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ABSTRACT 
 
 
 

Utilization of Shoalgrass Resources and Nutritional Ecology of Wintering  
 

Redheads in the Laguna Madre of Texas  
 

(August 2006) 
 

J. Dale James, B.S., Texas A&M University; M.S. Texas A&M-Kingsville 
 
 

Co-Chairs of Advisory Committee:   Dr. Bart M. Ballard 
                                                             Dr. R. Douglas Slack 

 
 
 

 The reduction of shoalgrass (Halodule wrightii) rhizomal biomass, 

attributable to redhead (Aythya americana) grazing, and redhead nutritional 

ecology was examined in the Laguna Madre of Texas during the winters of 2000-

01, 2001-02, and 2002-03.  Comparison of biomass trends across winter within 

exclosures where redheads were not allowed to forage and along transects 

where redheads may have foraged indicated that there were no significant 

(P<0.05) declines in biomass between exclosed and unexclosed areas in year 1.  

However, these results should be cautiously reviewed due to an improper 

sampling design in this year.   In years 2 and 3 of the study, some sampling 

zones within the Laguna Madre showed biomass decline suggesting that 

redheads reduced biomass within these localized regions.  In fact redhead 

foraging accounted for 33% and 26% of the overall shoalgrass rhizome reduction 

in years 2 and 3, respectively.  Initial rhizome biomass was significantly different 

(P< 0.0001) between sampling zones in all years with a mean of 49.96 ± 7.02 

g/m2 in exclosures and 41.94 ± 4.11 g/m2 along transects.  Shoalgrass biomass, 
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however, appeared to recover during the growing season from previous winter 

foraging, as biomass recorded in October of each year was significantly higher 

than biomass from the previous March.  Redheads were distributed throughout 

the Laguna Madre and were recorded in all sampling zones, however, some 

zones received considerably more use than others and these areas were 

generally located on the eastern side of the Gulf Intracoastal Waterway, where 

water levels are shallower and shoalgrass density is higher.  Body condition 

indices indicated that redheads were obtaining sufficient resources to maintain 

endogenous reserves throughout winter.  Lipid reserves increased in all years for 

all sex and age cohorts however lean body mass decreased for all cohorts in 

year 1 and for juvenile females in year 2.  This change in body mass was 

explained by a decrease in carcass protein.  This study indicates that redheads 

reduce shoalgrass rhizome biomass locally; however, shoalgrass within the 

Laguna Madre is energetically capable of sustaining current redhead population 

levels.  Management recommendations derived from this study are to continue 

conservation and enhancement of shoalgrass distribution throughout the Laguna 

Madre as declines of shoalgrass biomass could have detrimental effects on the 

continental redhead population. 
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CHAPTER I 

EFFECTS OF REDHEAD FORAGING ON SHOALGRASS RHIZOME BIOMASS 

IN THE LAGUNA MADRE OF TEXAS 

 

 Approximately 75% of all redheads (Aythya americana) winter in the 

Laguna Madre of Texas and Mexico (Weller 1964, Roetker 2003).  In addition to 

this concentrated distribution, the diet of redheads wintering in the Laguna Madre 

is comprised of 70–92 % shoalgrass (Halodule wrightii) rhizomes (Koenig 1969, 

McMahan 1970, Cornelius 1977, Marsh 1979, Woodin 1996).  Although the 

reliance of redheads on a single food source within a narrow geographical range 

simplifies management objectives, it predisposes the continental redhead 

population to inauspicious consequences should the shoalgrass resource 

become depleted or degraded throughout the Laguna Madre.  A reduction in 

carrying capacity could lead to an overall population decline or a population shift 

to other parts of the wintering range such as the Apalachee Bay of Florida or the 

Chandeleur Sound of Louisiana.  Historically, redheads have abandoned 

wintering areas such as the Chesapeake Bay system and the Laguna Madre de 

Tamaulipas (Mexico) when their preferred food source (submerged aquatic 

vegetation) was depleted (Perry et al. 1981, Saunders and Saunders 1981).   

Due to these previous or potential distribution changes in the continental redhead 

population, it is important to understand the dynamics of shoalgrass meadows in 

the Texas Laguna Madre.

 
This dissertation follows the style of the Journal of Wildlife Management 

1



   2
  
 

 
 The distribution and abundance of shoalgrass within the Texas Laguna 

Madre has declined significantly since the 1950’s (Quammen and Onuf 1993).  

Although shoalgrass coverage increased in the upper Laguna Madre by 66% 

from 1967 to 1976 and an additional 29% from 1976 to 1988, coverage has 

declined 3.8% between 1988 and 1994, as a result of brown tide that began in 

1990 (Dunton 1996, Onuf 1996).  The lower Texas Laguna Madre has 

experienced drastic losses of shoalgrass distribution.  Total area of shoalgrass 

coverage in this region has decreased from 550 km2 to 220 km2 (60%) in less 

than 20 years (Quammen and Onuf 1993).  Overall, 30% of the shoalgrass 

present in the Texas Laguna Madre in the early 1960's is now gone, with much of 

this area is reverting to unvegetated estuarine bottom or invaded by 

manateegrass (Syringodium filiforme) and turtlegrass (Thalassia testudinum) 

(Quammen and Onuf 1993).  One factor influencing this decline is dredging of 

the Gulf Intracoastal Waterway (GIWW) with effects ranging from increased 

turbidity, which increases light attenuation, to complete burial of shoalgrass 

meadows (Mitchell 1991, Onuf 1994).  In addition, moderation of salinity regimes 

occurred after construction of the GIWW and changes continue to occur as 

increasing amounts of freshwater reach the Laguna Madre of Texas from 

agricultural runoff (Onuff 1996).  The altered salinity regime due to runoff and 

freshwater input has enabled plant species less tolerant of hypersaline conditions 

to invade formerly monotypic shoalgrass meadows, as well as increased nutrient 

inputs, which in turn can increase the occurrence of algal blooms (Dunton 1996, 

Allen et al. 1997).  More recently, propeller scarring from recreational boats 
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causes damage to above and below ground tissue and has caused declines in 

shoalgrass coverage in localized areas of the Upper Laguna Madre (Dunton and 

Schonberg 2002).  Herbivory by waterfowl is another factor that may have 

significant impacts on aquatic plant communities.  Consumption of vegetative 

structures, especially reproductive structures of perennial aquatic plant species, 

can reduce growing season biomass (Froelich and Lodge 2000).  The stress 

placed on aquatic plant populations from herbivory, along aforementioned factors 

may have detrimental effects that ultimately alter overall plant abundance and 

distribution.  During the winters of 1987 and 1988, Mitchell et al. (1994) estimated 

that redheads consumed 75% of the shoalgrass biomass in the Laguna Madre 

during winter.  This study also revealed an interesting pattern of grazing by 

redheads, in which high foraging intensities resulted in rhizomal biomass falling 

below a certain threshold level and thus precluded the plant from totally regaining 

lost biomass during the following growing season (April-August).  Additionally, 

lower foraging intensities resulted in biomass being above this threshold allowing 

the meadow to fully recover by the following fall.  In addition they showed that 

approximately one-third of the shoalgrass meadows were grazed below the 

recovery threshold level in 1987-88 but not 1988-89, one-third was grazed below 

the recovery threshold in 1988-89, but not in 1987-88, and one-third was grazed 

below the recovery threshold in both winters.  The consequence of this rotation is 

that one-third of the shoalgrass meadows encountered by redheads by the 

following October would provide little or no food because of 2 winters of 

consecutive high foraging intensity.  Another third of the shoalgrass meadows 
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would have been subject to high foraging intensities only in the previous winter 

and therefore would have moderate rhizome biomass and limited foraging 

opportunities.  The final third of shoalgrass meadows would provide relatively 

abundant resources as a result of being lightly grazed during the previous winter.  

According to this prediction, only one-third of the shoalgrass meadows in the 

Laguna Madre would provide optimal foraging habitat for redheads in a given 

year. 

      Based on Gulf Coast Redhead surveys flown annually by the U.S. Fish 

and Wildlife Service, Mitchell et al. (1994) conducted their research when the 

wintering redhead population in the Laguna Madre was estimated at 263,000 

birds.  This estimate was approximately 49% of the population size in the initial 

year of this study.  Thus, reduction in rhizome biomass and reduced area of 

optimal foraging that had occurred at the time of relatively low population levels 

suggest that increased numbers of redheads using this system could deplete 

resources to a point where birds face food shortages during winter.  Potential 

consequences associated with a reduction in food resources include a decrease 

in overwinter survival and a reduction in physiological condition, which could 

impair reproduction the following spring (Ankney and MacInnes 1978, Haramis et 

al. 1986, Heitmeyer 1988).  A response by redheads may be to disperse to other 

wintering areas such as the Apalachee Bay of Florida, Chandeleur Sound of 

Louisiana, or the Laguna Madre of Tamaulipas; however, these areas may pose 

several dilemmas.  In order for redheads to utilize shoalgrass habitat in Florida 

they would have to extend their migration routes a considerable distance from 
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major breeding and postbreeding areas, which would place a greater energetic 

demand on the population.  Additionally, many of the shoalgrass meadows in 

Florida are located in deep water, which would require redheads to expend more 

energy to dive in order to obtain rhizomes (Stephenson et al. 1989, Michot 2000).  

While the Laguna Madre of Tamaulipas in Mexico is not as far from the breeding 

grounds as Florida it does require migration farther south than the Texas Laguna 

Madre.  In Louisiana, patch size of shoalgrass meadows is small (<20 m2) as 

compared to the Laguna Madre of Texas where patch size is > 100 m2 (Onuf 

1996, Michot 2000) and thus foraging efficiency probably plays a large role in 

wintering area selection.   Further, because of impacts from Hurricane Katrina in 

2005, the status of shoalgrass meadows associated with the Chandeleur Islands 

in Louisiana is uncertain.  Other concerns with these alternate wintering areas 

include the availability of shoalgrass resources to support increased redhead 

populations.  The Laguna Madre of Tamualipas alone has lost 62% of its 

shoalgrass biomass since 1975 (Woodin and Michot 2002) while the vegetation 

composition of the Chandeleur Sound and Apalachee Bay are comprised of only 

20% and 59% shoalgrass, respectively (Iverson and Bittaker 1986, Michot et al. 

1994, Michot 2000).    

 Redhead populations have increased significantly since the late 1980's, 

and have achieved record numbers in recent years according to breeding pair 

surveys (Wilkins and Otto 2000).  Therefore, there is a need to determine if the 

Laguna Madre can continue to sustain the majority of the continent’s redhead 

population into the foreseeable future.  Moreover, an understanding of the effects 
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of grazing on the annual availability of shoalgrass rhizomes must be achieved for 

different population sizes of redheads. Examining the effects of redhead grazing 

on shoalgrass rhizomal biomass at a time when redhead populations are well 

above the long-term average would enable a clearer understanding of this plant-

herbivore interaction.  Therefore my objectives were to 1) estimate the reduction 

of shoalgrass rhizome biomass attributable to redhead grazing in the Texas 

Laguna Madre under relatively high populations, 2) determine spatial and 

temporal distributions and abundance of redheads throughout the Texas Laguna 

Madre, 3) investigate if shoalgrass resources are sufficient to energetically 

sustain current redhead populations, and 4) estimate the population of redheads 

that could be supported by current shoalgrass abundance. 
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STUDY AREA 

 
 This study was conducted throughout the Laguna Madre of Texas (Fig. 1). 

The Laguna Madre is a hypersaline lagoon located along the Gulf Coast of Texas 

and extends approximately 200 km from Corpus Christi Bay south to the Rio 

Grande delta with a width from 5 to 8 km wide and a mean water depth of <1m.  

The lagoon is separated into 2 areas known as the upper and lower Laguna 

Madre with both regions bordered on the east by Padre Island, a barrier island, 

and on the west by the mainland (Hedgepeth 1947, Pulich 1980).  Salinities 

generally average around 35 ppt but can vary seasonally and may be >50 ppt 

(McMahan 1968).  Approximately 75% of the bay is covered by seagrasses with 

shoalgrass dominating the upper region.  Other species that commonly occur in 

the Laguna Madre are turtlegrass, manateegrass, and Gulf halophila (Halophila 

engelmannii) (Onuf 1996).  Bathymetry within the Laguna Madre of Texas 

indicates that the lagoon has a smooth, centrally sloping floor on the eastside 

with deeper basins located on the western side (Brown et al. 1980).  Water levels 

within the lagoon are primarily affected by wind driven tides and range from 0.3 

to 1.2 m based on wind velocity and fetch (Rusnak 1960).  Because of the 

shallow depths, the small tidal fluctuation causes wide variation in the amount of 

inundated area and the amount of shoalgrass that may be available to foraging 

waterfowl.  
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Figure 1. Location of the Laguna Madre Study Area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



    
  
 

METHODS 

 
 Shoalgrass Rhizome Sampling. – I partitioned the Laguna Madre into 10 

sampling zones using natural landmarks and shoalgrass distribution data (Figs. 2 

and 3).  To reduce the area of interest for rhizome sampling, I used spatial data 

layers of seagrass (United States Geological Survey, unpublished data) and 

bathymetry data (United States Army Corps of Engineers, unpublished data) to 

delineate potential foraging area for redheads throughout the Laguna Madre.  

Potential foraging area for redheads was defined by water depth ≤ 30 cm 

(Mitchell et. al 1992) and dominated by shoalgrass.  Within the potential foraging 

area in each sampling zone, I constructed one exclosure to exclude foraging by 

redheads.  Each exclosure measured 13m x 13m and was made from 2.4m 

treated wooden posts at each corner and one support post at the middle of each 

side.  Orange, plastic construction fencing (8.89 x 3.81 cm mesh) was erected 

and attached to each post with the fencing extended above and below the 

surface of the water to prevent access by redheads.  However, fencing did not 

reach the substrate so as not to inhibit access by other organisms that may also 

influence shoalgrass biomass.  The use of wide-mesh construction fencing was 

chosen to enable natural flow of water and to prevent concentration of algae.  

Each exclosure was randomly placed within the potential foraging area in each 

zone in order to sample rhizome biomass in the absence of redhead foraging.  

Sampling protocol consisted of removing 10 cores along a transect perpendicular 

to the shore within each exclosure during each month.  Sample cores were 
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Figure 2. Delineation of sampling zones in the upper Laguna Madre, Texas.
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Figure 3. Delineation of 
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sampling zones in the lower Laguna Madre, Texas.
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collected using a 10.2 cm diameter by 10.2 cm depth PVC core sampler as 

described by Onuf et al. (1996).   In year 1 (2000-2001) of the study, I sampled 6 

cores at 10 random points within two 500x500m foraging areas located to the 

north and south of each exclosure.  This methodology however, resulted in 

random points within areas that did not contain shoalgrass (bare or other 

seagrass species) and increased the variability in biomass between points.  

