

flushing from the Plant’s discharges is not sufficient to improve the quality of the water.  

Also, Cd and Ag, two metals that are known to be linked with high sewage sludge inputs 

in river systems did not show any marked increase downstream of the WWTP (Figure 4 

and Appendix D). 

In a nutshell, the Gallinas River water quality is ‘Fairly Good’ to ‘Good’ upstream 

of the City of Las Vegas and ‘Poor’ downstream. However, there is no indication that the 

heavy metal contamination could be biomagnifying in the aquatic food chain. It can be 

assumed that the heavy metals in the Gallinas River are not hazardous to the surrounding 

human population. Nonetheless, the present levels appeared to exceed BMI sediment 

quality criteria at many sites. Therefore, these concentrations should be watched carefully 

and control measures such as stormwater treatment be implemented because small, 

insignificant increases may be biotransferred and become hazardous to humans over time.   

Methods used in this study were adequate to indicate that in addition to As, other 

metals are present in the Gallinas River and are bioavailable. However, the data provided 

in this study are not definitive in asserting the level of heavy metal toxicity in the 

Gallinas River. Consequently, additional investigations are warranted. These studies 

should, first, identify specific bioindicator BMI taxa for the different contaminant species 

available in the River and investigate those species. Also, future research should consider 

depurating the BMIs to eliminate adsorbed contaminants and gut contents. Furthermore, 

analysis of BMI body parts separately is an effective way of determining where exactly 

these organisms bioaccumulate heavy metals the most.  
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The next step would be to conduct comparative studies of controlled laboratory 

bioassays and stream mesocosms in order to control factors that may not be accounted for 

in the field. These controlled experiments should test the BMIs for physical deformities 

using the metals (As, Cd, Ni, and Zn), which were found by the present study to strongly 

correlate with most biotic measures. Such investigations would provide information on 

sublethal concentrations of these metals individually and collectively. Significant 

information on whether these metals have synergistic or antagonistic behaviors would be 

provided and would help in management, cleanup and protecting of the aquatic biota of 

the Gallinas River. 
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Appendix A 

 Summary of reported bioaccumulation studies in the past fourteen years. 

Location Taxa/Feeding Guild Metals investigated Comments Reference 

Upper Arkansas River, 
Colorado 

Baetis spp. (G), Arctopsyche 
grandis (C), and Rhyacophyla 
spp. (P). 

Cd, Cu, and Zn In spite of spatial and temporal 
variations in metal 
concentrations among taxa, the 
mayfly Baetis spp. 
bioaccumulated more than other 
taxa.  

Clements and 
Kiffney, 1994 
 

Cottonwood River, 
Kansas 

Orconectes. Feeding guild not 
indicated.  

Pb, Cd, Al, Zn and 
Cu 

Although metal concentrations 
in sediments were higher than 
those of water and all organism, 
the crayfish Orconects nais 
accumulated more metals than 
the sunfish (Lepmis humilis) 

Morrissey and Edds, 
1994 

River Gaula, Norway Baetis, Diura, Rhyacophila. 
Feeding guild not indicated. 

Cu, Cd, and Zn  Foraging species concentrated 
metals two to threefold 
compared to Carnivores. Levels 
of Cu and Zn related to water 
levels 

Arnekleiv and Størset, 
1995 
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Location Taxa/Feeding Guild Metals investigated Comments Reference 

Upper Mississippi 
River 

Hexagenia (C) Cd, Pb, Cu, Zn, Hg Cd was the most pronounced 
metal with levels in mayflies 
from sites closest to the Twin 
Cities (Minneapolis-St. Paul, 
Minnesota, orders of magnitude 
higher than those of BMIs found 
at sites further downstream.  

Beauvais et al., 1995 

Upper Sacramento 
River, California 

Baetidae (C), Chironomidae 
(C). 

Cd, Pb, Cu, Zn Chironomids and mayflies from 
sites downstream from inputs 
had higher concentrations of 
metals compared to 
uncontaminated sites.  

