
































































































































































































































































































































































































































































































































































































































































































































































Ca-Staten peaty muck 

r
Ca - Vena do Clay 

40 C 

C (µg/ml) 
Figure 3. Adsorption of lindane (y-benzene hexachloride) from aqueous solution by two 

soils at four temperatures and on bentonite and silica gel at 20"C (from Mills and Biggar 
1%9). 

Wauchope (1978) grouped pesticides into three categories based on the proportion 
of the material applied that eventually ends up in runoff: (1) wettable powders, 

most of which are herbicides applied to the soil surface, with typical long-term 
losses of up to 2-5 percent depending largely on land slope; (2) water-insoluble 

emulsions (usually foliar-applied insecticides), with normal runoff losses of up to I 

percent (except for DDT, which remains available for an unusually long period 

after application and for which runoff losses of 2-3 percent are typical); and (3) 
water-soluble pesticides applied either in aqueous solution to the soil smface or in 

soil-incorporated formulations, for which losses of less than 0.5 percent are typi­
cal. Although a lower percentage of the water-soluble compounds applied tends to 

be lost, a higher percentage is lost in solution (Figure 2). It is therefore available to 

the biota upon reaching the aquatic ecosystem, whereas pesticides adsorbed to 
soil particles may be essentially unavailable. 

Soil and Water Transport to the Aquatic Environment 

Transport of pesticides depends on the movement of water and soil from the 
watershed and the timing of runoff events in terms of application and the com­

pound's longevity. It is common knowledge that some land uses are associated 
with higher sediment production than others. In terms of erosion rates on a unit 
area basis, forests and grasslands rank lowest among major non-urban land uses in 
the United States and active surface mines and construction sites have the highest 

erosion rates (Table I). There is a 500-fold difference between undisturbed forest, 

at 8.5 metric tons/km2/year, and harvested forest at 4,250 metric tons/km2 /year. 

Weighting the rates by acreage in each land use shows that surface mining and 

construction, despite their high unit area erosion rates, contribute relatively little 

to total annual sediment production (Table I). Harvested forests, grassland, and 

cropland together contribute 19 times more sediment each year than do undis­
turbed commercial forests, surface mines, and construction sites (Table 1). The 

major sediment-producing land uses are also the ones involving the heaviest use of 
pesticides. 
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Table 1. Representative erosion rates for land in various uses (adapted from McElroy et al. 

1975). 

Land use 

Forest 

Grassland 

Abandoned surface 

mines 

Cropland 

Harvested forest 

Active surface mines 

Construction 

Annual rate 
(metric tons/km2) 

8.5 

85 

850 

1,700 

4,250 

17,000 

17,000 

Unit area annual 
rate relative to 

forest (x forest rate) 

1 

10 

100 

200 

500 

2,000 

2,000 

Relative rate 
weighted by 

acreage 

1 

11 

<1 

168 

11 

2 

6 

Factors Controlling Erosion and Runoff 

Although erosion from a given field may vary greatly from year to year, long­
term average soil losses from agricultural lands can be described by the Universal 
Soil Loss Equation: 

A= RKLSCP, 

where A (soil loss in units of mass/area/time) is expressed in terms of R, a rainfall 
factor; K, a soil erodibility factor; L, a slope-length factor; S, a slope-steepness 
factor; C, a cropping and management factor; and P, an erosion control practice 
factor (Wischmeier and Smith 1965). These factors, most of which are dimension­
less, adjust erosion of a particular watershed to that of a standard field in continu­
ous fallow. Farming practices determine C, the cropping and management factor, 
andP, the erosion control factor. Land-use practices influence K, the soil erodibil­
ity factor, less directly; it is largely a 'given' property of the soil which can be 
altered through farming practices. Conversely, rainfall, slope, and slope length are 
characteristics of the watershed that tend to influence or limit land uses. 