While this method of sampling would allow for the estimation of shoalgrass 

rhizome availability, it was determined that this was not the best sampling 

method in order to investigate the effects of redheads on rhizome reduction, 

since redheads would not forage in areas devoid of shoalgrass (Mitchell et 

al.1994).  In years 2 (2001-2002) and 3 (2002-2003) of the study, rhizome 

biomass was sampled each month from 4 cores along each of 15 transects 

within each zone.  Each transect was randomly placed within the delineated 

shoalgrass distribution within each zone in order to sample from representative 

foraging areas.  During the first sampling period, cores were sampled along the 

transect line and at 5m intervals to the north and parallel to transects during each 

successive sampling period to prevent sampling in the same location in 

subsequent sampling periods.  In each year, transects and exclosures were 

sampled before arrival of redheads (early October), monthly during the period of 

redhead presence (each month from November-February), and after the 

departure of redheads (mid-late March).  All core samples were placed in zip-lock 

bags that were pre-labeled with date, sampling zone number, transect number, 

and core number.  Sample bags were placed in a cooler and transported to the 
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Texas A&M-Kingsville laboratory for processing.  Once in the laboratory, samples 

were hand washed in 1.5mm sieves to remove all sediment and non-shoalgrass 

material.  Vegetative material was placed in processing pans and live shoalgrass 

rhizomes were separated from above-ground material (shoots) and roots.  

Shoalgrass rhizomes were placed into pre-labeled laboratory tins and dried to 

constant mass in a drying oven at 60°C (~48-72 h). Samples were then weighed 

(0.01g) to obtain dry biomass from each sampled core.  All samples were 

converted to g/m2 by multiplying by 123.35.  Regression analysis was used to 

determine trends in shoalgrass biomass during winter for both exclosed and 

foraging areas.  Rhizome biomass available to redheads prior to redhead arrival 

(October) and biomass available after departure (March) was computed by 

multiplying the area of available shoalgrass (from USGS seagrass distribution 

data) by the mean foraging area biomass recorded from core samples.  

Proportion of biomass loss within each sampling zone was calculated by dividing 

the change in biomass from October to March by the total biomass loss 

throughout the Laguna Madre.  Rhizome biomass loss attributable to redheads 

was estimated by first determining the percentage of biomass lost in each 

exclosure (e.g., natural loss) and then correcting the total biomass loss in each 

sampling area by multiplying by the percentage of loss due to redhead foraging 

(1-natural loss).     

 Distribution and Abundance of Redheads.– Spatial and temporal 

distributions of redheads throughout the Laguna Madre were determined by 

weekly aerial surveys from early October to redhead departure in March of each 
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year.  Surveys were flown using a Cessna 152 at an altitude of 200m and an 

average flight speed of 100 km/hr.  Surveys were initiated at sunrise to coincide 

with peak foraging time of redheads (Mitchell et al. 1992); therefore, the majority 

of redheads were assumed to be on the Laguna Madre at this time.  However, 

surveys were delayed 1 or 2 hours on 10 of 79 surveys due to fog.  Flight paths 

varied slightly among surveys and were dependent on water levels as certain 

areas become usable (≤ 30cm) or unusable during different times of year.  The 

survey team flew from flock to flock as encountered and the location of each flock 

(i.e., sampling zone and area within zone) along with the number of redheads in 

each flock were recorded.   

 Energetic Sustainability of the Laguna Madre.– In order to determine if the 

shoalgrass rhizome availability in the Laguna Madre of Texas is capable of 

energetically supporting current redhead populations, I used the TRUEMET 

energy model (Central Valley Joint Venture Implementation Plan 2006).  

TRUEMET is a stochastic bioenergetic model used to estimate carrying capacity 

for waterfowl populations.  In this study, the model estimated the true 

metabolizable energy (TME) supplied by the Laguna Madre and the energy 

required by varying redhead populations.  TME is a measurement of the 

metabolizable energy derived from shoalgrass rhizomes and is expressed as 

kcal/gram. The parameters included in the model consisted of the average 

starting (October) shoalgrass biomass (g/m2) for each year, usable foraging area 

estimates based on shoalgrass meadows inundated <30cm, monthly redhead 

abundance (from my aerial surveys), TME of shoalgrass rhizomes (Petrie et 
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al.1998), and daily energy requirements of an individual redhead (Miller and 

Eadie 2006).  The average starting biomass was computed by averaging the 

biomass from each core sample taken at each transect within foraging areas 

throughout the Laguna Madre prior to redhead arrival (October).   

 Usable foraging area estimates were calculated based on the 1) optimal 

foraging depth of < 30 cm, 2) digitized seagrass distribution data, and 3) digitized 

bathymetry data as described above.  I measured water levels during shoalgrass 

sampling each month and used these measurements to standardize the digitized 

bathymetry data.  This standardization involved adjusting the bathymetry data 

with the mean deviation between all water level points (transects) and the 

bathymetry grid value within each sampling zone. Total usable area was then 

calculated for the entire Laguna Madre each month.   

 The model was run using a TME value of 2.0 kcal/g for shoalgrass 

rhizomes calculated by a regression equation of known values of TME and fiber 

values of similar waterfowl foods (Petrie et al. 1998).  I determined crude fiber  

(14.25%) from running nutrient detergent fiber analysis on 10 samples of 

shoalgrass rhizomes.  Energy estimates for daily redhead requirements was 

calculated using Energy = 3* basal metabolic rate (BMR) which includes energy 

needed for daily activities and where BMR (kcal/day) = 103.59*(body mass)0.785   

(Miller and Eadie 2006).  Body mass for redheads was calculated monthly by 

averaging values from collected birds.  The model calculated total energy 

supplied from available shoalgrass rhizomes by multiplying the total usable 

foraging area (m2) by the average October biomass across all sampling points 
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(g/m2) and the TME value for shoalgrass (kcal/g).  Monthly energy demand by 

redheads in the Laguna Madre was modeled as (number of redhead-use-days) * 

(daily energy requirement for 1 redhead) * (30 days).  The number of redhead 

use-days for each sampling zone was calculated by summing the number of 

redheads in each zone for each survey and multiplying by the number of days 

between survey mid-points and summing by month. 

 In addition to the TRUMET model, a carrying capacity model developed by 

Michot (1997) was used with data collected during my study.  The model used 

the following parameters: 1) mean redhead stay, 2) total shoalgrass habitat, 3) 

shoalgrass rhizomal biomass, 4) redhead consumption rate, 5) winter 

consumption rate, 6) usable shoalgrass habitat and 7) carrying capacity.  The 

equations used to calculate each parameter are as follows: 

1) Mean redhead stay (days) = Total redhead use days/ Average peak population 

2) Total shoalgrass habitat (m2)= 168762400 

3) Shoalgrass rhizomal biomass (g/ m2) = mean biomass estimate – 10 g/m2  

    (unusable shoalgrass, Mitchell et al. 1994) 

4) Redhead consumption rate (g/bird/day) = 55.5 (Michot 1997) 

5) Winter consumption rate (g/ bird)=  Mean redhead stay (1) * Redhead  

    consumption rate (4) 

6) Usable shoalgrass habitat (g) = Shoalgrass rhizomal biomass (3) / redhead  

    consumption rate (4) 

7) Carrying capacity (birds/winter) = Usable shoalgrass habitat (6) / winter  

    consumption rate (5) 
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  Statistical Analyses.–  I used an independent sample t-test in SPSS 8.0 

(SPSS Inc. 1999) to test for differences in rhizome biomass for exclosures and 

transects between sampling zones. Differences in linear trends of rhizome 

drymass between treatments within each sampling zone in Year 1 were tested 

using a general linear model (PROC GLM, SAS Institute Inc. 1999) because 

different sampling points were sampled each month; however, I used PROC 

MIXED (SAS Institute, Inc. 1999) to test for difference in trends during Years 2 

and 3. This was a repeated measures model assuming a linear relationship with 

an autoregressive covariance structure of order 1 which tested for equality of 

slopes between each treatment.  

 
 

 



  

RESULTS 

 
Shoalgrass Rhizome Biomass 

 I collected and processed 11,620 shoalgrass core samples from the 

Laguna Madre during early-November 2000 to mid-March 2001 (Year 1), and 

mid-October to mid-March 2001–2002 (Year 2), 2002–2003 (Year 3).  However, 

due to abnormally low water levels in sampling zone 6 in February of year 1, I 

was not able to collect samples in that zone.  Additionally, due to an airboat 

breakdown, sampling zones 1, 2, and 3 were not sampled in November of year 2.  

Initial biomass of shoalgrass rhizomes.– There was considerable 

variability in initial rhizome biomass among sampling zones during each year of 

study within exclosures (F9,90  ≥ 20.57, P < 0.001) and within the foraging areas 

(F9,590≥ 20.57, P < 0.001).  Each year, initial biomass in exclosures ranged from  

< 10 g/m2   to > 120 g/m2 across sampling zones (Table 1).  Within foraging 

areas, initial biomass ranged from < 19 g/m2 to > 51g/m2 across sampling areas. 

Trends within sampling zones.–  In year 1, rhizome biomass within 

foraging areas declined (P ≤ 0.032) from early November to mid-March in zones 

1, 7, and 9, with decreases of 51, 72, and 33 % occurring, respectively. However, 

zone 5 exhibited a 30% increase in rhizome biomass during the same period 

(Table 2).  Rhizome biomass inside exclosures declined (P ≤ 0.017) in zones 1 

(80%), 4 (48%), 7 (30%), 8 (77%), and 9 (29%), but zones 2 and 10 increased  

(P ≤ 0.041) in biomass (Table 3).  Shoalgrass rhizome biomass declined at a 

greater rate (P ≤ 0.046) within exclosures than in  foraging areas in zones 1, 4, 

and 8 (Figs. 4 and 5).  This counterintuitive result is likely due to an
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Table 1.  Initial (October) shoalgrass rhizome biomass in exclosures and foraging 

areas within 10 sampling zones in the Laguna Madre, Texas 2000, 2001, 2002. 

Year ZONE Mean Exclosure Biomass 
(g/m2) (n=10) 

Mean Transect Biomass 
(g/m2) (n=60) 

1 1 52.17 31.68 
 2 37.00 47.98 
 3 51.93 51.58 
 4 138.89 48.66 
 5 16.89 17.68 
 6 13.32 12.79 
 7 9.49 15.54 
 8 63.89 11.74 
 9 51.68 43.93 
 10 60.81 43.05 

2 1 59.03 73.49 
 2 88.18 86.64 
 3 31.65 45.08 
 4 161.51 98.87 
 5 25.59 34.73 
 6 9.16 17.51 
 7 11.27 10.67 
 8 62.02 42.29 
 9 32.37 45.81 
 10 53.19 56.49 

3 1 10.18 54.56 
 2 57.70 35.85 
 3 35.42 42.43 
 4 84.95 80.91 
 5 124.73 37.19 
 6 6.75 23.61 
 7 46.33 18.13 
 8 20.46 28.99 
 9 30.14 37.03 
 10 52.09 63.17 
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Table 2.  Difference in shoalgrass rhizome biomass within redhead foraging 
areas of 10 sampling zones in the Laguna Madre of Texas, 2000– 2001. 
ZONE Mean Biomass (g/m2) 

(n=60 cores per zone) 
% Change in Biomass1

 
P-value2

 November March   
1 31.68 15.46 -51 0.0151* 

2 47.98 59.33 +24 0.4061 

3 51.58 46.79 -9 0.3346 

4 48.66 36.57 -25 0.8880 

5 17.68 23.04 +30 0.0064* 

6 12.79 19.98 +56 0.1167 

7 15.54 4.29 -72 0.0001* 

8 11.74 6.87 -41 0.3921 

9 43.93 29.56 -33 0.0315* 

10 43.05 55.13 +28 0.1420 
1 - = decrease  + = increase; 2 * indicates significance in trend at P < 0.05 
 
 
Table 3.  Difference in shoalgrass rhizome biomass inside exclosures, where 
redheads were excluded, within 10 sampling zones in the Laguna Madre of 
Texas, 2000– 2001.                                       
ZONE Mean Biomass (g/m2) 

(n=10 cores per zone) 
% Change in Biomass1

 
P-value2

 November March   
1 52.17 10.61 -80 0.0001* 

2 37.00 78.32 +112 0.0004* 

3 51.93 41.19 -21 0.5369 

4 138.89 72.89 -48 0.0019* 

5 16.89 18.25 +8 0.7328 

6 13.32 12.46 -6 0.8151 

7 9.49 6.66 -30 0.0167* 

8 63.89 14.43 -77 0.0001* 

9 51.68 36.63 -29 0.0002* 

10 60.81 72.89 +20 0.0413* 
1 - = decrease  + = increase    2 * indicates significance in trend at P < 0.05
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inappropriate sampling design in year 1.   

 In year 2, shoalgrass rhizome biomass declined from October to March 

within foraging areas in zones 1-4, 7, and 8 ranging from a decline of 61% in 

zone 7 to 82% in zone 2 (Table 4).  Rhizome biomass within exclosures also 

declined in zones 1,2,4, and 8; however, zone 5 increased in biomass (Table 5).  

Rate of shoalgrass reduction was greater along transects than in exclosures in 5 

of the 10 zones (Figs. 6 and 7).     

 In year 3, shoalgrass rhizome biomass along transects declined in all 

sampling zones, except zone 8 (Table 6).  Rhizome biomass reduction ranged 

from 37% in zone 6 to 98% in zone 3 (Table 6).  Rhizome biomass within 

exclosures also declined in zones 2,3,4,5,and 10 and increased in zone 9 (Table 

7).   Redheads appeared to influence rhizome availability in zones 1, 6, 7, 8, and 

9, as comparison of rates of rhizome reduction were greater along transects than 

in exclosures (Figs. 8 and 9).   