Saiki et al., 1995 

River Kyronjoki, 
Finland 

Hydropsyche pellucidula (C) Al, Cd, Cu, Fe, Pb, 
and Zn 

Metal concentrations in the 
larvae strongly depend on the 
life stage with Cd and Cu 
significantly higher in newly 
moulted larvae. 

Vuori and Kukkonen, 
1996 

Four rivers in Flanders, 
Belgium 

Chironomus gr. thummi (C), 
Tubifex tubifex (C) 

Cu, Cd, Zn, and Pb Metal levels in tubificid worms 
were related to total metal 
concentration in sediments 
whereas levels in chironomid 
were most often related only to 
the reducible fractions in 
sediments except for Pb. 

Bervoets et al., 1997 
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Location Taxa/Feeding Guild Metals investigated Comments Reference 

River Hayle, Cornwall Ephemeridae (C), 
Ecdyonuridae (C), Perlodidae 
(P),  Hydropsychidae (C) 

Cd, Pb, Cu, Zn, Fe, 
Mn 

Significant correlations were 
observed between Zn and Cu 
levels in sediments and BMIs 
for predators, grazers and 
collectors. 

Goodyear and 
McNeill, 1998 

River Caine, Bolivia Chironomidae (C) Cd, Pb, Ni, Cr, Cu, 
and Zn 

Levels of Cd, Pb, Zn, and Cu 
were higher in larvae 
downstream after the confluence 
with the polluted River 
Molinero, although there was no 
difference in sediment levels. 

Bervoets et al., 1998 

Coeur d'Alene River, 
Idaho 

Pterenarcella (G), Pterenarcys 
(G),  
Tipula (S), Arctopsyche (P) 

Cd, As, Cu, Hg, Pb, 
and Zn 

Shredders-scrapers had 
significantly higher 
concentrations of As, Cd, Hg 
and Zn than other feeding 
groups. No biomagnification 
was found to be occurring. 

Farag et al., 1998 

Blackbird Creek, Big 
Deer Creek, Panther 
Creek, Idaho. 

Ephemeroptera, Plecoptera, 
Trichoptera, Coleoptera, 
Chironomids and few other 
Diptera. Feeding guild not 
indicated. 

As, Co, and Cu Metal concentrations in 
invertebrates were highest at the 
closest site downstream from 
mine inputs.  

Beltman et al., 1999 
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Location Taxa/Feeding Guild Metals investigated Comments Reference 

Runoff discharge at 
road crosings in Eastern 
England, UK 

Gammarus, Asellus and Sialis. 
Feeding guild not indicated. 

Pb, Cd, and Zn  Concentrations of Pb in the 
BMIs were related significantly 
with those in sediments. 
However, Cd did not show the 
same trend and Zn levels were 
higher than in sediments. 

Perdikaki and Mason, 
1999 

Slippery Rock Creek 
and Wolf Creek, 
Pennsylvania 

Hydropsych caddisfly. 
Feeding guild not indicated. 

Fe, Al, Mn, Zn, Cd, 
and Pb 

Body burdens of most metals 
were higher in the AMD site 
than in the reference stream.  

DeNicola and 
Stapleton, 2002 

Tamagawa River, near 
Tokyo (Japan) 

Stenopsyche marmorata (C) Ni, Cu, Zn, and Pb Cu and Ni uptake was 
predominantly through food. Zn 
levels decreased in larvae over 
time. 

Tochimoto et al., 
2003 

Many sites on the 
Pilcomayo River, South 
America 

Chironomidae (C) and semi-
aquatic Pisauridae (P) 

Cd, Cu, Pb, S and Zn Metal concentrations is 
positively correlated with levels 
in sediments and water and the 
metals are biotransferred to 
predators via chironomid larvae 

Smolders et al, 2003 

The Clark Fork, the 
Blackfoot River, and 
Rock Creek (MT, 
USA) 

Hydropsyche spp., Baetis spp., 
Arctopsyche grandis,  
Epeorus albertae and 
Serratella tibialis. Feeding 
guild not indicated. 

Cd, Cu, and  Zn In general, spatial and temporal 
variation in metal body burdens 
corresponded to sediment 
concentrations. Metal 
concentrations were relatively 
high in sensitive species 
compared to tolerant species. 