In general, topsoils with a high percentage of silt and fine sand (particle diame­
ter 0.004-0.1 mm) and low clay and organic matter content tend to be the most 
erodible. Clay and organic matter tend to bind soil particles together, decreasing 
erodibility, but this effect is complex and related to a host of other soil variables 
including pH, moisture content, bulk density, structure, and prior land use and 
tillage practices (Wischmeier and Mannering 1969). Organic material also helps to 
maintain soil structure and porosity and therefore reduces its runoff potential 
(Woolhiser 1976). Many of these erosion-determining properties also influence the 
ability of soil to adsorb and retain many pesticides; for example, adsorption, 
resistance to erosion, and infiltration are all positively correlated with percent 
organic matter and tend to reduce overall pesticide losses. Likewise, organic 
content can be influenced by tillage and crop residue management practices (cf. 
Wischmeier 1976). The erodibility of both surface soils and subsoils exposed at 
construction and surface mining sites is also positively correlated with percent silt 
and fine sand, and negatively correlated with percent organic matter (Wischmeier 
et al. 1971). In heavy clay subsoils, erodibility also decreases with increasing 
levels of amorphous hydrous iron and aluminum oxides, which can serve as soil 
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binding agents (Roth et al. 1974). Soil loss rates can vary widely due to differences 

in soil particle size and particle detachment, which can then cause similar variabil­

ity in the transport of soil-bound pesticides. 

The erosion control practice factor, P, accounts for conservation practices such 

as contouring and strip-cropping, the effectiveness of which are related to slope, 
slope length, and soil infiltration capacity (Wischmeier and Smith 1965). Practices 

related to tillage system, cropping history, and residue management are usually 
accounted for in the cropping and management factor. 

Tillage method is extremely important in determining soil loss; the ability of a 
soil to retain water and resist particle detachment and transport is directly propor­

tional to the roughness and porosity of its surface (Wischmeier 1976). Crusting or 

puddling, which cause surface sealing, increase runoff and soil erosion. Soil com­
paction from the use of heavy equipment increases runoff but may decrease ero­

sion by strengthening the soil. Tillage methods may be categorized as (1) conven­

tional tillage, which includes a primary tillage of moldboard plowing followed by 

several secondary disking and smoothing operations; (2) minimum tillage, in 

which secondary disking operations are reduced or omitted; (3) conservation til­
lage, involving primary and/or secondary tillage operations that leave crop resi­
dues on the soil surface and depend on herbicides to control weeds; and (4) no-till, 

in which a crop is planted directly into an untilled seedbed and herbicides are used 
to kill both weeds and existing vegetation (Wischmeier 1976). 

The cropping and management factor(C) in the Universal Soil Loss Equation is 
directly related to tillage methods and other farming practices. Figure 4 illustrates 

how C varies with farming practices, crop, and crop stage for several important 
crops of the southeastern and south-central United States ( data from Wischmeier 

and Smith 1965). Crop stages are defined as Period F, rough fallow (rough soil 
surface, no cover); Period 1, seedling (smooth soil surface, no cover); Period 2, 
establishment ( smooth soil surface, small plants provide minimal cover); Period 3, 

growing and maturing crop (smooth soil surface, plants provide cover); and Period 
4, residue or stubble (smooth soil surface, residue mulch cover). Changes in C

through the crop stages are due primarily to development of the crop canopy 
(which protects the soil from raindrop impact) and the soil reinforcement provided 
by roots. 

Figure 4-A shows how C for com or soybeans, grown under several manage­

ment practices, changes during the first year following the turning under of mixed 
grass-legume hay. Important features illustrated by this graph are that soil loss in 
the initial rough fallow period is low relative to continuous fallow; losses for 

minimum till practices are lower than for conventional till; soil losses during the 

residue-stubble stage are lower when the residue is left than when it is removed; 
and winter soil losses are greatly reduced when a cover crop is planted. Figure 
4-B, illustrating C for com and soybeans several years after turning the hay crop

under, shows that soil loss is higher than in the first year at almost all stages, even
for minimum till, due to breakdown of the previously incorporated sod. Also, the
protective action of the previous year's crop residue extends through the seedling
period (Period 1, Figure 4-B). The factor C for two hay crops (Figure 4-B) illus­
trates the magnitude of row-crop sediment yields relative to those of grassland.