 Available shoalgrass rhizome biomass and biomass loss.–  Due to the 

sampling design in year 1, the proportion of biomass reduction in each sampling 

zone was not calculated for this year.  However, based on the aerial coverage of 

shoalgrass within each sampling zone, I was able to determine the usable 

foraging area which was assumed to be constant across all years.  Usable 

foraging area varied from 639.8 ha in zone 1 to 3,529.4 ha in zone 9 

(Table 8).  In year 2, reduction of rhizome biomass from October to March 

throughout the Laguna Madre was calculated to be 4,344 metric tons (58%) 

(Table 8).  I estimated that redheads accounted for 2,489 metric tons of rhizome 
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Figure 4.  Comparison of trends in shoalgrass rhizome biomass (g/m2) be een exclosures and transects in  
                 sampling zones 1-6 in the Laguna Madre, 2000 –2001. 
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P = 0.2198 

Figure 5.  Comparison of trends in shoalgrass rhizome biomass (g/m2) between exclosures and transects in  
sampling zones 7–10 in the Laguna Madre, 2000–2001. 
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Table 4.  Differences in shoalgrass rhizome biomass along transects, where 
redheads were allowed to forage, within 10 sampling zones in the Laguna Madre 
of Texas, 2001– 2002. 
ZONE Mean Monthly Biomass 

(g/m2) (n=10) 
% Change in Biomass1

 
P-value2

 October March   
1 73.49 14.45 -80 0.0001* 

2 86.64 15.99 -82 0.0001* 

3 45.08 11.73 -74 0.0001* 

4 98.87 27.39 -72 0.0001* 

5 34.73 19.19 -45 0.0679 

6 17.51 11.87 -32 0.1241 

7 10.67 4.19 -61 0.0030* 

8 42.29 11.12 -74 0.0001* 

9 45.81 35.76 -22 0.0617 

10 56.49 43.25 -23 0.2440 
1 - = decrease  + = increase; 2 indicates significance in trend at P < 0.05 
 
 
Table 5.  Differences in shoalgrass rhizome biomass inside exclosures, where 
redheads were excluded, within 10 sampling zones in the Laguna Madre of 
Texas, 2001– 2002. 
ZONE Mean Monthly Biomass 

(g/m2) (n=10) 
% Change in Biomass1

 
P-value2

 October March   
1 59.03 0.33 -99 0.0001* 

2 88.18 46.81 -47 0.0001* 

3 31.65 20.16 -36 0.2468 

4 161.51 37.48 -77 0.0001* 

5 25.59 59.36 +132 0.0001* 

6 9.16 7.39 -19 0.6843 

7 11.27 12.61 +12 0.6642 

8 62.02 8.41 -86 0.0001* 

9 32.37 41.69 +29 0.1992 

10 53.19 70.71 +33 0.0963 
1 - = decrease  + = increase; 2 * -indicates significance in trend at P < 0.05
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Figure 6.  Comparison of trends in shoalgrass rhizome biomass (g/m2) between exclosures and transects in  
sampling zones 1–6 in the Laguna Madre, 2001–2002. 
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P = 0.0302

Figure 7.  Comparison of trends in shoalgrass rhizome biomass (g/m2) between exclosures and transects in  
sampling zones 7–10 in the Laguna Madre, 2001–2002. 
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Table 6.  Differences in shoalgrass rhizome biomass along transects, where 
redheads were allowed to forage,  within 10 sampling  zones in the Laguna 
Madre of Texas, 2002– 2003 . 
ZONE Mean Monthly Biomass 

(g/m2) (n=60) 
% Change in Biomass1

 
P-value2

 October March   
1 54.56 20.00 -63 0.0001* 

2 35.84 1.74 -95 0.0001* 

3 42.43 0.75 -98 0.0001* 

4 80.91 15.21 -81 0.0001* 

5 37.19 17.55 -53 0.0072* 

6 23.61 14.79 -37 0.0059* 

7 18.13 3.55 -80 0.0001* 

8 28.98 19.72 -32 0.0946 

9 37.03 9.39 -75 0.0001* 

10 63.17 33.02 -48 0.0007* 
1 - = decrease  + = increase   2 * -indicates significance in trend at P < 0.05 
 
Table 7.  Trends in shoalgrass rhizome biomass inside exclosures, where 
redheads were excluded, within 10 sampling zones in the Laguna Madre of 
Texas, 2002– 2003 . 

ZONE Mean Monthly Biomass 
(g/m2) (n=10) 

% Change in  Biomass1

 
P-value2

 October March   
1 10.18 4.89 -52 0.5199 

2 57.70 0.98 -98 0.0001* 

3 35.42 0.69 -98 0.0002* 

4 84.95 8.41 -90 0.0001* 

5 124.73 87.79 -30 0.0005* 

6 6.75 10.25 +52 0.2142 

7 46.33 33.32 -28 0.8429 

8 20.46 38.94 +90 0.0862 

9 30.14 52.09 +73 0.0001* 

10 52.09 15.56 -70 0.0002* 
1 - = decrease  + = increase 2 * -indicates significance in trend at P < 0.05 
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Figure 8.  Comparison of trends in shoalgrass rhizome biomass (g/m2) between exclosures and transects in 
sampling zones 1–6 in the Laguna Madre, 2002–2003. 
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Figure 9.  Comparison of trends in shoalgrass rhizome biomass (g/m2) between exclosures and transects in  
sampling zones 7–10 in the Laguna Madre, 2002–2003. 29

         
 

 



          

         
 

30

 

  

Table 8.  Area of shoalgrass coverage estimated by digitized seagrass data (U.S. Geological Survey, unpublished data), 
extrapolated estimates of shoalgrass rhizome biomass (drymass) during October 2001 and March 2002, and estimated 
reduction in rhizome biomass from redhead foraging within 10 sampling zones in the Laguna Madre, Texas. 
 

Zone Available
Shoalgrass 

(ha) 

% of Available 
Foraging Area 

Mean October 
Biomass  

(metric ton) 

Mean March 
Biomass 

(metric ton) 

Percent of 
Biomass 
reduction  

Biomass reduction 
due to redhead 

foraging 
 (metric ton) 

1       639.81 4 470 93 8.7 2

2       

       

       

       

       

       

       

       

       

       

2,199.84 13 1,910 352 35.9 825

3 2,341.92 14 1,060 275 18.0 497

4 473.54 3 468 130 7.8 79

5 1,113.04 6 387 214 4.0 173

6 1,161.97 7 203 138 1.5 53

7 3,242.95 19 346 136 4.9 28

8 1,054.1 6 446 117 7.6 329

9 3,529.42 21 1,620 1,260 8.2 355

10 1,119.68 7 633 484 3.4 148

TOTAL 16,876.27 100 7,543 3,199 100 2,489
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reduction or 33% of the initial available rhizome biomass during year 2 (Table 8). 

The smallest proportion of this reduction occurred in zone 5 (4%) and the largest 

in zone 2 (35.9%) with zones 2 and 3 representing 54% of the total biomass 

reduction (Table 8).   

 In year 3, rhizome biomass was reduced by 73% (4,467 metric tons) from 

October to March with zones 2, 3, and 9 representing 61% of the total biomass 

loss (Table 9).  Thirty-six percent of the overall shoalgrass rhizome reduction 

during winter was related to redhead foraging.  This accounted for 1,598 metric 

tons of rhizomes, or 26% of the initial shoalgrass biomass (Table 9). 
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Table 9. Area of shoalgrass coverage estimated by digitized seagrass data (U.S. Geological Survey, unpublished data), 
extrapolated estimates of shoalgrass rhizome biomass (drymass)during October 2002 and March 2003, and estimated 
reduction in rhizome biomass from redhead foraging within 10 sampling zones in the Laguna Madre, Texas.  
 
Zone Available

Shoalgrass  
(ha) 

% of Available 
Foraging Area 

Mean October 
Biomass 

 (metric ton) 

Mean March 
Biomass 

(metric ton) 

Percent of 
Biomass 
reduction  

Biomass reduction 
due to redhead 

foraging  
(metric ton) 

1       639.81 4 349 128 5.0 106

2       

       

       

       

       

       

       

       

       

       

2,199.84 13 789 38 17.0 13

3 2,341.92 14 994 18 22.0 19

4 473.54 3 383 72 7.0 31

5 1,113.04 6 414 195 5.0 154

6 1,161.97 7 274 172 2.0 103

7 3,242.95 19 588 115 11.0 473

8 1,054.1 6 306 208 2.0 70

9 3,529.42 21 1,310 331 22.0 291

10 1,119.68 7 707 370 8.0 338

TOTAL 16,876.27 100 6,114 1,647 100 1,598
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 Redhead Abundance and Distribution 

 A total of 79 aerial surveys to monitor abundance and distribution of 

redheads were conducted throughout the Laguna Madre from October to March 

2000-01, 2001-02, and 2002-03.  Peak winter counts occurred on or before 2 

December in all years with a range of 313,590 in year 2 to 434,665 in year 3 (Fig. 

10).  Flock sizes ranged from 10-300,000 redheads.  A mid-winter decline in the 

number of redheads recorded occurred from early December until early January 

in all years; however, the decline was not as pronounced in year 3 (Fig. 10).   

Redhead counts declined significantly by mid-March as most redheads had 

departed for northern breeding grounds. 

 Redheads were observed in all sampling zones in all years. Total 

redhead-use-days (RUDs) for the entire Laguna Madre were 213.2 x 106 in year 

1, 208.2 x 106 in year 2, and 432.6 x 106  in year 3.  However, based on total 

RUDs per ha of available shoalgrass and RUDs per kilogram of available 

shoalgrass rhizome biomass, biomass within some zones was effected more 

than in others (Tables 10, 11, 12).  Extrapolation of shoalgrass rhizome biomass, 

using biomass estimates from transects within sampling zones, ranged from 1.30 

x 108 to 1.57 x 109 in year 1 (Table 10), 2.03 x 108 to 1.91 x 109 in year 2 (Table 

11), and 2.74 x 108 to 1.31 x 109 in year 3 (Table 12).  Based on the number of 

RUDs per kilogram of available shoalgrass, sampling zones 1, 8, and 10 were 

affected the most by redhead foraging in years 1 and 2 and sampling zones 1, 2, 

and 7 in year 3.   
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Figure 10. Total abundance of redheads in the Laguna Madre of Texas, 2000–01, 2001–02, 2002–03. 34

 
 

 



    
   
 

 

Table 10. Total redhead use days (RUDs), RUDs per hectare of available shoalgrass and RUDs per kilogram of available 
shoalgrass within 10 sampling zones in the Laguna Madre of Texas, 2000–2001. 
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 Zone Total Area
(ha) 

 Available Shoalgrass 
Area (ha) 

Mean October 
Biomass (g/m2)

Extrapolated 
October 

Biomass (g) 

RUDs 
(X100,000)

RUDs/ha  RUDs/kg 

        
1 13,197.29       639.81 32.07 2.05E+08 58.5 9,143.34 28.5
              
2 12,022.45       2,199.84 48.10 1.06E+09 10.8 490.94 1.0
              
3 5,725.15       2,341.92 51.81 1.21E+09 8.1 345.87 0.7
              
4 7,325.87       473.54 48.10 2.28E+08 10.2 2,153.99 4.5
              
5 3,491.51       1,113.01 17.27 1.92E+08 0.2 17.97 0.1
              
6 5,641.13       1,161.97 12.33 1.43E+08 1.0 86.06 0.7
              
7 13,452.63       3,242.95 16.03 5.20E+08 24.6 758.57 4.7
              
8 3,054.12       1,054.10 12.33 1.30E+08 60.0 5,692.06 46.1
              
9 15,741.26       3,529.42 44.40 1.57E+09 9.5 269.17 0.6
              

10 7,745.45       
       

       

1,119.68 43.17 4.83E+08
 

30.3 2,706.13 6.3

TOTAL 87,396.86 16,876.24 - 5.74E+09 213.2 - -

 
 

 



  

Table 11. Total redhead use days (RUDS), RUDS per hectare of available shoalgrass and RUDS per kilogram of 
available shoalgrass within 10 sampling zones in the Laguna Madre of Texas, 2001–2002. 
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 Zone Total Area
(ha) 

 Available Shoalgrass 
Area (ha) 

Mean October 
Biomass (g/m2)

Extrapolated 
October 

Biomass (g) 

RUDs 
(X100,000)

RUDs/ha  RUDs/kg 

        
1 13,197.29       639.81 73.49 4.70E+08 49.4 7,721.04 10.5
              
2 12,022.45       2,199.84 86.64 1.91E+09 11.9 540.95 0.6
              
3 5,725.15       2,341.92 45.08 1.06E+09 2.6 111.02 0.2
              
4 7,325.87       473.54 98.87 4.68E+08 7.8 1,647.17 1.7
              
5 3,491.51       1,113.01 34.73 3.87E+08 0.8 71.88 0.2
              
6 5,641.13       1,161.97 17.50 2.03E+08 1.8 154.91 0.9
              
7 13,452.63       3,242.95 10.67 3.46E+08 24.7 761.65 7.1
              
8 3,054.12       1,054.10 42.30 4.46E+08 76.1 7,219.43 17.1
              
9 15,741.26       3,529.42 45.81 1.62E+09 11.8 334.33 0.7
              

10 7,745.45       
       

      

1,119.68 56.49 6.33E+08
 

21.3 1,902.33 3.4

TOTAL 87,396.86 16,876.24 - 8.63E+09 208.2 - - 
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 Zone Total Area
(ha) 

 Available Shoalgrass 
Area (ha) 

Mean October 
Biomass (g/m2)

Extrapolated 
October 

Biomass (g) 

RUDs 
(X100,000)

RUDs/ha  RUDs/kg 

Table 12. Total redhead use days (RUDS), RUDS per hectare of available shoalgrass and RUDS per kilogram of 
available shoalgrass within 10 sampling zones in the Laguna Madre of Texas, 2002–2003. 
 

        
1 13,197.29       639.81 54.56 3.49E+08 40.6 6,345.63 11.6
              
2 12,022.45       2,199.84 35.84 7.89E+08 65.9 2,995.67 8.4
              
3 5,725.15       2,341.92 42.43 9.94E+08 81.2 3,467.24 8.2
              
4 7,325.87       473.54 80.91 3.83E+08 13.1 2,766.40 3.4
              
5 3,491.51       1,113.01 37.20 4.14E+08 20.9 1,877.79 5.0
              
6 5,641.13       1,161.97 23.62 2.74E+08 2.14 184.17 0.8
              
7 13,452.63       3,242.95 18.13 5.88E+08 65 2,004.35 11.1
              
8 3,054.12       1,054.10 28.99 3.06E+08 7.24 686.84 2.4
              
9 15,741.26       3,529.42 37.03 1.31E+09 104 2,946.66 8.0
              

10 7,745.45       
       

       

1,119.68 63.18 7.07E+08
 

32.5 2,902.62 4.6

TOTAL 87,396.86 16,876.24 - 7.12E+09 432.58 - -
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 In years 1 and 2, small flock sizes were observed early (October) in the 

upper Laguna Madre and large abundance of redheads did not occur until early 

November.  Most redheads were observed in Zone 1 from the JFK Causeway 

south to Bird Island Basin, in zone 2 from the mouth of Baffin Bay to Yarborough 

Pass and zone 3 in the upper area of Nine-Mile Hole. Few observations were 

made west of the GIWW, which is likely due to relatively greater water depths 

and lower shoalgrass availability along this shoreline.  In the lower Laguna Madre 

redheads were recorded primarily west of the GIWW in zones 8 (Peyton’s Bay) 

and zone 10 (Rattlesnake Bay down to Laguna Vista Bay) and east of the GIWW 

in zone 7 (eastern flats from Port Mansfield Channel south to Green Island).  

Zone 5 received the lowest number of RUDs for both years.  In year 3, 

distribution patterns were different than the previous 2 years with redhead 

abundances in the upper Laguna Madre occurring in early November in the 

areas from the JFK causeway to Bird Island Basin (Zone 1) and in the upper 

portion of Nine-Mile Hole (Zone 3).  Redhead use adjacent to the mouth of Baffin 

Bay and south to Middle Ground (Zone 2) increased from early February to mid-

March.  Distribution of redheads in the lower Laguna Madre primarily occurred in 

zones 5, 7, 9, and 10 with redhead use of zone 8 occurring from October to early 

November and again from late January until March.  Zone 6 received the lowest 

RUDs for the entire Laguna Madre.  The lower Laguna Madre (zones 4-10) 

received the most RUDs throughout winter in all years with 64%, 69%, and 57% 

of the total RUDs occurring there in years 1, 2, and 3, respectively.
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TRUMET Energy Model and Sustainability 

Based on output from the TRUMET energy model, the amount of energy 

supplied by available shoalgrass in the Laguna Madre was capable of supporting 

redhead populations in years 1 and 2 (Figs. 11-12).  However, the large increase 

in the number of redheads wintering in the Laguna Madre in year 3 caused the 

model to predict depleted rhizome resources below the estimated demand (Fig. 