Cain et al., 2004 
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Location Taxa/Feeding Guild Metals investigated Comments Reference 

Several streams in 
California 

Ephemerellidae (G), 
Heptageniidae (G), 
Ameletidae (C), Siphlonuridae 
(C), Hydropsychidae (S), 
Perlidae (P) 

Cd and Zn Although the Ephemerellidae 
accumulated metals more 
rapidly than the other taxa, 
uptake rates were generally very 
variable and were not related to 
body size except for the mayfly 
Drunella gandis. 

Buchwalter and 
Luoma, 2005 

River Vascão and 
Mosteirão stream, SE 
Portugal 

Choroterpes - Leptophlebiidae 
(S) 

Mn, As, Pb, Zn, Cu, 
Co, and Cd 

Metal body burdens higher at 
site impacted with AMD 
compared to reference 
unimpacted sites. 

Gerhardt et al., 2005 

River Guadiamar, 
Spain 

Procambarus. Feeding guild 
not indicated. 

Cd, Cu, Zn, Pb and 
As 

Metal concentrations in crayfish 
at the sites having the polluted 
sediments were higher than sites 
with no polluted sediment.  

Alcorlo et al., 2006 

River Tisza, River 
Szamos and River 
Maros, Romania. 

Chironomus (C) Mn, Fe, Ni, Cu, Zn, 
As, Sr, Pb 

Calculated BAFs were always 
higher in heavily impacted 
compared to other rivers  

Woefl et al., 2006 

Biala Przemsza river 
system, southern 
Poland 

Gammarus fossarum, Baetis 
rhodani and Baetis vernus. 
Feeding guild not indicated. 

Cd, Cu, Fe, Pb, and 
Zn 

Mayfly larvae were more 
sensitive to high metal influxes 
than the amphipod and metal 
concentrations in the former 
dropped more slowly than the 
later in less contaminated 
reaches. 

Fialkowski and 
Rainbow, 2006 



90 
 

 
 

Location Taxa/Feeding Guild Metals investigated Comments Reference 

Boulder River, 
Montana 

Taxa and feeding guild not 
indicated. 

As, Cd, Cu, Pb, and 
Zn 

Although BMIs had lower 
concentrations compared to 
biofilm, metal levels in BMIs 
from metal impacted sites were 
generally higher than in those 
from reference sites. 

Farag et al., 2007 

Ganga River, India Gastropoda (S), and 
Pelecypoda (C) 

Hg Higher concentrations of Hg 
were found in shells of the 
gastropods compared to the 
pelecypods and were attributed 
to feeding habits 

Sinha et al., (2007) 
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Appendix B 

Quality assurance and quality control for external fortifications of sediments and USGS 

materials. 

Element 
Material 

Ag As Cd Cr Cu Ni Pb Zn 

Method Blank < 0.002 < 0.1 < 0.01 < 0.5 < 0.01 < 0.1 < 0.01 < 0.1

GXR-6 Meas 0.131 210 0.11 76.3 70.7 24.4 109 121 

GXR-6 Cert 1.3 330 1 96 66 27 101 118 

GXR-2 Meas 12.5 3.3 3.31 20.5 78 17 510 526 

GXR-2 Cert 17 25 4.1 36 76 21 690 530 

GXR-1 Meas 29.7 459 2.45 6.7 1000 40.7 635 801 

GXR-1 Cert 31 427 3.3 12 1110 41 730 760 

GXR-4 Meas 3.3 113 < 0.01 55 5640 40.6 42.7 69.5 

GXR-4 Cert 4 98 0.9 64 6520 42 52 73 
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Appendix C 

ICP-MS concentrations of metals (µg/g) in streambed sediments from the Gallinas River 

during two sampling dates in 2006. 