Figures 4-C and 4-D show the same type of information for cotton. Soil losses 
tend to increase each year after the initial turning under of sod, and the beneficial 
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Figure 4. Erosion of several crops as a percentage of erosion from continuous fallow 

during four crop stages: Period F, fallow; Period 1, seeding; Period 2, establishment; Period 

3, growing and maturing crop; Period 4, residue or stubble (data from Wischmeier and Smith 

1965). 

effect of a winter cover crop persists throughout the following growing season. 
Actual sediment yield to receiving water bodies, and therefore yields of 

sediment-associated pesticides, may be overestimated if the Universal Soil Loss 
Equation is used to estimate losses from small areas, and these delivery rates are 

then applied to an entire watershed (Karr and Schlosser 1977). Sediment yield on a 
unit area basis tends to decline with increasing watershed size, due to increasing 

362 Forty-Fifth North American Wildlife Conference 



sediment storage capacity and decreasing transport energy (Dendy and Bolton 
1976, Ongley 1976). 

The amount and energy of rainfall ultimately determine both soil and water yield 
from a watershed. Rainfall energy, in terms of its ability to detach and transport 
soil particles, is related to both intensity and quantity. The total kinetic energy ofa 
storm times its maximum 30 minute intensity is a measure of its ability to erode 
soils. Summing these values for individual storms over an entire year yields an 
Erosion Index (El) that relates erosion to climate. The rainfall factor, R, in the 
Universal Soil Loss Equation is a long-term (22 year) average of these annual total 
EI values (Wischmeier and Mannering 1969). The distribution ofR for areas of the 
United States east of the Rocky Mountains (Figure 5) shows that the erosive 
ability of rainfall is greatest in the Central Gulf Coast region and tends to decrease 
to the north, northeast, and west (Wischmeier and Smith 1965). Because the 
growing season is long and annual rainfall is high, average runoff is also greatest in 
the Central Gulf Coast region (Figure 6) and, like R, tends to decrease to the 
north, northeast, and west (Stewart et al. 1976a). 

The timing of significant rainfall events relative to agricultural operations is also 
important in determining water, soil, and pesticide yields. Seasonal differences 
exist in the cumulative distribution ofrainfall in contiguous areas of the southeast­
ern and south-central United States (Figure 7, from Wischmeier and Smith 1965), 
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Figure 5. Average annual values of the rainfall factor, R, for areas of the United States east 
of the Rocky Mountains (from Wischmeier and Smith 1965). See text for explanation. 
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Figure 6. Geographic distribution of average growing-season runoff volume (from Stewart 
et al. 1976a). 

even though the rainfall factor may be identical in many locations. For example, in 

Area 22, which includes the lower Mississippi Valley, anR value of 400 is likely to 

be distributed more evenly over the year than would be the same value in Area 29, 

along the southeastern Atlantic Coast. 
Runoff occurrence relative to pesticide application becomes increasingly impor­

tant in determining losses as the longevity of the compound decreases. Many 

studies have shown that runoff from the first few storm events following applica­
tion of short-lived pesticides contains most of the material that will eventually be 

transported from the fields (cf. Smith et al. 1978, White et al. 1976, Willis et al. 
1975, Caro et al. 1974, Bovey et al. 1974). Similar results have been demonstrated 

for longer-lived insecticides (e.g., Willis and Hamilton 1973, Caro and Taylor 

1971, Caro et al. 1972), but significant losses of these compounds may also occur 
months after application. This was shown particularly well for toxaphene applied 

to cotton on an experimental farm in the Mississippi Delta, where runoff concen­

trations were highest following summer application, but sediment and pesticide 

yields were greatest during the spring tillage period (Willis et al. 1976). 
Three types of runoff events are important relative to pesticide transport and 

effects (Wauchope 1978): (1) storms that occur within two weeks of pesticide 
application, yield at least one centimeter of rain, and produce a runoff volume that 

is 50 percent or more of total precipitation. (Unless the pesticide is incorporated or 
is very persistent, these events produce most of the runoff losses likely to occur 

during a season); (2) events producing runoff losses of 2 percent or more of the 
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Figure 7. Rainfall distribution curves for four areas of the southeastern and south-central 