13).  The lowest energy demand occurred in October year 3 (125.17 x 106 kcal) 

and the highest demand occurred in December (3,967.97 x 106 kcal) of the same 

year.  Estimated supply of shoalgrass energy decreased from 9,090.82 x 106 to 

2,045.06 x 106 kcal in year 1, from 15,345.97 x 106 to 7,740.44 x 106 kcal in year 

2, and 12,260.09 x 106 to complete depletion by March in year 3.  Output 

generated from the model also indicates that the existing 16,876 ha of available 

shoalgrass resources could support an average of 300,000 redheads between 

October and March which equates to approximately 54.6 million RUDs.   

 I also calculated carrying capacity using a model developed by Michot 

(1997) for redheads wintering in the Chandeleur Sound of Louisiana.  This model 

uses the variables: average length of stay, area of shoalgrass habitat, usable 

biomass, redhead consumption rate, and usable standing crop of shoalgrass to 

compute the number of redheads the habitat can support each winter.  I used 

data collected during my study to derive the aforementioned variables and 

calculated the carrying capacity for all 3 years of the study.  Based on this model, 

the Laguna Madre of Texas contained ≤ 6.9 x 106 kg of usable shoalgrass 

biomass which would support ≤ 1.8 million redheads during winter. 



  

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

kc
al

 x
 1

06

Demand 125.18 1664.51 1692.84 2432.62 1130.61 328.21
Supply 9090.82 8965.64 7301.13 5608.29 3175.67 2045.06

OCT NOV DEC JAN FEB MAR

 
Figure 11.  Amount of shoalgrass energy (kcal) available (supply) to redheads and energy required (demand) to support 
estimated redhead populations calculated by TRUMET from October to March 2000–01 in the Laguna Madre, Texas.
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Figure 12.  Amount of shoalgrass energy available (supply) to redheads and energy required (demand) to support 
estimated redhead populations calculated by TRUMET from October to March 2001–02 in the Laguna Madre, Texas. 

 

41

 
 



42
  

 
 

0

2000

4000

6000

8000

10000

12000

14000

kc
al

 X
 1

06

Demand 125.17 2394.5 3967.97 3935.07 2989.65 1466.36
Supply 12260.09 12134.92 9740.42 5772.46 1837.39 0

OCT NOV DEC JAN FEB MAR

 
Figure 13.  Amount of shoalgrass energy available (supply) to redheads and energy required (demand) to support 
estimated redhead populations calculated by TRUMET from October to March 2002–03 in the Laguna Madre, Texas.



     
  
 

DISCUSSION 

 
 I found that redheads consume 26% to 33% of the shoalgrass rhizome 

biomass in the Laguna Madre of Texas each winter.  These findings contrast with 

the previous studies of redhead use of shoalgrass in the Laguna Madre, which 

indicated shoalgrass biomass reduction from redhead foraging averaged from 

4% (Cornelius 1977) to 75% (Mitchell et al. 1994).  Cornelius (1977) used 

consumptive rates and total number of redheads using sampling areas to derive 

an estimate of total dry weight of shoalgrass consumed. His estimate of 

shoalgrass consumed was used to calculate the percentage of loss attributable 

to redheads from the total biomass lost.  Because Cornelius (1977) surveyed 

redheads only one day a month from October to March, this could have 

generated lower redhead population estimates and thus would explain his low 

percentage of biomass consumed by redheads.  Mitchell et al. (1994) conducted 

their sampling at a smaller scale (3 sampling areas) and this may have inflated 

their estimates of biomass reduction due to these areas receiving heavier 

redhead use than other areas in the Laguna Madre.  In fact, using my data and 

examining roughly the same sampling areas used by Mitchell et al. (1994), I 

derived a similar value of 68% shoalgrass biomass decline due to redheads.  

Thus, the high estimated reduction in shoalgrass rhizome biomass reported by 

Mitchell et al. (1994) was likely due to sampling in an area that receives use by 

redheads much higher than average throughout the Laguna Madre.  Additionally, 

based on U.S. Fish and Wildlife Service surveys, the redhead wintering 
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population in the Laguna Madre has doubled (from 263,000 to > 530,000) since 

Mitchell’s study.  A depletion rate of 75% would suggest that the Laguna Madre 

could not energetically sustain a two-fold increase in population size.  However, 

based on body composition data (Chapter 2) from redheads collected during this 

study, redheads gained body mass throughout winter suggesting shoalgrass 

resources do not limit this population.  In addition, my data show that redheads 

consumed about half of the rhizome biomass in year 3 (36%) compared to year 2 

(58%), even though redhead abundance was estimated to be considerably 

greater in year 3.  These results are not easily explained except that redheads 

may have been more efficient at obtaining resources in year 3 thus requiring less 

foraging. 

 Redheads wintering in the Laguna Madre of Texas did appear to cause 

localized reductions in shoalgrass rhizome biomass in 2 of the 3 years of this 

study.  However, some sampling zones did not indicate significant rhizomal 

reductions as would have been expected based on redhead use.  When 

comparing trends between shoalgrass rhizome biomass inside exclosures and 

along transects, I expected to record biomass inside of exclosures either 

marginally increasing or remaining stable and biomass along transects to 

decrease at varying rates depending on redhead use.  In year 1, 6 of 10 

sampling zones indicated a reduction in biomass within foraging areas; however, 

biomass within exclosures in all of these zones declined as well, suggesting that 

either exclosures were compromised at some point or other factors besides 

redhead grazing influenced rhizomal biomass.  Some potential influences on 
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biomass reduction may include fish rooting in the substrate for 

macroinvertabrates (Simmons and Breuer 1962), fish directly grazing on below 

ground biomass (Randall 1965) or from natural senescence. However, no 

literature on shoalgrass growth dynamics explaining natural winter senescence 

rates could be found.  Based on total RUDs per kilogram of available shoalgrass, 

zones 1 and 8 should have had the greatest decline in biomass within foraging 

areas; however, in both of these zones biomass declined at a greater rate inside 

exclosures than in foraging areas.  Similar trends within these zones were also 

apparent in year 2.  Dunton (1996) found that below ground biomass of 

shoalgrass declined during winter in the upper portion of the Laguna Madre.  

There was an indication of long-term declines in shoalgrass biomass and density 

during his study, both of which Dunton (1996) attributed to increased light 

attenuation from increased chlorophyll levels.  In year 3, shoalgrass biomass 

decreased along transects in all sampling zones except zone 8, however 

biomass within exclosures also decreased in 5 of the 10 zones.  Redheads were 

not observed in any of these exclosures during surveys, nor was there any other 

indication of redhead foraging (e.g., probe holes), suggesting that other factors 

besides redhead foraging are contributing to reductions in biomass.   

 Shoalgrass rhizome biomass did however respond and recover during the 

growing season.  Mitchell et al. (1994) suggested that shoalgrass beds did not 

recover when biomass was reduced below 10 g/m2.  My data suggest that 

rhizome biomass increased over 200% from March to October; however, there 

were 4 sampling zones that were near or below the 10g/m2 level and only one of 
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these did not fully recover to the starting biomass from the previous winter.  This 

zone only recovered 69% of its initial biomass supporting the 10g/m2 foraging 

threshold stated by Mitchell et al 1994.  The lack of differences in trends between 

exclosures and foraging areas in Year 1 may be attributed to the sampling 

method used.  Because I sampled from random points (without replacement) 

during each sampling period, a moderate proportion of points fell on bare 

substrate (i.e., no shoalgrass present).  The inclusion of these points in the 

analysis increased variability in our biomass estimates and were not 

representative of areas where redheads would forage.  Although this sampling 

protocol was not optimal for detecting trends in rhizome biomass, it may provide 

a better indication of the large variability within shoalgrass meadows and a more 

realistic estimate of average biomass across a large area.  This is an important 

consideration when extrapolating biomass estimates to a larger area (zone), and 

may suggest that my estimates of total biomass availability based on estimates 

from transects are liberal.   

 Based on my aerial survey data, it did not appear that redheads altered 

their distribution based on shoalgrass biomass as flocks continued to remain in 

certain zones throughout winter even when biomass decreased.  An example of 

this was observed in zone 1, which had the highest amount of RUDs/ha in all 3 

years even though it experienced shoalgrass biomass reductions of 51%, 80%, 

and 63% in each year, respectively.   Additional factors such as hunting 

pressure, boat traffic, weather, and location of freshwater resources also likely 

influenced distribution of redheads within the Laguna Madre.  Marsh (1979) 
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found no difference in nutritional quality of shoalgrass between heavily grazed 

areas and those less utilized in the Laguna Madre.  He concluded that based on 

observations, redheads appeared to be wary of boat traffic and were rarely seen 

within 100m of the GIWW.  Redheads wintering in the Chandeleur Islands of 

Louisiana altered their distribution as a response to changes in wind direction 

and temperature by moving closer to land in shallower water to reduce energetic 

costs of being exposed to greater wave and wind action (Michot et al. 1994).  

Similarly, the dynamics between foraging areas in the Laguna Madre and 

adjacent freshwater drinking sites may influence distribution of redheads (Koenig 

1969, McMahan 1970, Cornelius 1975, Adair 1990, Mitchell et al. 1992).  Based 

on models created from data collected during this study, certain foraging areas in 

the Laguna Madre may be unusable in dry years due to lack of freshwater nearby 

(B.M. Ballard, unpublished data).   The ability to provide a better distribution of 

dietary freshwater adjacent to the Laguna Madre would help distribute redheads 

during dry years and reduce foraging pressure on localized areas in close 

proximity to permanent freshwater basins.   

 According to the TRUEMET energy model, the Laguna Madre of Texas 

can support 54.6 x 106 RUDs across winter.  I estimated RUDS to be ≤ 43.3 x106  

RUDs during the 3 years of this study.  Thus, the TRUEMET model should have 

predicted energetic demands to remain below the energy supplied by shoalgrass 

resources and this was apparent in years 1 and 2.  However, in year 3 the model 

exhibited greater energetic demand by redheads than the supply of energy from 

shoalgrass resources.  The model may have over estimated the daily energy 
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requirement of redheads wintering in the Laguna Madre in year 3 possibly due to  

increased foraging efficiency, therefore indicating a lack of sufficient resources.  

Additionally, the estimate of TME for shoalgrass (2.0 kcal/g) that was used in the 

model may be low.  Output for the model when I used a TME value of 2.5 kcal/g 

showed that the energy demand by redheads never exceeded the supply.  

However, without feeding trial data using redheads and shoalgrass, the 2.0 

kcal/g TME value is the best estimate of TME at this time.  While there is 

uncertainty to the cause of the depletion of shoalgrass resources in year 3, there 

is supporting information from body composition dynamics that indicates 

resources were in fact not limited as redheads gained body mass throughout 

winter (Chapter 2).  Additionally, based on Michot’s (1997) model it appears that 

the current shoalgrass distribution is sufficient to sustain large increases (≤ 1.8 

million redheads) in the redhead population, however this model may be over 

simplistic in the fact that it incorporates consumptive rates and does not address 

energetic values derived from shoalgrass or energy demands by redhead 

populations.

 
 



     
  
 

MANAGEMENT IMPLICATIONS 

 
 The importance of the Laguna Madre as wintering habitat for redheads is 

apparent since approximately 75% of the continental population winters there 

(Weller 1964, Roetker 2003).  Because redheads are reliant on shoalgrass as 

their primary food source in the Laguna Madre, it is essential that we maintain 

the shoalgrass resources within this area for the survival of this population.  Even 

though my shoalgrass biomass reduction data and redhead body composition 

data indicate that shoalgrass resources are capable of sustaining the current 

redhead population, it is vital that these resources continue to be monitored.  

One benefit that the Laguna Madre has over other estuaries is that it is bordered 

predominately by large private ranches that have precluded development and 

other land use changes. However, other factors such as dredging within the 

lagoon, changes in salinity regimes, and occurrence of phytoplankton blooms 

may have significant effects on shoalgrass distribution.  McMahan (1968) 

reported that salinity tolerance for shoalgrass ranges from 3.5 ppt to 70 ppt with 

an optimal salinity near 40 ppt.  He also found that manateegrass had lower 

levels of tolerance to hypersaline waters and concluded that decreases in salinity 

in the Laguna Madre would result in the reduction of shoalgrass and the increase 

in distribution of manateegrass.  All factors contributing to declines in biomass 

must continue to be evaluated so that sufficient resources remain to support the 

continent’s redhead population.  In light of the output from the TRUEMET model 

there also remains a need to evaluate the performance of the model along with 

 
 49



     50
  
 
obtaining more reliable estimates of TME for shoalgrass rhizomes.  Additionally, 

there remains a need to understand the winter growth dynamics of shoalgrass so 

that we can explain what factors other than redhead foraging are causing the 

overwinter declines in rhizomal biomass.  Effects of redheads on shoalgrass 

resources in this study did indicate heavy grazing on localized areas within the 

Laguna Madre.  Proximity of these areas to freshwater resources may play a 

large role in redhead distribution; therefore conservation efforts should be 

focused on protecting, restoring, enhancing, or creating new freshwater wetlands 

adjacent to the Laguna Madre.  These practices would allow redheads to access 

a greater percentage of the available shoalgrass beds and reduce foraging 

intensities on certain areas.  

 
 



       
  
  
 

CHAPTER II 

NUTRIENT RESERVE DYNAMICS AND GUT MORPHOLOGY OF REDHEADS 

WINTERING IN THE LAGUNA MADRE OF TEXAS 

 

 Body composition and gut morphology of avian species are dynamic and 

respond to life cycle events such as reproduction (Ankney 1977, Ankney and 

MacInnes 1978, Drobney 1984), molt (Thompson and Drobney 1996), and 

migration (Skagen et al. 1993).  Additionally, these parameters can affect over-

winter and annual survival (Paulus 1982, Haramis et al. 1986, Conroy et al. 1989, 

Hohman 1993).  In most avian species, including waterfowl, gastrointestinal (GI) 

features and body condition can respond to changes in diet quality and quantity 

(Drobney 1984, Ricklefs 1996).  These changes in GI morphology provide avian 

species the ability to more efficiently obtain and store nutrients (e.g. lipids, 

protein) needed for basal metabolic requirements, thermoregulation, 

reproduction, growth, molt, and migration.  An understanding as to how gut 

morphology relates to diet composition and nutritional requirements aids in 

identifying important avian habitats and periods when food resources are limited 

(Biebach 1996) 

 Body mass and composition of wintering waterfowl can undergo 

substantial seasonal changes.  Many species typically arrive on the wintering 

grounds with low body mass as a result of catabolized endogenous reserves 

from fall migration, followed by increases through early winter.   Body mass then 

exhibits mid- to late winter declines prior to rebuilding nutrient reserves for spring 
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migration (Paulus 1980, Baldassarre et al. 1986, Hohman and Weller 1994).  

Factors such as latitude, social status, sex, age, and environment can influence 

the extent of mass loss and compositional change, which can vary among and 

within species (Hohman and Weller 1994).   