   Metal     Sampling 
period Site As Cd Cr Cu Pb Ni Ag Zn 

8.8 0.58 27.6 54.5 50.5 22.4 0.068 104.0 
4.1 0.41 22.2 37.3 23.5 17.6 0.029 87.5 

Spring  
2006 

UO1 

4.0 0.67 35.8 58.1 37.6 27.1 0.064 113.0 
4.7 0.21 100.0 34.3 22.4 32.9 < 0.002 62.5 
3.7 0.34 202.0 55.3 37.4 29.3 0.019 87.3  

UO2 

2.5 0.28 114.0 28.4 15.0 26.4 0.032 74.9 
7.4 3.49 33.6 21.6 32.0 85.3 0.024 401.0 
10.3 7.79 55.7 31.8 79.5 114.0 0.208 719.0  

UO3 

10.1 9.09 46.5 30.0 78.9 158.0 0.149 929.0 
5.9 0.47 26.6 18.4 26.1 29.5 0.203 128.0 
7.0 0.36 31.2 20.4 29.2 29.3 0.294 111.0  

UO4 

5.8 1.25 41.1 25.9 46.8 49.8 0.83 269.0 
          

1.6 0.19 15.9 20.7 11.3 11.4 0.02 55.1 
3.5 0.58 26.2 40.8 26.2 18.7 0.088 96.8 

Fall 
2006 

UO1 

2.2 0.26 17.0 25.0 13.9 12.3 0.027 63.0 
1.6 0.23 17.5 12.9 14.6 12.0 0.010 81.4 
1.4 0.19 19.1 13.0 14.7 13.2 0.008 62.0  

UO2 

2.4 0.57 24.5 28.4 26.9 19.2 0.041 101.0 
5.4 1.03 12.0 14.8 21.6 46.8 0.051 198.0 
8.4 2.47 24.4 30.0 51.5 66.8 0.216 307.0  

UO3 

6.0 1.09 18.3 23.5 30.9 42.1 0.189 201.0 
4.4 1.14 17.3 19.8 26.2 43.2 0.215 227.0 
3.8 0.39 11.5 13.8 16.5 28.0 0.066 117.0  

UO4 

3.5 0.55 12.2 14.5 21.2 29.2 0.129 129.0 
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Appendix D 

Mean concentrations of metals in streambed sediments (Mean ± Standard Deviation) at 

four sampling stations along the Gallinas River collected in 2006 

 Note. avalue above PEL; bvalue above TEL; cvalue above UET; dvalue above ERM;  
 -- value omitted or not available. 
 

 

 

 

 

 

 

Date Site  Ag 
(µg/g) 

As 
(µg/g) 

Cd 
(µg/g) 

Cr 
(µg/g) 

Cu 
(µg/g) 

Pb 
(µg/g) 

Ni 
(µg/g) 

Zn 
(µg/g) 

Mn 0.05 5.63 0.55b 28.53 49.97b 37.2b 22.37b 101.5 Spring 
2006 UO1 

Std ±0.02 ±0.3 ±0.1 ±6.9 ±11.12 ±13.5 ±4.8 ±12.9 
Mn 0.02 3.63 0.28 138.67a 39.33b 24.93 29.53b 74.9 

 UO2 
Std ±0.02 ±1.1 ±0.1 ±55.3 ±14.14 ±11.4 ±3.3 ±12.4 
Mn 0.13 9.27b 6.79a 45.27b 27.80 63.47b 119.1d 683.0d 

 UO3 
Std ±0.1 ±1.6 ±2.9 ±11.1 ±5.4 ±27.3 ±36.6 ±265.8 

Mn 0.44 6.23b 0.69b 32.97 21.57 34.03 36.2a 169.33b 
 UO4 

Std ±0.3 ±0.7 ±0.5 ±7.4 ±3.88 ±11.2 ±11.8 ±86.7 
           

Mn 0.05 2.43 0.34 19.7 28.83 17.13 14.13 71.63 Fall     
2006 UO1 

Std ±0.04 ±0.9 ±0.2 ±5.7 ±10.6 ±7.9 ±3.9 ±22.2 
Mn 0.02 1.8 0.33 20.37 18.1 18.73 14.8 81.47  UO2 
Std ±0.02 ±0.5 ±0.2 ±3.7 ±8.9 ±7.1 ±3.9 ±19.5 
Mn 0.15 6.6b 1.53b 18.23 22.77 34.67 51.9d 235.33b 