United States (from Wischmeier and Smith 1%5). 

amount of pesticide applied. (This is an arbitrary categorization identifying storms 
that move large quantities of chemicals); and (3) events producing small runoff 
volumes occurring while pesticide residues in the field are high-and therefore 

producing high concentrations in the runoff. (Although total pesticide losses might 

be small, the effects of these short-term, high concentrations can be severe). 
Many land-use practices that determine the loss of soils and soil-associated 

pesticides also influence runoff and the loss of soluble pesticides. In general, 
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practices that reduce erosion also reduce runoff, but to a lesser extent (Woolhiser 

1976). A series of rainfall versus runoff curves (Figure 8) illustrates these relation­
ships. For curve 100, for example, rainfall equals runoff; there is no infiltration. 

As the curve numbers decline, so does runoff percentage. Table 2 lists the curve 
numbers that describe runoff patterns for certain land uses and practices on vari­
ous types of soil in several hydrologic conditions. Soil types grade from A, with 

high infiltration capacity, to D, heavy clay soils with little infiltration capacity. 
Hydrologic conditions grade from "good" to "poor" depending on infiltration 

ability and recent land use. Curve numbers generally decrease from highest (>90) 
in the upper right comer (fallow and straight-row crops on heavy soil) to lowest in 
the lower left (pasture, meadow, or woods on well-drained soils). This gradation 

corresponds to a change from most of the rainfall associated with a storm event 
ending up as runoff at curve 90 to almost none at curve 20 (Figure 8). However, for 

a given crop and soil condition, such as straight row versus contoured row crops 
on Type D soils, farming practices have relatively little effect on runoff quantity. 

Soil moisture content, relative to its water storage capacity, also influences 
runoff; runoff tends to increase as total rainfall during the 5 days preceding a storm 
event increases (Stewart et al. 1976b). 

Land use affects the timing of runoff as well as the quantity. A comparison of 

runoff curves for adjacent farmed and forested watersheds (Figure 9) illustrates 
how a forested watershed's surface litter greatly retards water movement, allow­

ing water to infiltrate the soil and enter streams over a longer period; Despite 
similar runoff volumes and peak flow timing, runoff is more episodic in the farmed 
watershed. In fact, overland flow may be completely lacking in some undisturbed 

watersheds (Hewlett and Nutter 1970). 

8 

V) 
7 

w 

J: 
u 6 
z 

z 5 

Q 4

u.. 
u.. 

3 0 
z 

2 
..... 

u 
w 

"' 

c 

0 

0 2 3 4 5 6 7 8 9 10 11 12 

RAINFALL (P) IN INCHES 
Figure 8. Runoff vs. rainfall curves (from Maukus 1969, Stewart et al. 1976b). 
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Table 2. Representative runoff curve numbers for hydrologic soil-cover complexes 
(adapted from Maukus et al. 1969 and Stewart et al. 1976b). 

Land use, cover, and Hydrologic 
Hydrolic soil groupc 

treatment or practice• condition b A B c D 

Fallow 
SR 77 86 91 94 

Row crops 
SR p 72 81 88 91 
SR G 67 78 85 89 
c p 70 79 84 88 
c G 65 75 82 86 
CT p 66 74 80 82 
CT G 62 71 78 81 

Small grain 
SR p 65 76 84 88 
SR G 63 75 83 87 
c p 63 74 82 85 
c G 61 73 81 84 

CT p 61 72 79 82 
CT G 59 70 78 81 

Close-seeded legumes or 
rotation meadowct 

SR p 66 77 85 89 
SR G 58 72 81 85 
c p 64 75 83 85 
c G 55 69 78 83 
CT p 63 73 80 83 
CT G 51 67 76 80 