 Redheads and other diving ducks vary geographically in the extent of mid- 

winter body mass and composition change (Hohman and Weller 1994).  

Redheads wintering in New York exhibit mid-winter declines in body mass 

whereas those wintering in the Gulf of Mexico region gain body mass throughout 

winter (Kaminsky and Ryan 1981, Hohman and Weller 1994).  Because 

temperatures in more northerly latitudes are colder and food resources can 

become less accessible, the contrasts in body mass dynamics may suggest that 

ambient temperatures and food availability are proximate environmental factors 

that are responsible for this geographic variation.  The effects of these 

environmental factors on body mass or the ability to acquire nutrient reserves 

during periods of sub-optimal conditions may have cross-seasonal impacts on 

individual survival.  Some effects may include the ability to use stored lipids for 

insulation and energy reserves during periods of extremely low temperatures or 

negative energy balance (Raveling 1979, Hohman et al. 1988).  Additionally, 

stored lipids acquired by wintering and migrating individuals may be used to 

compensate for reduced energy intakes on the breeding grounds (Krapu 1981).    

 The diet of redheads wintering on the Laguna Madre of Texas is almost 

exclusively comprised of shoalgrass rhizomes, with shoalgrass ranging from 70 

to 92% of the diet (Koenig 1969, McMahan 1970, Cornelius 1977, Woodin 1996).  
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Because of this reliance on a single food source, shoalgrass availability plays a 

large role in the acquisition of lipid and protein stores over winter, a decrease in 

lipid and protein reserves during winter may influence annual cycle events (i.e., 

prebasic molt, clutch formation), which could ultimately affect overall fitness 

(Krapu 1981, Haramis et al. 1986, Richardson and Kaminski 1992).  Therefore, 

my objective was to investigate nutrient reserve and gut morphology dynamics of 

wintering redheads to assess the ability of available shoalgrass resources to 

support current redhead populations in the Laguna Madre of Texas.  I predicted 

that redheads would arrive on the Laguna Madre with minimal lipid reserves and 

that lipid reserves would reach a maximum prior to spring migration.  In addition, 

I predicted that if shoalgrass biomass was depleted below a threshold value (See 

Chapter 1), then this limitation of resources would cause a decline in redhead 

lipid reserves at some point during the winter.  

   
 



   
 
 

 
METHODS 

 
 

 Specimen Collection.–  I collected redheads from October to March during 

2000–01, 2001–02, and 2002–03 throughout the Texas Laguna Madre and the 

adjacent Baffin Bay.  Birds were collected by shooting along flight corridors to 

and from feeding sites to avoid potential biases associated with collecting birds 

over decoys (Greenwood et al. 1986).  Upon collection, all birds were individually 

labeled with a metal tag which indicated specimen number, date, time, flock size, 

and location of collection.  All specimens were placed in freezer bags that were 

labeled according to the specimen number on the tag and placed in a cooler over 

wet ice while being transported to the laboratory.   

 Morphological measurements.–  Each specimen was weighed 

immediately after collection to determine fresh body mass (0.01 g) and all birds 

were aged and sexed based on examination of feathers (Carney 1992), the 

presence and size of bursa, and the size of the gonads.   To correct nutrient 

reserves for structural size (Ankney and Afton 1988), I used digital calipers to 

measure lengths (0.01 mm) of the central culmen (from the intersection of skin 

and premaxilla to the tip of the bill), skull length (from the external occipital 

protuberance to the distal tip of bill), tarsus (from proximal to lateral condyles of 

the metatarsus), middle toe (from base of nail to the junction with metatarsus), 

and keel (from the anterior tip of the cranial process to the end of the medial 

caudal process) following removal of left breast muscle. 
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 Necropsy procedures. –  After being completely plucked of adhering 

plumage, redheads were necropsied to evaluate digestive organ and other 

muscle mass dynamics during the nonbreeding period.  To examine endogenous 

protein dynamics, the left breast muscles (pectoralis and supra-coracoideus), left 

leg muscles (muscles attached to the tibiotarsus and metatarsus), and heart 

were excised, stripped of adhering fat, washed, and patted dry with a paper towel 

before weighing (0.01 g).  Digestive tracts were excised and dissected into the 

upper digestive tract (UDT; esophagus and proventriculus), gizzard, small 

intestine, caeca, and large intestine.  The lengths (1 mm) of the UDT, small 

intestine, caeca, and large intestine were measured using a meter stick.  I 

measured lengths of the unstretched digestive tract components before removal 

of ingesta to reduce variation in measurements associated with the elasticity of 

these organs (Thompson and Drobney 1998).  Gizzard width (0.01 mm) was 

measured at the widest point using digital calipers. Total digestive tract length 

was derived by summing lengths of the UDT, gizzard, small intestine, caeca, and 

large intestine.  Mass (0.01 g) of each digestive tract organ with its contents was 

measured after stripping each of adhering fat.  Each organ was then emptied, 

washed and patted dry with a paper towel before reweighing.  Total digestive 

tract mass (0.01 g) was derived by summing masses of the UDT, gizzard, small 

intestine, caeca, and large intestine.  Liver and pancreas were removed from the 

carcass, stripped of adhering fat, and weighed (0.01g).  On completion of 

necropsies, all excised organs and fat were returned to the body cavity and 
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carcasses were frozen for later lipid extraction. 

 Carcass analysis. – Birds were thawed overnight in a refrigerator and 

reweighed to obtain carcass wet mass.  Each bird was then cut into 

approximately 3 cm3 pieces and oven-dried to constant mass at 75 C.  Dried 

carcasses (carcass dry mass) were then ground into a powder-like homogenate 

using a household coffee grinder and hand mixed to ensure homogeneity.  

Cellulose thimbles dried to constant mass (dry thimble mass) were filled with 

approximately 10 g of dried homogenate and dried again to constant mass 

(thimble+sample dry mass).  Dried thimbles and homogenate were then washed 

with petroleum ether in a modified Soxhlet apparatus for 24–72 hours to 

determine carcass lipid content (Dobush et al. 1985).  Following extraction the 

thimbles were returned to the oven and dried to a constant mass (thimble + lean 

sample mass).  Dry thimble + lean sample mass was compared after 18 hours of 

extraction time and then at 6 hour intervals until there was no major (> 5%) loss 

of fat.  Total carcass fat was calculated as follows: 

 

 
X  carcass dry mass (thimble + sample dry mass) – (thimble + lean sample mass) 

            (thimble+ sample dry mass) – (thimble mass)                 

Following fat extraction, lean thimble contents were placed into dried, pre-

weighed porcelain crucibles and weighed (crucible + lean sample mass).  

Crucibles were then placed in a muffle furnace and burned at 550 C for 

approximately 10 h to derive ash and ash-free lean (i.e., protein) content of 

samples.  The crucibles containing the ash were allowed to cool enough to be 

handled and then weighed (crucible + ash mass).  Total ash was calculated as 

   
 



         57 

follows: 

 
 
 

X   tota    (crucible + ash mass) – (crucible mass)____                   
  (crucible + lean sample mass) – (crucible mass)                l lean dry mass 

 
where total lean dry mass equals carcass dry mass minus total carcass fat.  

Carcass protein was then calculated by subtracting total ash from total lean dry 

weight.   

Statistical Analysis. –   Variation in individual body size can lead to 

intraspecific variation in nutrient reserves (Alisauskas and Ankney 1987, Ankney 

and Afton 1988).  To explain variation in nutrient reserves, I used principal 

component analysis (PROC PRINCOMP; SAS Institute 1999) on the 5 

morphological measurements to correct nutrient reserve values for structural 

size.  The first principal component score (PC1) of the correlation matrix was 

computed for each bird and was interpreted as a measure of body size with 

positive scores indicating above average body size and negative scores indicting 

below average body size (Pimental 1979).  To determine if nutrient reserve 

variables were related to body size; body mass, protein, and ash content were 

regressed (PROC REG; SAS Institute 1999) on PC1.  Somatic lipid reserves 

were not corrected for structural size since the absolute mass of a bird’s lipid 

mass represents its usable lipid reserve which may not be related to structural 

size thus possibly resulting in an over-correction (Sedinger et al. 1997).  

Therefore, uncorrected values of carcass fat were used in the analyses.  A 

carcass variable was determined to be influenced by body size if a significant 

relationship (P < 0.05) was found between the variable and PC1.  Carcass 
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variables that were influenced by body size were adjusted for structural size by 

deriving a new value using the residuals from the regression equations.  Carcass 

variables corrected for structural size (yi) were determined for each bird using the 

following equation from Ankney and Alisauskas (1991):       

yi = yobs – [a + b (PC1)] + Ῡobs

where yobs equals the unadjusted carcass variable for an individual bird,  Yobs 

equals the mean of the unadjusted carcass variable for all specimens, a equals 

the intercept and b equals the slope of the equation.  Body mass , protein, and 

ash components were all related to body size and corrected values were used in 

subsequent analyses.  Corrected carcass variables were plotted against carcass 

mass in order to identify any significant outliers and these individuals were 

omitted from further analysis. 

 Regression analysis (PROC REG, SAS Institute 1999) was used to 

investigate trends in carcass and digestive tract parameters for each sex, age, 

and year combination.  I initially examined the linear model for trends if no trend 

was detected then the quadratic model was examined. 
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RESULTS 

 
 Three hundred fifty-one redheads were collected and analyzed during the 

winters of 2000–01, 2001–02, and 2002–03 (Table 13).  Thirty- six redheads 

were omitted from analysis due to irregular nutrient reserve values. 

 Body and Carcass Mass.– Body mass for female redheads varied by year 

and age (P ≤ 0.039; Table 14).  Adult females increased body mass throughout 

winter in all years of the study (P≤ 0.0237; Fig. 14); however, a quadratic trend 

best described year 1 with body mass beginning to decrease in mid-January.  

Body mass of adult females was heavier in March than in October by 13% (104 

g) in year 1, 17% (153 g) in year 2 and 24% (228 g) in year 3.  Body mass of 

immature female redheads followed quadratic trends in years 1 and 2 and a 

linear trend in year 3 with increases (P ≤ 0.031) in all years (Fig. 15).  Trends in 

adult female carcass mass were similar to those seen for body mass and 

exhibited increasing trends (r2>0.21, P ≤ 0.028) for all years (Fig. 16).  Immature 

females did not show a trend in carcass mass throughout winter in year 1 (P = 

0.060), however increasing trends (r2 >0.57, P ≤ 0.004) were exhibited in years 2 

and 3 (Fig. 17). 

 Male redheads varied significantly by year and age in body mass (P ≤ 

0.001) and carcass mass (P ≤ 0.034).  Adult male redheads increased (r2 >0.09, 

P ≤ 0.016) body mass throughout winter in all years (Fig. 14) and males departed 

the Laguna Madre in March an average of 17% (154 g), 14% (145 g), and 26% 

(269 g) heavier in years 1, 2, and 3, respectively.   Carcass mass of adult males 



  
   
 

Table 13.  Number of redheads collected from the Laguna Madre during October-March 2000–2003. 
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                                                                                                                                   Month 
Year   Sex Age Oct Nov Dec Jan Feb Mar Total 

          

    

          

         

          

   

          

         

         

   

          

         

 
2000 –01 Female Adult 8 5 13 8 8 0 42 

Immature
 

1 2 2 4 1 0 10

Male  Adult 17 6 12 17 12 0 64

Immature
 

4 3 3 3 2 0 15

2001–02 Female Adult 1 11 2 11 4 1 30

Immature
 

0 9 1 11 0 5 26

Male  Adult 5 11 13 24 9 4 66

Immature
 

1 6 3 8 4 2 24

2002–03 Female Adult 2 0 2 7 2 0 13

Immature 4 0
 

1 3 1 0 9

Male  Adult 3 2 10 17 7 0 39

Immature 1 0 1 6 5 0 13
 

TOTAL 47 55 63 119 55 12 351

         
 

 



  
   
 

Table 14.  F-values and P-values for 2-way analysis of variance of carcass composition for redheads collected from 

October-March 2000–2003 in the Laguna Madre of Texas. 

Sex  Body mass Carcass mass Carcass fat Carcass ash Carcass protein 

   Source of variation df F p-value F       p-value F p-value F p-value F p-value
Females           

         Year 2 3.33 0.039 1.98        

       

         

            

     

        

        

0.143 0.89 0.414 5.50 0.005 2.70 0.072

         Age 1 10.46 0.002 6.68 0.011 5.39 0.022 15.85 <0.001 11.36 <0.001

         Year x Age 2 1.52 0.223 0.63 0.535 0.38 0.688 0.49 0.616 0.93 0.398

         Residual 106 10725.4 5709.6 4488.6 7.0 205.3 

Males

         Year 2 19.42 <0.001 14.59 <0.001 13.23 <0.001 12.62 <0.001 13.97 <0.001

         Age 1 13.48 <0.001 4.53 0.034 2.44 0.120 6.51 0.011 7.11 0.008

         Year x Age 2 1.66 0.192 1.59 0.206 1.83 0.163 0.27 0.765 5.55 0.004

         Residual 199 12111.2 6940.46 5517.1 9.3 198.8 
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    y =  910.72 + (5.35) x - (0.03) x2,   r2 = 0.74,  P =0.0147
    y =  1013.00 + (0.97) x,   r2 = 0.09,  P = 0.0159
    y =  1036.75 + (1.79) x, r2 = 0.36,  P < 0.0001
    y =  813.82 + (4.93) x - (0.03) x2,  r2 = 0.4428,  P= 0.0009
    y =  915.83 + (1.02) x,  r2 = 0.19,  P = 0.0237   
    y =  967.42 + (1.52) x,  r2 = 0.66,  P = 0.0044

                      
         Figure 14.  Trend in body mass (corrected for structural size) of adult male (     )  and female (O ) redheads collected  
 
        in the Laguna Madre of Texas during 2000–01:            , 2001–02:             , and 2002–03:              .
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                y =  898.52 + (1.62) x,  r2 = 0.2587, P = 0.0913
            y =  872.02 + (1.44) x,  r2 = 0.22,     P = 0.0250
            y =  937.32 + (2.17) x,  r2 = 0.44,     P = 0.0192
            y =  657.56 + (10.65) x - (0.07) x2, r2 = 0.9170,  P = 0.0013                 
            y =  632.51 + (7.13) x - (0.04) x2,  r2 = 0.65,  P = 0.0016
            y =  756.19 + (3.45) x,  r2 = 0.74,    P = 0.0031

           
Figure 15.  Trend in body mass (corrected for structural size) of immature male (     )  and female (O ) redheads  
 
collected in the Laguna Madre of Texas during 2000–01:            , 2001–02:             , and 2002–03:              .
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261.99 + (1.55) x, r2 = 0.69, P < 0.001
303.90 + (0.86) x, r2 = 0.15, P= 0.266
304.76 + (1.48) x, r2 = 0.32, P < 0.001
224.38 + (2.81) x - (0.01) x2, r2 = .36, P = 0.028
277.07 + (0.95) x, r2 = .21, P = 0.015
272.21 + (1.55) x, r2 = 0.77, P <0.001

 

 Figure 16. Trend in carcass mass (corrected for structural size) of adult male (    ) and female (O ) redheads  

 collected in the Laguna Madre of Texas during 2000–01:            , 2001–02:             , and 2002–03:               .
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 Figure 17. Trend in carcass mass (corrected for structural size) of immature male (      ) and female (O) redheads  
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234.79 + (1.13) x, r2 = 0.02, P = 0.022
289.31 + (1.40) x, r2 = 0.28, P= 0.076 
231.76 + (2.74) x - (0.02) x2, r2 = 0.61, P = 0.060
104.48 + (5.35) x - (0.03) x2, r2 = 0.57, P = 0.001
185.79 + (2.37) x, r2 = 0.72, P = 0.004

 

 collected in the Laguna Madre of Texas during 2000 –01:             , 2001–02:             and 2002– 03:               .
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also followed similar increasing trends as body mass in years 1 and 3 (r2  ≥ 0.32, 

P < 0.001); however no trend was detected in year 2 (r2 = 0.15, P = 0.266; Fig. 