 UO3 
Std ±0.1 ±1.6 ±0.8 ±6.2 ±7.6 ±15.3 ±13.1 ±62.1 
Mn 0.14 3.9 0.69b 13. 67 16.03 21.3 33.47b 157. 67b 

 UO4 
Std ±0.1 ±0.5 ±0.4 ±3.2 ±3.3 ±4.9 ±8.5 ±60.3 

Guideline (PEL) -- 17 3.53 90 197 91.3 36 315 
Guideline (TEL) -- 5.9 0.596 37.3 35.7 35 18 123 
Guideline (UET) 4.5 -- -- -- -- -- -- -- 
Guideline (ERM) 1.0 85 9 145 390 110 50 270 
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Appendix E 

Quantitative BMI collections from four sites along the Gallinas River, April 2006 

sampling. 

  Site Name Taxa 
 FG UO1 UO2 UO3  UO4 

EPHEMEROPTERA – mayflies               
 Baetidae C 61 28 14 8 1 7   1     
 Ephemerellidae G 13 4 9 1          
 Heptageniidae G 12 19 28 2     2     
 Tricorhythidae C     8 32        
PLECOPTERA – stoneflies               
 Leuctridae S   1           
 Chloroperlidae S 1             
 Perlidae P 1 2 3      1     
 Nemouridae S 10 14 5           
 Perlodidae P 6 3 2           
 Taenipterygidae S 19 1 1 1          
TRICHOPTERA – caddisflies               
 Hydropsychidae C 2 1 2 9 4 17 9 3 4  1  1 
 Hydroptilidae -       4 4 1     
 Limnephilidae S  2 9     64      
 Psychomyiidae C 1             
 Rhyacophilidae P 13 7 3 9 6 1      1  
 Glossomatidae G    6 2       3  
 Polycentropodidae C            1  
DIPTERA – true flies               
 Ceratopogonidae P  2   1   3 40  2 1 1 
 Chironomidae C 11 18 17 11 9 6 5 4 1  527 536 732
 Ephydridae C    1          
 Stratiomyidae C     1 1        
 Empididae P    1 6 4 2 194 5  1  2 
 Simulidae C 11 2  1     1  35  20 
 Culicidae -           2   
 Psychodidae C   1           
 Tipulidae S  1  2 25 17  1   12 11  
ODONATA – damsel/dragonflies               
 Coenagrionidae P            1 1 
HEMIPTERA – true bugs               
 Naucoridae P    3 2         
COLEOPTERA – beetles               
 Elmidae C 7 5 9 52 47 33  1      
LEPIDOPTERA – moths               
 Pyralidae G    6 1 6  14      
DECAPODA – crayfish and shrimps               
 Astacidae C        1      
AMPHIPODA – scuds               
 Talitridae C       1       
GASTROPODA – snails and limpets               
 Planorbidae G    1    144   5 15 1 
PELECYPODA – clams and mussels               
 Sphaeriidae C        2      
ANNELIDA – segmented worms               
 Hirudinea P           1   
 Oligochaeta C  3  35 35 10  7   6   
ASCHELMINTHES – round worms               
 Nematoda C           24 50 19 
NEMATOMORPHA – gordian worms               
 Gordioidae -        2   6 47 21 
PLATYHELMINTHES – flatworms               
 Turbellaria P    2  2        
Standing Crop   1754   1937   2371    9484  
Total taxa   20   20   18    15  
CTQd   72.50   92.76   106.94    107.91  
Diversity Index   2.34   2.16   1.66    0.59  
Note. FG – functional feeding guild: C – collectors; G – grazers; S – shredders; P – predators 
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Appendix F  