Pasture or range p 68 79 86 89 
F 49 69 79 84 
G 39 61 74 80 

c p 47 67 81 88 
F 25 59 75 83 
G 6 35 70 79 

Meadow G 30 58 71 78 
p 45 66 77 83 
F 36 60 73 79 
G 25 55 70 77 

Farmsteads 59 74 82 86 
Roads• 

Dirt 72 82 87 89 
Hard surface 74 84 90 92 

"SR = straight row; C = contoured; CT = contoured and terraced. 
hRelative infiltration capacity based on previous land-use practices: P = poor; F = fair; G = good. 
'Relative infiltration capacity based on soil characteristics: A > B > C > D. 
"Close-drilled or broadcast. 
•Including right-of-way. 

The Lower Mississippi Alluvial Plain 

In light of the previously discussed principles, potential pesticide transport in 
the lower Mississippi alluvial plain can be evaluated. The erosive force of rainfall 
in .this region is the highest east of the Rocky Mountains (Figure .5), and it is 
distributed rather evenly over the year (Figure 7). Runoff volume is also great 
(Figure 6). Because. of the wet climate and the high clay content, and resulting 
poor drainage of many Delta soils, winter and early spring moisture levels are 
frequently too high to permit seedbed preparation. Consequently, fields are pre-
pared as early as possible after harvest in the fall or early winter, leaving the soil 
unprotected through the wet winter and the early stages of crop development the 

Factors Controlling the Fate of Pesticides 367 



N 
60 ·-

E 
... 

Q) 
Q, 

II) 

40 
_,.Farmed 

-

(J 

Q) 

en 
... 

cu 
.I:. 

(J 20 
II) 

0
,. 

I 

40 80 120 

Time (min.) 
Figure 9. Discharge from adjacent farmed and forested watersheds (from Karr and Schlos­
ser 1977). 

following spring (Murphree et al. 1976, Willis et al. 1976). Furthermore, the high 
silt content of the soils makes them highly erodible. The results of this combination 
of agricultural practices, climatic factors, and soil conditions is high erosion and 
water yields despite the flatness of the floodplain. For example, Murphree et al. 
(1976) estimated that nearly 3,000 metric tons/km2 of sediment-nearly twice the 
U.S. cropland average (Table 1)-were exported in one year from an experi­
mental watershed in the Mississippi Delta planted to cotton. 

Compared with farming practices in some other areas of the United States, 
agriculture in the Delta depends heavily on chemicals to control insects, fungi, 
nematodes, and weeds, and to defoliate cotton. To illustrate the relative intensity 
of chemical use, ·Table 3 summarizes some statistics compiled by the U.S. De­
partmel}.t of Agriculture on the use of pesticides by farmers during 1976. Acreage 
and pesticide uses are compared for the major crops of the "Com Belt" states 
(Missouri, Iowa, Illinois, Indiana, and Ohio) and the "Delta States" (Louisiana, 
Arkansas, and Mississippi). Table 4 lists the quantities of the major pesticides 
used by farmers in these two regions. 

The major crops in the Delta States (com, cotton, and soybeans) accounted for 
a total of 73 percent of the area's 13. 5 million cropland acres ( 5. 5 million ha); 53 
percent were planted in soybeans, 18 percent in cotton, and 2 percent in com 
(Table 3). The fourth most important crop was rice. Com and soybeans together 
accounted for 75 percent of the 64.4 million cropland acres (26.1 million ha) in the 
Com Belt-46 percent in com and 29 percent in soybeans. Wheat was the next 
most important crop. Croplands acco·unted for nearly identical proportions of total 
farmland in both areas, indicating similar farming intensities. 

Herbicide use patterns for the major crops differed substantially between the 
two regions (Table 3). Of the acreage planted in com, only 57 percent was treated 
in the Delta States, but 96 percent in the Com Belt, was treated. As a result, Delta 
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Table 3. Acreage and pesticide use in row crop production during 1976 for two regions of the United States (data from Eichers et al. 1978). 