16).  Body mass of immature male redheads increased by 25% and 35% in years 

2 and 3 (r2 ≥ 0.22, P ≤ 0.025) while no trend (P =0.091) was detected in year 1 

(Fig. 15).  Trends in carcass mass of immature males showed 60% and 72% 

increases (r2 ≥ 0.02, P ≤ 0.028) in years 1 and 2, respectively; however no trend 

was detected in year 3 (P = 0.076; Fig. 17).  

 Adult male redheads arrived in October each year approximately 7-11 % 

heavier than females and departed in March 8-14% heavier.  Arrival body mass 

of adult female redheads was the lowest in year 1 (911 g) and the highest in year 

3 (967 g).  Males showed the same pattern with masses ranging from 911– 1037 

g.   Accumulation of carcass fat and protein explained 65-89% of the variation in 

body mass of adult redheads (Table 15) with most of the variation (> 54 %) 

resulting from increases in body lipid mass.  Carcass protein explained 10-19% 

of the variation in males in all 3 years and <13 % in females.  Carcass ash and 

water explained the remaining variability.  

 Carcass Fat. – Average lipid content varied by age for females (P = 0.022) 

and between years for males (P < 0.001; Table 14).  Redheads departed the 

Laguna Madre with greater lipid reserves than they arrived with in all years.  

Trends in adult female carcass fat increased (r2 ≥ 0.23, P ≤ 0.011) in all years 

(Fig. 18) and females departed with 173%, 164 % and 325% more fat than when 

they arrived in years 1, 2, and 3, respectively.  Trends in carcass fat for immature 

females increased significantly in all years except year 1 (Fig. 19).
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Table 15.  Multiple regression of carcass components on body mass of adult 

redheads collected in the Laguna Madre of Texas 2000-03.   

Carcass component r-square p-value 

Females   

      Year 1 (2000–01)   

            Fat 0.5516 <0.001 

            Protein 0.1228 0.001 

Sum 0.6744  

      Year 2 (2001–02)   

            Fat 0.8503 <0.001 

            Protein 0.0180 0.082 

Sum 0.8683  

      Year 3 (2002–03)   

            Fat 0.7599 0.001 

            Protein 0.1345 0.020 

Sum 0.8944  

Males   

      Year 1 (2000–01)   

            Fat 0.5401 <0.001 

            Protein 0.1119 <0.001 

Sum 0.6520  

      Year 2 (2001–02)   

            Fat 0.7657 <0.001 

            Protein 0.0998 <0.001 

Sum 0.8655  

      Year 3 (2002–03)   

            Fat 0.6423 <0.001 

            Protein 0.1941 <0.001 

            Sum 0.8364  
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(F1,106 = 11.36, P < 0.001) for females and by age (F1,199 = 7.11, P  = 0.008)   and 

between years (F2,199 = 13.97, P < 0.001)  for males.  Carcass protein did not 

exhibit significant trends for adult female redheads in any year (P ≥ 0.073; Fig. 

22).  Adult males increased somatic protein by ≥ 92% during years 2 and 3, with 

year 2 being best described with a quadratic trend showing protein mass initially 

increasing and then declining from mid-December until departure in March (Fig. 

22). 

 Carcass Ash. – Carcass ash varied by year (F2,199 =12.62, P <0.001) and 

age (F1,199 =6.51, P = 0.011) for males and females (year; F2,106 = 5.50, P =0.005: 

age; F1,106 =15.85, P < 0.001).  Adult females exhibited significant trends in 

carcass ash only in year 2 (r2 = 0.19, P  = 0.023) and adult males in year 3 (r2 = 

0.13, P  = 0.031; Fig. 20).  Trends in carcass ash for immature redheads were 

detected only in year 2 with both immature males (r2  = 0.20, P = 0.031) and 

immature females (r2 = 0.44, P = 0.011) both exhibiting increasing trends (Fig. 

21).   

 Carcass Protein. – Carcass protein differed significantly by age  

 Carcass fat in adult males increased (r2 ≥ 0.17, P ≤ 0.001) in all years (Fig. 

18).  Males departed in March with 434%, 137% and 219% greater lipid levels 

than arrival lipid levels in each respective year.  Immature males maintained 

stable (P ≥ 0.114) fat  reserves in years 1 and 3, but increased fat reserves by 

426% (r2 = 0.26, P = 0.013) in year 2 (Fig. 19). 
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y = 52.51 + (1.52) x,  r2 = 0.70 ,  P < 0.0001
y = 84.91 + (0.77) x,  r2 = 0.17 ,  P = 0.0003
y = 89.19 + (1.29) x,  r2 = 0.28 ,  P < 0.001
y = 75.35 + (0.89) x,  r2 = 0.32 ,  P= 0.0004 
y = 81.33 + (0.89) x,  r2 = 0.23 ,  P = 0.011 
y = 66.04 + (1.43) x,  r2 = 0.73,   P = 0.002 

 
           Figure 18.  Trend in carcass fat of adult male (     )  and female (O ) redheads collected in the Laguna Madre of  
 
    Texas during 2000–01:            , 2001–02:             , and 2002–03:              .
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y = 54.19 + (0.75) x,  r2 = 0.17,   P = 0.189
y = 43.70 + (0.95) x,  r2 = 0.26,   P = 0.013
y = 94.97 + (1.13) x,  r2 = 0.23,   P = 0.114
y = 90.03 + (0.43) x,  r2 = 0.23,   P = 0.231
y = 52.55 + (0.72) x,  r2 = 0.25,   P = 0.016
y = 14.81 + (1.88) x,  r2 = 0.64,   P = 0.010

 
              Figure 19.  Trend in carcass fat of immature male (     )  and female (O) redheads collected in the Laguna Madre  
 
       of Texas during 2000–01:             , 2001–02:             , and 2002–03:               . 
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 Figure 20.  Trend in carcass ash (corrected for structural size) of adult male (    ) and female (O) redheads  

collected in the Laguna Madre of Texas during 2000–01:            , 2001-02:             , and 2002-03:              . 71
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 Figure 21.  Trend in carcass ash (corrected for structural size) of immature male (    ) and female (O) redheads 
 
    collected in the Laguna Madre of Texas during 2000–01:            , 2001–02:             , and 2002–03:              .
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 Figure 22.  Trend in carcass protein (corrected for structural size) of adult male (    ) and female (O) redheads  

collected in the Laguna Madre of Texas during 2000–01:            , 2001–02:             , and 2002–03:              .
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   Trends in carcass protein for immature redheads were detected in all 

years for females (r2 ≥ 0.58, P ≤ 0.017) and in year 3 for immature males (r2 = 

0.60, P = 0.003; Fig. 23).   

Leg muscle mass in adult females did not exhibit a trend in any year 

(P≥0.4633).  Adult male leg muscle mass in year 1 increased through December 

and then declined until March at which point it had decreased by nearly 18% of 

the average arrival mass (Fig. 28).  In years 2 and 3, muscle mass of adult males 

exhibited quadratic trends that increased until mid-January and then decreased 

to ≥ 9% of October mass (r2 ≥ 0.11, P ≤ 0.038; Fig. 28).   Immature redheads 

maintained leg muscle mass throughout winter except for females in

 Adult redheads did not exhibit significant trends in breast muscle mass in 

any year (P ≥ 0.1256; Fig. 26). Immature female redheads in year 2 gained 24% 

breast muscle mass (r2 = 0.52, P = 0.0282; Fig. 27) while no other trends were 

detected for immature redheads. 

 Gizzard mass was best described by a quadratic trend in most years 

where mass increased from October to late December in both sexes (Fig. 24).  

This was followed by a significant decline through March.  In year 3, gizzard 

mass increased linearly (r2 = 0.53, P = 0.016) and by 38% across winter for adult 

females.  Gizzard mass trends for immature female redheads also showed 

significant quadratic trends (Fig. 25) similar to adults.  Immature males in year 1 

gained 67% gizzard mass in a linear fashion from October to March and 

exhibited a quadratic trend in year 2. Immature males did not exhibit a significant 

trend in year 3.  
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Figure 23.  Trend in carcass protein (corrected for structural size) of immature male (    ) and female (O) redheads 

 
    collected in the Laguna Madre of Texas during 2000–01:            , 2001–02:             , and 2002–03:              .
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Figure 24.  Trend in gizzard mass (corrected for structural size) of adult male (    ) and female (O) redheads 
 
    collected in the Laguna Madre of Texas during 2000–01:            , 2001–02:             , and 2002–03:              . 76
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Figure 25.  Trend in gizzard mass (corrected for structural size) of immature male (    ) and female (O) redheads 
 

    collected in the Laguna Madre of Texas during 2000–01:            , 2001–02:             , and 2002–03:              . 77
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Figure 26.  Trend in breast mass (corrected for structural size) of adult male (    ) and female (O) redheads 
 

    collected in the Laguna Madre of Texas during 2000–01:            , 2001–02:             , and 2002–03:              . 78
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Figure 27.  Trend in breast mass (corrected for structural size) of immature male (    ) and female (O) redheads 
 

    collected in the Laguna Madre of Texas during 2000–01:            , 2001–02:             , and 2002–03:              . 79
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Figure 28.  Trend in leg mass (corrected for structural size) of adult male (    ) and female (O) redheads 
 

    collected in the Laguna Madre of Texas during 2000–01:            , 2001–02:             , and 2002–03:              . 
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years 2 and 3, which increased leg mass by 36% and 41% during winter (r2 ≥ 

0.35, P ≤ 0.023; Fig. 29). 

Gut Morphology 

 Digestive tract morphology varied throughout winter for female and male 

redheads in all years (Tables 16–19).  Total digestive tract mass for adult 

females and males exhibited quadratic trends for years 1 and 2 and increasing 

linearly  in year 3 (Tables 20 and 21).  Changes in mass of gizzard and small 

intestine explained about 99% of the total variation in digestive tract mass in 

adult females and males (Table 22 and 23).   In years 1 and 2, total digestive 

tract mass in adult females increased by 35% until December and then declined 

by ≥ 17% until departure in March (r2 ≥ 0.289, P ≤ 0.004).  Total digestive tract 

mass increased by 30% in year 3 (r2 = 0.447, P = 0.012).  Length of the female 

digestive tract increased by ≥ 12% throughout winter in years 1 and 2 ( r2 ≥ 

0.227, P ≤ 0.004) and no trend was detected in year 3.   Changes in small 

intestine length in years 1 and 2 explained >95% of the total variation in digestive 

tract length, whereas changes in ceca length explained <4%. 

 Digestive tract length in males increased linearly in years 1 and 2 and 

exhibited a quadratic trend in year 3.  Variation in length was influenced by small 

intestine length (>91.8%) and ceca length  (<6.6%).  Overall > 97% of the 

variation in total digestive tract length in all years was explained by changes in 

these organs.  

 Juvenile females exhibited quadratic trends in digestive tract mass in 

years 1 and 2 and a linear trend in year 3 (Table 24).  Gizzard and small intestine 

mass had the greatest influence on total mass in all three years (Table 25).  
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Figure 29.  Trend in leg mass (corrected for structural size) of immature male (    ) and female (O) redheads 
 

    collected in the Laguna Madre of Texas during 2000–01:            , 2001–02:             , and 2002–03:              . 
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Table 16.  F-values and P-values for main and interaction effects of 3-way GLM testing for differences in mass of 

digestive tract components of female redheads collected from October-March 2000–2003 in the Laguna Madre of Texas. 

83

    Total digestive
tract 
  Upper digestive 

tract 
Gizzard Small intestine

   Source of variation df F p-value F p-value F p-value F p-value 
         Year 2 2.57 0.082       3.72 0.028 3.36 0.039 0.54 0.586

         Age 1 5.05 0.027       

        

       

        

        

          

     

4.42 0.038 6.21 0.014 0.29 0.589

         Year x Age 2 0.98 0.380 0.11 0.894 1.14 0.325 0.59 0.554

        Julian date 1 15.54 <0.001 0.73 0.396 25.50 <0.001 4.90 0.029

         Year x Julian 2 3.78 0.026 0.45 0.637 5.42 0.006 0.21 0.810

         Age x Julian 1 3.28 0.073 3.75 0.056 3.33 0.071 0.01 0.919

         Year x Age x Julian 2 1.55 0.217 0.33 0.723 2.44 0.093 0.56 0.572

         Error 100 257.46 1.50 189.95 10.66

         
 

 



    
 

Table 16. Continued. 

84

    Ceca Large intestine Pancreas Liver

   Source of variation df F p-value F p-value F p-value F p-value 

         Year 2 2.52 0.086       1.24 0.293 1.47 0.234 2.37 0.099

         Age 1 0.70 0.403       

        

       

        

        

          

      

1.37 0.245 1.13 0.289 0.15 0.702

         Year x Age 2 0.08 0.926 0.13 0.875 2.95 0.057 1.17 0.316

        Julian 1 5.54 0.020 1.40 0.239 2.87 0.093 8.14 0.005

         Year x Julian 2 3.69 0.029 1.29 0.279 3.90 0.023 3.00 0.054

         Age x Julian 1 3.64 0.059 1.10 0.297 1.19 0.278 0.03 0.852

         Year x Age x Julian 2 0.03 0.967 0.22 0.806 4.72 0.011 2.42 0.094

         Error 100 0.11 0.27 0.49 16.58

         
 

 



     
   
 

Table 17.  F-values and P-values for main and interaction effects of 3-way GLM testing for differences in mass of 

digestive tract components of male redheads collected from October–March 2000–2003 in the Laguna Madre of Texas. 
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    Total digestive
tract 
  Upper digestive 

tract 
Gizzard Small intestine

   Source of variation df F p-value F p-value F p-value F p-value 
         Year 2 2.36 0.097       2.71 0.069 1.69 0.187 4.77 0.009

         Age 1 4.88 0.028       

        

       

        

        

          

     

22.18 <0.001 1.94 0.165 5.99 0.015

         Year x Age 2 0.23 0.796 4.15 0.017 1.21 0.299 4.09 0.018

        Julian 1 19.84 <0.001 5.77 0.017 23.49 <0.001 0.10 0.756

         Year x Julian 2 3.71 0.026 5.81 0.003 3.45 0.034 2.06 0.131

         Age x Julian 1 2.45 0.119 10.57 0.001 0.73 0.395 5.89 0.016

         Year x Age x Julian 2 0.35 0.706 3.04 0.050 1.20 0.304 3.41 0.035

         Error 193 255.97 1.89 196.78 9.42

         
 

 



     
   
 

Table 17. Continued. 