Quantitative BMI collections from four sites along the Gallinas River, October 2006 

sampling 

  Site Name 
Taxa 

 FG UO1 UO2 UO3  UO4 
EPHEMEROPTERA – mayflies               
 Baetidae C 6      1    6  1 
 Caenidae C        2      
 Ephemerellidae G 38   33 12 16   4  1   
 Heptageniidae G 64 12 4     7   30 10 10 
 Tricorhythidae C           9   
PLECOPTERA – stoneflies               
 Leuctridae S  6 2 1 14 23        
 Chloroperlidae S 6     2        
 Perlidae P 3 17 5 50 3 16 1 25 69  2 7 2 
 Nemouridae S 1             
 Perlodidae P 10 5 5 3 1  2 31 6   1 1 
 Taenipterygidae S 15  1           
TRICHOPTERA – caddisflies               
 Hydropsychidae G 10             
 Limnephilidae S 16 49 29 1          
 Psychomyiidae C  28 37           
 Hydroptilidae -  4 7 35  19 4 4 20  54  23 
 Lepidostomatidae S    3          
 Rhyacophilidae P 5             
 Glossomatidae G  24 13 7 1         
 Polycentropodidae C  2 5           
DIPTERA – true flies               
 Ceratopogonidae P  1  3   2 63 23     
 Chironomidae C 9   1       3 9  
 Ephydridae C       3 12 17     
 Empididae P 2            1 
 Simulidae C         2  4   
 Psychodidae C 5 2 5           
 Tipulidae S 1             
ODONATA – damsel/dragonflies               
 Coenagrionidae P     1   25 9   8  
HEMIPTERA – true bugs               
 Naucoridae P    21          
COLEOPTERA – beetles               
 Elmidae C 14 14 10 35 69 38  19 3   2  
 Dysticidae P    4 12 19     4   
 Hydrophilidae P    3  2        
LEPIDOPTERA – moths               
 Pyralidae G   2 1          
DECAPODA – crayfish and shrimps                
 Astacidae C            2  
AMPHIPODA – scuds               
 Talitridae C            2  
GASTROPODA – snails and limpets               
 Planorbidae G    1   3 12 17     
PELECYPODA – clams and mussels               
 Sphaeriidae C  1 5 66  13        
ANNELIDA – segmented worms               
 Hirudinea P            2  
 Oligochaeta C 7   1          
ASCHELMINTHES – round worms               
 Nematoda C 5  13 1 5  109 162 290  196 15 49 
PLATYHELMINTHES – flatworms               
 Turbellaria P    342 14 31        

Standing Crop   2426   4354   4180    2047  
Total taxa   27   23     13    14  
CTQd   80.68   94.45   95.15    100.18  
Diversity Index   2.74   1.94   1.43    1.43  
Note. FG – functional feeding guild: C – collectors; G – grazers; S – shredders; P – predators. 
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Appendix G 

Bioassessment of the Gallinas River, April 2006 following Plafkin et al. (1989) 

 Site   

Biological metric UO1 (Reference) UO2 UO3 UO4 
Calculated value     

 
Standing crop (number of 
organisms per square meter) 

    1754.25 1936.98  2370.97     9483.89 

 Taxa Richness         20     20 18         15 
 CTQd         72.50     92.76    106.94      107.91 

 EPT/(EPT + Chironomidae)           0.87  0.81        0.19     0.002 

 Percent dominant taxon         26.82     31.13      37.38        86.99 

 EPT index         13       8  5          3 

 
Community Loss           0.00  0.40       0.50   0.87 

Percentage of reference     
 Standing crop (number/m2)       100  110.42   135.16      540.62 

 Taxa Richness       100  100              90 75.00 

 CTQd       100    78.16    67.79 67.19 

 EPT/(EPT + Chironomidae)       100    93.10    21.84  0.23 

 Percent dominant taxon         26.82    31.13    37.38 86.99 

 EPT index       100    61.54    38.46 23.08 

 
Community Loss1           0      0.4      0.50   0.87 

Score     
 Taxa Richness           6      6 6          4 

 EPT index           6      0 0          4 

 EPT/(EPT+Chironomidae)           6      6 0          0 

 Percent dominant taxon           4      2 2          0 

 Standing crop (number/m2)           6      6 6          0 

 CTQd           6      4 2          2 

 
Community Loss           6      6 4          4 

Biological condition     

 Total of metric score         40   30             20       14 

 Percentage of reference        100   75             50       35 

 Stream condition Nonimpaired 
Slightly 
impaired 

Moderately 
impaired 

Moderately 
impaired 

Note. 1Actual values, not a percent comparability to reference site 
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Appendix H 

Bioassessment of the Gallinas River, October 2006 following Plafkin et al. (1989) 