86

    Ceca Large intestine Pancreas Liver

   Source of variation df F p-value F p-value F p-value F p-value 

         Year 2 2.31 0.102       0.87 0.419 2.26 0.107 3.06 0.049

         Age 1 4.99 0.027       

        

       

        

        

          

      

3.91 0.049 0.37 0.541 1.31 0.254

         Year x Age 2 1.32 0.269 0.47 0.623 1.19 0.308 0.13 0.874

        Julian 1 0.13 0.719 2.44 0.119 0.24 0.623 0.20 0.653

         Year x Julian 2 1.04 0.355 1.28 0.279 3.30 0.039 1.09 0.338

         Age x Julian 1 4.13 0.043 0.75 0.387 0.00 0.964 0.45 0.504

         Year x Age x Julian 2 1.71 0.184 0.13 0.878 0.61 0.544 0.06 0.943

         Error 193 0.12 0.27 0.65 22.54

         
 

 



     
   
 

Table 18.  F-values and P-values for main and interaction effects of 3-way GLM testing for differences in length of 

digestive tract components of female redheads collected from October–March 2000–2003 in the Laguna Madre of Texas. 
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    Total digestive
tract 
  Upper digestive 

tract 
Gizzard Small intestine

   Source of variation df F p-value F p-value F p-value F p-value 
         Year 2 0.18 0.838       0.06 0.938 4.38 0.015 0.23 0.794

         Age 1 0.76 0.384       

        

       

        

        

          

     

1.17 0.282 7.26 0.008 0.25 0.619

         Year x Age 2 0.14 0.871 1.58 0.212 1.73 0.182 0.18 0.835

        Julian 1 13.40 <0.001 10.89 0.001 21.51 <0.001 9.33 0.003

         Year x Julian 2 1.65 0.197 0.36 0.699 4.90 0.009 2.72 0.071

         Age x Julian 1 0.07 0.785 0.41 0.523 3.27 0.074 0.05 0.826

         Year x Age x Julian 2 0.33 0.718 1.05 0.352 2.86 0.062 0.59 0.555

         Error 100 21754.19 110.19 27.29 14514.34

         
 

 



     
   
 

Table 18. Continued. 

88

     Ceca Large intestine

   Source of variation df F p-value F p-value 

         Year  2 0.06 0.939 0.57 0.569

         Age  

      

     

1 1.65 0.201 0.35 0.557

         Year x Age 2 0.42 0.661 0.13 0.877 

        Julian 1 7.35 0.008 11.83 <0.001 

         Year x Julian 2 0.22 0.802 0.46 0.630

         Age x Julian 1 3.42 0.067 0.14 0.711

         Year x Age x Julian 2 0.85 0.431 0.22 0.802 

         Error 100 862.06 94.87 

         
 

 



     
   
 

Table 19.  F-values and P-values for main and interaction effects of 3-way GLM testing for differences in length of 

digestive tract components of male redheads collected from October–March 2000–2003 in the Laguna Madre of Texas. 
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    Total digestive
tract 
  Upper digestive 

tract 
Gizzard Small intestine

   Source of variation df F p-value F p-value F p-value F p-value 
         Year 2 2.67 0.072       1.65 0.195 0.76 0.467 1.91 0.151

         Age 1 7.84 0.006       

        

       

        

        

          

     

7.73 0.006 0.28 0.598 4.82 0.029

         Year x Age 2 4.20 0.016 4.10 0.018 0.41 0.667 3.93 0.021

        Julian 1 20.93 <0.001 4.17 0.042 9.51 0.002 12.35 <0.001

         Year x Julian 2 0.06 0.943 1.66 0.192 1.70 0.185 0.06 0.945

         Age x Julian 1 3.54 0.061 0.39 0.534 0.16 0.693 2.32 0.129

         Year x Age x Julian 2 3.60 0.029 3.40 0.035 0.71 0.492 3.05 0.049

         Error 193 17814.91 157.98 49.39 11706.99

         
 

 



     
   
 

Table 19. Continued. 

90

     Ceca Large intestine

   Source of variation df F p-value F p-value 

         Year  2 5.05 0.007 0.05 0.954

         Age  

      

      

1 8.28 0.004 0.41 0.521

         Year x Age 2 3.57 0.030 0.03 0.966 

        Julian 1 17.94 <0.001 13.57 <0.001 

         Year x Julian 2 1.35 0.261 0.65 0.525

         Age x Julian 1 5.91 0.016 0.01 0.925

         Year x Age x Julian 2 4.27 0.015 0.05 0.949 

         Error 193 934.69 212.21 

         
 

 



     
   
 

Table  20.  Regression equation, r-square value, p-value and mean for mass and length of digestive tract organs of  
 
adult  female redheads in the Laguna Madre, Texas during October–March 2000–01, 2001–02 and 2002–03. 
 
 Year 1 (2000–01, n=42) Year 2 (2001–02, n=30) 

 Regression equation r-square p-value Regression equation r-square p-value 

Mass       

Total digestive tract 83.07 + (1.08)x – (0.01)x2 0.396 <0.001 88.29 + (0.82)x – (0.005)x2 0.289  

  

  

  

      

  

  

  

0.004

Upper digestive tract 7.55 + (0.03)x – (0.0002)x2 0.114 0.0302 7.41 + (0.22)x – (0.0002)x2 0.086 0.271

Small intestine  17.17 – (0.03)x 0.136 0.016 16.57 - (0.02)x 0.075 0.144 

Ceca 1.31 + (0.01)x – (0.0001)x2 0.155 0.036 1.59 - (0.003)x 0.125 0.055 

Large intestine 1.89 + (0.03)x – (0.0002)x2 0.279 <0.001 2.44 + (0.01)x – (0.0001)x2 0.052 0.319

Gizzard 55.85 + (1.01)x – (0.01)x2 0.493 <0.001 61.78 + (0.76)x – (0.004)x2 0.346 0.003

Pancreas 2.16 + (0.01)x – (0.0001)x2 0.038 0.281 2.21 + (0.004)x 0.041 0.281 

Liver 20.76 + (0.02)x 0.045 0.178 24.18 + (0.003)x 0.001 0.859 

Length 
Total digestive tract 2180.15 + (1.72)x 0.227 0.001 2183.39 + (2.40)x 0.256 0.004 

Upper digestive tract 241.21 + (0.08)x 0.106 0.036 235.07 + (0.27)x – (0.001)x2 0.095 0.212

Small intestine  1457.22 + (1.33)x 0.206 0.002 1446.83 + (2.06)x 0.255 0.004 

Ceca 298.87+(0.78)x – (0.005)x2 0.120 0.090 290.43 + (1.14)x – (0.01)x2 0.105 0.179

Large intestine 95.52 + (0.11)x 0.117 0.027 102.59 + (0.08)x  0.061 0.187 

Gizzard 68.63 + (0.25)x – (0.001)x2 0.295 0.010 68.64 + (0.29)x – (0.002)x2 0.345 0.004
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Table  20.  Continued 
 

92

 Year 3 (2002–03, n=13) 

 Regression equation r-square p-value 

Mass    

Total digestive tract 104.59 + (0.21)x 0.447 0.012 

Upper digestive tract 11.09 - (0.06)x + (0.0004)x2 0.144  

  

  

  

   

  

  

  

  

  

0.224

Small intestine  17.71 – (0.05)x + (0.0003)x2 0.068 0.692

Ceca 1.96 - (0.01)x 0.449 0.012 

Large intestine 2.64 + (0.01)x – (0.0001)x2 0.037 0.561

Gizzard 73.03 + (0.23)x 0.600 0.002 

Pancreas 1.31 + (0.03)x - (0.0002)x2 0.083 0.499

Liver 17.68 + (0.063)x 0.519 0.005 

Length 

Total digestive tract 2277.59 + (2.72)x - (0.012)x2 0.071 0.765

Upper digestive tract 231.62 + (0.55)x - (0.0004)x2 0.144 0.224

Small intestine  1482.03 + (2.18)x - (0.010)x2 0.061 0.760

Ceca 339.64 - (0.46)x + (0.003)x2 0.032 0.629

Large intestine 99.83 + (0.45)x – (0.002)x2 0.175 0.529

Gizzard 73.03 + (0.23)x 0.600 0.002 

 

         
 

 



     
   
 

Table  21.  Regression equation, r-square value and p-value for mass and length of digestive tract organs of  
 
adult male redheads in the Laguna Madre, Texas during October–March 2000–01, 2001–02 and 2002–03. 
 

 Year 1 (2000–01, n=63) Year 2 (2001–02, n=65) 

 Regression equation r-square p-value Regression equation r-square p-value 

Mass       

Total digestive tract 99.38 + (1.06)x – (0.01)x2 0.438 <0.001 102.30 + (1.03)x – (0.01)x2 0.314  

  

  

  

  

  

  

    

  

  

<0.001

Upper digestive tract 8.65 + (0.05)x – (0.0004)x2 0.199 0.001 8.89 + (0.02)x – (0.0002)x2 0.050 0.137

Small intestine 17.56 – (0.03)x 0.174 0.001 16.43 + (0.05)x – (0.0004)x2 0.027 0.247

Ceca 1.36 + (0.01)x – (0.0001)x2 0.134 0.004 1.39 + (0.01)x – (0.0001)x2 0.082 0.026

Large intestine 2.30 + (0.02)x – (0.0001)x2 0.154 0.004 2.25 + (0.03)x – (0.0002)x2 0.192 <0.001

Gizzard 70.04 + (0.98)x – (0.01)x2 0.507 <0.001 73.35 + (0.92)x – (0.006)x2 0.316 <0.001

Pancreas 2.75 – (0.004)x 0.079 0.025 2.06 + (0.01)x 0.076 0.026 

Liver 23.47 + (0.06)x – (0.001)x2 0.041 0.234 26.83 + (0.02)x – (0.0001)x2 0.002 0.759

Length   

Total digestive tract 2250.44 + (1.32)x 0.177 0.001 2295.99 + (1.88)x 0.247 <0.001 

Upper digestive tract 259.14 + (0.07)x 0.092 0.016 251.34 + (0.46)x – (0.003)x2 0.097 0.025

Small intestine 1492.06 + (0.89)x 0.117 0.006 1522.19 + (1.42)x 0.233 <0.001 

Ceca 298.12 + (1.58)x – (0.01)x2 0.243 0.001 334.44 + (0.22)x 0.078 0.024 

Large intestine 100.66 + (0.06)x 0.060 0.053 98.46 + (0.17)x 0.116 0.005 

Gizzard 74.28 + (0.21)x – (0.001)x2 0.345 0.003 75.34 + (0.15)x – (0.0009)x2 0.019 0.308 93
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Table 21.  Continued 
 
 Year 3 (2002–03, n=40) 

 Regression equation r-square p-value 

Mass    

Total digestive tract 109.63 + (0.26)x 0.205 0.003 

Upper digestive tract 11.50 + (0.05)x – (0.0004)x2 0.065  

  

  

  

  

  

  

   

  

  

  

  

  

0.122

Small intestine  22.50 – (0.18)x + (0.0011)x2 0.185 0.014

Ceca 1.58 - (0.002)x – (0.000006)x2 0.086 0.894

Large intestine 2.68 + (0.003)x – (0.000006)x2 0.012 0.946

Gizzard 59.27 + (0.92)x – (0.0045)x2 0.380 0.025

Pancreas 2.62 – (0.006)x + (0.00005)x2 0.003 0.733

Liver 23.76 + (0.009)x – (0.00006)x2 0.014 0.927

Length 

Total digestive tract 2437.12 - (2.72)x + (0.018)x2 0.017 0.434

Upper digestive tract 267.56 - (0.06)x + (0.0005)x2 0.007 0.714

Small intestine  1675.34 - (2.95)x + (0.018)x2 0.033 0.338

Ceca 326.29 - (0.10)x + (0.0005)x2 0.001 0.913

Large intestine 96.71 + (0.18)x 0.163 0.009 

Gizzard 74.28 + (0.21)x – (0.001)x2 0.345 0.003
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Table 22.  Multiple regression of digestive tract components on digestive tract 

morphology of adult female redheads collected in the Laguna Madre of Texas  

2000–03.   

Digestive tract component r-square p-value 

Mass   

      Year 1 (2000–01)   
            Gizzard  0.9415 <0.001 
            Small Intestine 0.0546 <0.001 

Sum 0.9961  
      Year 2 (2001–02)   
            Gizzard  0.8931 <0.001 
            Small Intestine 0.0969 <0.001 

Sum 0.9899  
      Year 3 (2002–03)   
            Gizzard  0.8190 <0.001 
            Small Intestine 0.1748 <0.001 

Sum 0.9937  
Length   

      Year 1 (2000–01)   
            Small Intestine 0.9497 <0.001 
            Ceca 0.0392 <0.001 

Sum 0.9889  
      Year 2 (2001–02)   
             Small Intestine 0.9540 <0.001 
             Ceca 0.0424 <0.001 

Sum 0.9964  
      Year 3 (2002–03)   
            Small Intestine 0.9858 <0.001 
            Upper Digestive Tract 0.0100  0.007 

            Sum 0.9958  
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Table 23.  Multiple regression of digestive tract components on digestive tract 

morphology of adult male redheads collected in the Laguna Madre of Texas  

2000–03.   

Digestive tract component r-square p-value 

Mass   

      Year 1 (2000–01)   
            Gizzard  0.9384 <0.001 
            Small Intestine 0.0549 <0.001 

Sum 0.9933  
      Year 2 (2001–02)   
            Gizzard  0.9175 <0.001 
            Small Intestine 0.0761 <0.001 

Sum 0.9936  
      Year 3 (2002–03)   
            Gizzard  0.9224 <0.001 
            Small Intestine 0.0736 <0.001 

Sum 0.9960  
Length   

      Year 1 (2000–01)   
            Small Intestine 0.9181 <0.001 
            Ceca 0.0665 <0.001 

Sum 0.9846  
      Year 2 (2001–02)   
             Small Intestine 0.9390 <0.001 
             Ceca 0.0337 <0.001 

Sum 0.9727  
      Year 3 (2002–03)   
            Small Intestine 0.9683 <0.001 
            Ceca 0.0190  <0.001 

            Sum 0.9873  
 
 
 
 



  
   
   
 
Table  24.  Regression equation, r-square value, p-value and mean for mass and length of digestive tract organs of  
 
immature female redheads in the Laguna Madre, Texas during October–March 2000–01, 2001–02 and 2002–03. 
 