 Site   

Biological metric UO1 (Reference) UO2 UO3 UO4 
Calculated value     

 

Standing crop (number of 
organisms per square meter) 

2425.79  4353.64      4180.04      2046.62 

 Taxa Richness              27 23 13          14 

 CTQd    80.68     94.45   95.15       100.18 

 EPT/(EPT+Chironomidae)      0.98       0.99      0.26    0.26 

 Percent dominant taxon    24.29     40.61    21.42 58.04 

 EPT index             12 10  4            3 

 
Community Loss      0.00       0.30      1.00    1.00 

Percentage of reference     
 Standing crop (number/m2) 100.00  179.47       172.32         84.37 

 Taxa Richness 100.00   85.19   48.15         51.85 
 CTQd 100.00   85.42   84.79         80.54 

 EPT/(EPT+Chironomidae) 100.00 101.02   26.53         26.53 
 Percent dominant taxon   24.29   40.61   21.42         58.04 

 EPT index 100.00   83.33   33.33 25.00 

 Community Loss1     0.00      0.30     1.00           1.00 
Score     

 Taxa Richness 6          6           2           2 
 EPT index 6          4           0           0 
 EPT/(EPT+Chironomidae) 6          6           2           2 
 Percent dominant taxon 4          0           4           0 

 Standing crop (number/m2) 6 4           4           6 

 CTQd 6 6           2           4 
 Community Loss 6 6           4           4 

Biological condition     

 Total of metric score             40       32        18         18 

 Percentage of reference            100       80        45         45 

 Stream condition Nonimpaired 
Slightly 
impaired 

Modertely 
impaired 

Modertely 
impaired 

Note. 1Actual values, not a percent comparability to reference site 
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Appendix I 

ICP-MS metal concentrations in benthic macroinvertebrates 

Metal Sampling   
   date Site/Guild 

Organisms 
per sample As Cd Cr Cu Pb Ni Zn 

UO1         
 Shredders 64 72.0 3.0 8.0 105.0 75.0 6.0 288.0 
 Grazers 85 4.1 2.9 3.1 41.5 11.5 3.6 228.0 
 Collectors 193 2.3 0.8 5.3 43.6 12.6 5.7 167.0 
 Predators 42 23.7 1.2 3.0 66.9 47.4 4.2 375.0 
UO2         
 Shredders 45 35.2 4.4 11.0 351.0 142.0 8.8 853.0 
 Grazers 25 10.0 0.5 30.0 335.0 155.0 90.0 355.0 
 Collectors 328 2.0 0.7 8.9 30.1 30.2 6.3 203.0 

Spring 
2006 

 Predators 37 9.0 3.0 8.0 97.5 27.0 5.0 227.0 
UO3         
 Shredders 65 3.0 5.0 10.0 230.0 45.0 10.0 575.0 
 Grazers 146 - 3.3 3.8 19.2 14.6 82.6 268.0 
 Collectors 40 --- --- --- --- --- --- --- 

 

 Predators 145 7.0 6.5 30.0 1820.0 45.5 150.0 767.0 
UO4         
 Shredders 23 0.6 0.6 3.0 28.8 21.6 22.8 200.0 
 Grazers 24 1.5 0.6 9.4 17.7 16.2 19.1 75.4 
 Collectors 1942 10.7 2.7 6.0 53.0 20.2 24.2 468.0 

 

 Predators 11 0.2 0.8 2.0 27.6 8.6 41.4 286.0 
          

UO1         
 Shredders 126 8.4 0.04 - 6.6 3.5 0.1 13.7 
 Grazers 167 4.6 2.8 38.0 83.8 13.4 14.2 378.0 
 Collectors 168 15.0 0.9 6.1 32.4 17.4 5.0 206.0 
 Predators 53 4.3 0.3 4.8 25.4 3.1 3.9 75.4 
UO2         
 Shredders 44 11.0 1.0 3.0 95.0 18.5 8.0 177.0 
 Grazers 71 2.0 0.5 3.6 16.5 14.6 4.0 104.0 
 Collectors 229 2.1 1.6 5.2 39.8 22.2 7.0 264.0 

Fall  
2006 

 Predators 525 30.8 2.4 2.0 45.2 16.4 4.0 191.0 
UO3         
 Shredders -- -- -- -- -- -- -- -- 
 Grazers 43 8.0 16.5 8.0 134.0 34.5 153.0 897.0 
 Collectors 620 0.3 215.0 6.0 73.5 20.4 532.0 5500.0

 

 Predators 256 0.2 11.8 1.0 37.0 2.2 68.2 995.0 
UO4         
 Shredders -- -- -- -- -- -- -- -- 
 Grazers 51 0.2 0.4 2.4 25.5 3.8 18.1 73.5 
 Collectors 298 - 1.9 2.0 30.0 7.1 35.5 494.0 

 

 Predators 28 1.7 0.7 1.3 28.7 1.5 37.3 1570.0
Note. - BMI metal concentration below instrument detection limit 
          -- No BMI organism available 
          --- BMI sample below ICP-MS minimum weight  
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Appendix J 

Bioaccumulation factors (BAFs) of metals in benthic macroinvertebrates 

Metal Sampling 
date     Site/Guild As Cd Cr Cu Pb Ni Zn 
       

 
 

Spring 2006 UO1 Shredders 12.78 5.42 0.28 5.33 2.02 0.27 2.84 
 Grazers 0.73 5.17 0.11 2.11 0.31 0.16 2.25 
 Collectors 0.41 1.43 0.19 2.21 0.34 0.25 1.65 

 

 Predators 4.21 2.17 0.11 3.40 1.27 0.19 3.69 
         

UO2 Shredders 9.69 15.90 0.08 17.23 5.70 0.30 11.39 
 Grazers 2.75 1.81 0.22 16.45 6.22 3.05 4.74 
 Collectors 0.55 2.35 0.06 1.48 1.21 0.21 2.71 

 

 Predators 2.48 10.84 0.06 4.79 1.08 0.17 3.03 
        

UO3 Shredders 0.32 0.74 0.22 12.61 0.71 0.08 0.84 
 Grazers - 0.48 0.08 1.05 0.23 0.69 0.39 
 Collectors --- --- --- --- --- --- --- 

 

 Predators 0.76 0.96 0.66 99.82 0.72 1.26 1.12 
        

UO4 Shredders 0.10 0.87 0.09 2.11 0.63 0.63 1.18 
 Grazers 0.24 0.87 0.29 1.30 0.48 0.53 0.45 
 Collectors 1.72 3.84 0.18 3.88 0.59 0.67 2.76 

 

 Predators 0.03 1.15 0.06 2.02 0.25 1.14 1.69 
          

Fall 2006 UO1 Shredders 3.45 0.12 - 0.23 0.20 0.01 0.19 
 Grazers 1.89 8.16 1.93 2.91 0.78 1.00 5.28 
 Collectors 6.16 2.56 0.31 1.12 1.02 0.35 2.88 

 

 Predators 1.77 0.93 0.24 0.88 0.18 0.28 1.05 
        

UO2 Shredders 6.11 3.03 0.15 5.25 0.99 0.54 2.17 
 Grazers 1.11 1.42 0.18 0.91 0.78 0.27 1.28 
 Collectors 1.17 4.85 0.26 2.20 1.19 0.47 3.24 

 

 Predators 17.11 7.27 0.10 2.50 0.88 0.27 2.34 
        

UO3 Shredders -- -- -- -- -- -- -- 
 Grazers 1.21 10.78 0.44 5.89 1.00 2.95 3.81 
 Collectors 0.05 140.52 0.33 3.23 0.59 10.25 23.37 

 

 Predators 0.03 7.71 0.05 1.63 0.06 1.31 4.23 
        

UO4 Shredders -- -- -- -- -- -- -- 
 Grazers 0.05 0.50 0.18 1.59 0.18 0.54 0.47 
 Collectors - 2.80 0.15 1.87 0.33 1.06 3.13 

 

 Predators 0.44 0.94 0.10 1.79 0.07 1.11 9.96 
Note.   - BMI metal concentration below instrument detection limit 

-- No BMI organism available 
--- BMI sample weight too small to measure 

 