 Year 1 (2000–01, n=10) Year 2 (2001–02, n=26) 

 Regression equation r-square p-value Regression equation r-square p-value 

Mass       

Total digestive tract 39.52 + (2.21)x – (0.01)x2 0.806 0.004 71.79 + (1.29)x – (0.008)x2 0.426  

  

  

  

      

  

<0.001

Upper digestive tract 4.74 + (0.11)x – (0.0006)x2 0.558 0.046 7.21 + (0.005)x 0.029 0.408 

Small intestine  12.31+ (0.16)x – (0.001)x2 0.185 0.279 17.76 - (0.01)x 0.006 0.699 

Ceca 0.77 + (0.03)x – (0.0002)x2 0.431 0.064 1.37 + (0.001)x– (0.00004)x2 0.051 0.307

Large intestine 0.91 + (0.06)x – (0.0003)x2 0.506 0.054 2.17 + (0.01)x – (0.00008)x2 0.086 0.170

Gizzard 20.79 + (1.86)x – (0.01)x2 0.903 <0.001 44.79 + (1.21)x – (0.008)x2 0.466 <0.001

Pancreas 2.66 - (0.007)x 0.089 0.402 1.78 + (0.12)x 0.451 <0.001 

Liver 18.19 + (0.13)x– (0.001)x2 0.127 0.392 20.69 + (0.05)x 0.277 0.006 

Length 
Total digestive tract 1943.75+(11.26)x–(0.08)x2 0.368 0.090 2163.95 + (2.19)x 0.247 0.009 

Upper digestive tract 234.05 + (0.18)x 0.475 0.027 229.91 + (0.12)x 0.183 0.029 

Small intestine  1316.77 +(7.46)x– (0.05)x2 0.348 0.094 1441.87 + (1.86)x 0.263 0.007 

Ceca 253.63+(2.73)x – (0.018)x2 0.432 0.066 318.84 + (0.18)x 0.067 0.202 

Large intestine 91.51 + (0.09)x 0.064 0.479 100.35 + (0.02)x  0.011 0.616 

Gizzard 55.04 + (0.49)x – (0.002)x2 0.864 0.008 61.55 + (0.47)x – (0.003)x2 0.420 <0.001
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Table  24.  Continued 
 

 Year 3 (2002–03, n=9) 

    Regression equation r-square p-value

Mass    

Total digestive tract 87.94 + (0.38)x 0.648 0.009 

Upper digestive tract 9.89 - (0.04)x + (0.0004)x2 0.082  

  

  

  

  

  

   

  

  

  

  

  

0.509

Small intestine 18.53 + (0.03)x - (0.0005)x2 0.143 0.737

Ceca 1.56 + (0.01)x - (0.0001)x2 0.289 0.449

Large intestine 2.89 - (0.01)x + (0.00009)x2 0.048 0.641

Gizzard 40.72 + (1.24)x - (0.006)x2 0.895 0.037

Pancreas 1.18 + (0.09)x - (0.0007)x2 0.666 0.014

Liver 18.78 + (0.079)x 0.522 0.028 

Length 

Total digestive tract 2144.34 + (3.21)x - (0.015)x2 0.193 0.755

Upper digestive tract 248.29 - (0.35)x + (0.003)x2 0.306 0.221

Small intestine 1389.92 + (5.30)x - (0.038)x2 0.209 0.307

Ceca 339.19 - (1.94)x + (0.019)x2 0.563 0.103

Large intestine 104.31 - (0.22)x + (0.003)x2 0.479 0.267

Gizzard 67.46 + (0.14)x 0.599 0.014 

 



     99
  
  
 
Table 25.  Multiple regression of digestive tract components on digestive tract 

morphology of immature female redheads collected in the Laguna Madre of 

Texas 2000–03.   

Digestive tract component r-square p-value 

Mass   

      Year 1 (2000–01)   
            Gizzard  0.9591 <0.001 
            Small Intestine 0.0408 <0.001 

Sum 0.9999  
      Year 2 (2001–02)   
            Gizzard  0.9568 <0.001 
            Small Intestine 0.0392 <0.001 

Sum 0.9960  
      Year 3 (2002–03)   
            Gizzard  0.9103 <0.001 
            Small Intestine 0.0825 <0.001 

Sum 0.9928  
Length   

      Year 1 (2000–01)   
            Small Intestine 0.9783 <0.001 
            Gizzard 0.0168 <0.001 

Sum 0.9952  
      Year 2 (2001–02)   
             Small Intestine 0.9849 <0.001 
             Ceca 0.0081 <0.001 

Sum 0.9929  
      Year 3 (2002–03)   
            Small Intestine 0.8662 <0.001 
            Ceca 0.1297  <0.001 

            Sum 0.9959  
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Digestive tract length increased (r2 = 0.247, P =0.009) by 15% from October to 

November in year 2 and these changes were primarily influenced by small 

intestine length (Table 25).  No trends were detected in years 1 and 3. 

 Changes in total digestive tract mass of juvenile male redheads were 

explained by a linear trend in year 3 that increased by 43% (r2 =0.382, P = 

0.024).  A quadratic trend was exhibited in year 2 in which mass increased by 

33% until December (r2 = 0.322, P  = 0.005).  No trend was detected in year 1 

(Table 26).  Gizzard mass had the greatest influence on digestive tract mass 

change in all years as this variable explained >92% of the variation (Table 27).  

No trends were detected for digestive tract length in years 1 and 2 however in 

year 3 digestive tract length increased (r2 = 0.305, P = 0.050) by 28% until 

departure in March with the small intestine having the greatest influence (Table 

27). 

   



    
 

Table  26.  Regression equation, r-square value, p-value and mean for mass and length of digestive tract organs of  
 
immature male redheads in the Laguna Madre, Texas during October–March 2000–01, 2001–02 and 2002–03. 
 
 Year 1 (2000–01, n=15) Year 2 (2001–02, n=24) 

 Regression equation r-square p-value Regression equation r-square p-value 

Mass       

Total digestive tract 97.99 + (0.26)x 0.239 0.064  85.90+ (1.07)x – (0.01)x2 0.322  

  

  

  

  

  

      

  

  

  

  

  

  

0.005

Upper digestive tract 7.78 + (0.04)x – (0.0003)x2 0.230 0.113 7.41 + (0.01)x 0.046 0.313 

Small intestine  14.53 +(0.05)x –(0.0005)x2 0.097 0.387 20.61 - (0.05)x + (0.0002)x2 0.109 0.661

Ceca 1.11 + (0.02)x – (0.0001)x2 0.260 0.082 1.56 + (0.00)x – (0.00002)x2 0.079 0.606

Large intestine 1.96 + (0.02)x – (0.0001)x2 0.335 0.083 2.30 + (0.01)x – (0.00005)x2 0.046 0.389

Gizzard 69.63 + (0.28)x 0.328 0.026 54.02 + (1.11)x – (0.007)x2 0.412 0.001

Pancreas 2.96 – (0.02)x + (0.0001)x2 0.094 0.385 2.00 + (0.01)x 0.292 0.006 

Liver 20.83 + (0.08)x – (0.001)x2 0.052 0.444 25.47 + (0.05)x – (0.0004)x2 0.023 0.555

Length 
Total digestive tract 2385.28 –(3.81)x+ (0.03)x2 0.160 0.185 2278.84 + (2.86)x-(0.014)x2 0.121 0.403

Upper digestive tract 269.15 – (0.49)x+(0.003)x2 0.169 0.167 249.33 - (0.06)x+ (0.0009)x2 0.045 0.712

Small intestine  1624.84 – (3.63)x+(0.03)x2 0.134 0.201 1563.34 + (1.22)x-(0.005)x2 0.060 0.663

Ceca 323.33 + (0.17)x 0.095 0.262 306.94 + (1.00)x-(0.006)x2 0.139 0.170

Large intestine 95.39 + (0.10)x 0.309 0.031 89.56 + (0.37)x-(0.001)x2 0.108 0.579

Gizzard 71.12 + (0.11)x  0.342 0.022 69.67 + (0.33)x – (0.0022)x2 0.235 0.019
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Table  26.  Continued 
 
 Year 3 (2002–03, n=13) 

 Regression equation r-square p-value 

Mass    

Total digestive tract 100.45 + (0.29)x 0.382 0.024 

Upper digestive tract 4.46 + (0.05)x 0.710 <0.001 

Small intestine  9.17 + (0.07)x 0.444 0.013 

Ceca 0.83 + (0.004)x  0.299 0.053 

Large intestine 1.60 + (0.022)x – (0.0001)x2 0.645  

  

  

  

   

  

  

  

0.037

Gizzard 72.21 + (0.59)x – (0.0027)x2 0.297 0.295

Pancreas 2.81 + (0.021)x - (0.00018)x2 0.153 0.344

Liver 11.00 + (0.333)x – (0.00187)x2 0.398 0.054

Length 

Total digestive tract 1897.87 + (3.57)x 0.305 0.050 

Upper digestive tract 229.99 + (0.29)x  0.345 0.035 

Small intestine  1325.97 + (0.24)x + (0.012)x2 0.178 0.747

Ceca 219.29 + (1.06)x  0.608 0.002 

Large intestine 98.26 + (0.05)x + (0.0007)x2 0.233 0.768

Gizzard 73.53 + (0.19)x – (0.001)x2 0.153 0.352
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Table 27.  Regression of digestive tract components on digestive tract 

morphology of immature male redheads collected in the Laguna Madre of Texas 

2000–03.   

Digestive tract component r-square p-value 

Mass   

      Year 1 (2000–01)   
            Gizzard  0.9598 <0.001 
            Small Intestine 0.0388 <0.001 

Sum 0.9987  
      Year 2 (2001–02)   
            Gizzard  0.9257 <0.001 
            Small Intestine 0.0684 <0.001 

Sum 0.9941  
      Year 3 (2002–03)   
            Gizzard  0.9365 <0.001 
            Small Intestine 0.0539 <0.001 

Sum 0.9904  
Length   

      Year 1 (2000–01)   
            Small Intestine 0.9681 <0.001 
            Ceca 0.0200  0.004 

Sum 0.9881  
      Year 2 (2001–02)   
             Small Intestine 0.8820 <0.001 
             Ceca 0.0795 <0.001 

Sum 0.9615  
      Year 3 (2002–03)   
            Small Intestine 0.9425 <0.001 
            Ceca 0.0507  <0.001 

            Sum 0.9932  

    
 



 
 
 

DISCUSSION 

 
 Redheads wintering on the Laguna Madre increased nutrient reserves 

from arrival in October to departure in March.  Trends in body mass exhibited 

variation between years, however average departure body mass was greater 

than on arrival in each year.  These data are consistent with data previously 

reported for redheads wintering in the Laguna Madre (Moore 1991, Woodin et al. 

1996) and for other diving duck species wintering in lower latitudes including ring-

necked ducks (Aythya collaris) in Florida (Hohman et. al 1988) and lesser scaup 

(Aythya affinis) in Texas (Moore 1991).  Woodin et al. (1996) recorded increasing 

body masses for adult female and male redheads in the Laguna Madre with 

averages of 215 g (18.2%) and 148 g (12.5%) heavier at departure, respectively.  

Likewise Moore (1991) reported redhead body masses at departure to be 10.2% 

greater for males and 14.9% for females when compared to arrival body mass.  

The importance of increased overwinter reserves has been well documented in 

waterfowl affecting overwinter survival (Bennet and Bolen 1978) and productivity 

(Ankney and MacInnes 1978). 

 Based on precipitation data recorded in Port Mansfield, years 1 and 2 

were relatively dry with average precipitation recorded during the months of 

October to March being 2.11 cm and 1.73 cm respectively. Year 3 was a wet 

year with an average precipitation of 9.07 cm recorded.  Differences in body and 

lipid mass that were exhibited among the years could be a reflection of potentially 

higher salinities in year 1 and 2 due to the extremely dry conditions.  During 
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these dry years redheads may have increased their energetic demands due to 

increased salinity levels in the Laguna Madre and efficiancy to locate sufficient 

freshwater resources adjacent to the estuary.  These freshwater areas are 

important because they are used by redheads to purge high salt loads that are 

consumed while foraging in the saline waters of the Laguna Madre.  The 

additional flight time (i.e., energy) required to locate freshwater resources during 

the dry years may explain the lower overall body mass in these years compared 

to wet years.   Bailey (1985) suggested that carcass lipid content is directly 

related to foraging time in male redheads.  Trends in carcass fat exhibited strong 

linear increases throughout winter for all years, however year 3 exhibited a 

greater increase in lipid deposition than in years 1 and 2 suggesting that the 

aforementioned environmental conditions may have played a role in the yearly 

variations.    

 Storage of lipid reserves is more advantageous than relying on energy 

stored in other forms (i.e., protein) since fat contains more energy per gram.  In 

addition protein is more costly for birds to transport because muscle mass 

contains approximately 75% water (Blem 2000).  However, the overall increase 

in body mass due to fat stores can lead to several disadvantages.  These 

disadvantages include increased energy demands due to higher metabolic costs, 

higher energy expenditure to carry a larger body mass and increased exposure 

to predators due to the increased time spent foraging to meet the increased 

energy needs and decreased mobility (Biebach 1996).  Body mass and lipid 

reserves increased throughout winter during this study suggesting that 

shoalgrass resources in the Laguna Madre are sufficient to maintain increased 
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lipid levels to offset any disadvantage due to increased energy demand.  

Furthermore, redheads wintering on the Laguna Madre may offset risks due to 

predation by feeding nocturnally.  The strategy to maintain larger body masses 

throughout winter may occur due to timing of pair formation.  Weller (1965) 

reported that redheads in the Laguna Madre began pair formation in mid-winter 

(Dec.-Jan.) with 35% of premigratory females being paired by this time.  Due to 

this early onset of pair formation additional energy is required to maintain these 

pair bonds and thus may explain the constant lipid deposition throughout winter.   

 Overall trends indicate that digestive tract mass and length increased 

throughout winter for adult redheads in the Laguna Madre. Digestive tract 

morphology can be influenced by changes in diet quality and diet quantity 

(Ankney 1977, Kehoe and Ankney 1985) with quality being indirectly related to 

digestive tract length and mass and quantity of food consumed having a direct 

relationship.  Since redheads feed predominately on shoalgrass rhizomes and 

there does not appear to be any seasonal changes in shoalgrass energy or 

macronutrient values over winter (Michot and Chadwick 1994), the increase of 

digestive tract morphology does not appear to be a result of diet quality.   While 

overall trends in digestive tract mass declined after mid-winter, digestive tract 

length increased especially in the small intestines which played a large role in the 

overall variation.  The increase in digestive tract length that corresponds with a 

decrease in digestive tract mass may be a response of redheads to increase 

digestive efficiency through increased nutrient absorption.  

 Based on these data it appears that redheads wintering on the Laguna 

Madre of Texas are capable of developing sufficient metabolic reserves for winter 
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survival and spring migration.  While >50% of the Laguna Madre exhibited 

declines in shoalgrass rhizome biomass, in which 26-33% of this decline was 

assumed to be a result of redhead foraging (Chapter I), nutrient reserves of 

redheads increased from arrival in October to their departure in March.  Current 

food resources (i.e., shoalgrass) do not appear to limit redheads using the 

Laguna Madre of Texas since they were capable of storing fat throughout winter. 

However, continued monitoring and protection of existing shoalgrass beds should 

be maintained so that this resource can continue to support the majority of the 

continental redhead population. 
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