� 
Area planted Herbicide use Insecticide use ;:s 

....

� Thousands Percent of Amount used Percent of Application Amount used Percent of Application 
::::: Crop and of total (thousands acreage rate (thousands acreage rate 
s· region acres farmland of lbs) treated (lb/acre)• of lbs) treated (lb/acre)" � 
....

Com � 
� 

Delta States 405 2 387 57 1.7 22 60 0.1 

....
(163.9 ha) (175.7 kg) (10.0 kg) 

� Com Belt 39,702 46 108,037 96 2.8 14,091 91 0.4 

� (16,079.3 ha) (49,005.6 kg) (6,391.7 kg) 

"" Cottonb 

� 
Delta States 3,342 18 11,562 100 3.5 32,653 100 9.8 "' 

.... 

�- (l,353.5 ha) (5,244.5 kg) (14,811.4 kg) 

� Soybeans 
"' Delta States 9,845 53 15,241 88 1.8 173 89 0.020 

(3 ,987 .2 ha) (6,913.3 kg) (78.5 kg) 

Com Belt 24,700 29 41,505 92 1.8 115 92 0.005 

(10,003.5 ha) (18,826.7 kg) (52.2 kg) 

Total 
Delta States 13,592 73 27,190 90 2.2 32,848 91 2.7 

(5,504.8 ha) (12,333.4 kg) (14,899.8 kg) 

Com Belt 64,441 75 149,542 95 2.4 14,206 91 0.2 

(26,098.6 ha) (67,832.2 kg) (6.443.8 kg) 

•Total pounds used/total acres treated
•No cotton planted in Com Belt

w 



Table 4. Herbicides and insecticides most heavily used by farmers in two regions of the 

United States during 1976 (data from Eichers et al. 1978). 

Delta States Com Belt 

Pesticide 

Herbicides 
Trifluralin 

Propanil 

Fluometuron 

Arsenicalsb 

Bentazone 

Alachlor 

Atrazine 

Butylate 

2,4-Dc 

Total used 

Insecticides 
Methyl parathion 

Toxaphene 

EPNI 

Chlordimeform 

Ph orate 

Dyfonate 

Carbofuran 

Terbufos 

Heptachlor 

Total used 

•Active ingredient (from Eichers et al. 1978) 

Thousands of 
pounds used 

10,349 
(4,694.3 kg) 

5,022 
(2,278.0 kg) 

4,652 
(2,110.1 kg) 

3,054 
(1,385.3 kg) 

2,367 
(1,073.7 kg) 

1,472 
(667.7 kg) 

554 
(251.3 kg) 

28 
(12.7 kg) 

360 
(163.3 kg) 

33,921 
(15,386.6 kg) 

12,450 
(5,647.3 kg) 

10,109 
(4,585.4 kg) 

6,032 
(2,736.1 kg) 

2,727 
(1,237.0 kg) 

0 

0 

39 
(17.7 kg) 

0 

0 

33,710 
(15,290.8) 

Percent Thousands of Percent 
of total pounds used of total 

31 6,764 4 
(3,068.2 kg) 

15 0 

14 0 

9 0 

7 741 <1 
(336.1 kg) 

4 56,690 37 
(25,714.6 kg) 

2 42,131 31 

(19,100.6 kg) 
<1 11,303 7 

(5,127.0 kg) 
7,552 5 

(3,425.6 kg) 

82 155,277 80 
(70,433.6) 

37 315 2 
(142.8 kg) 

30 594 4 
(269.4 kg) 

18 0 

8 0 

3,560 23 
(1,614.8 kg) 

2,323 15 
(1,053.7 kg) 

<1 2,194 14 
(995.2 kg) 

2,001 13 
(907.6 kg) 

1,569 10 

93 15,738 80 
(7,138.8 kg) 

•Monosodium methanearsenate (MSMA)+ disodium methanearsenate (DSMA) 
'2,4-dichlorphenoxyacetic acid 
•ethyl p-nitrophenyl thiono-benzenephosphonate 
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State farmers used only 387,000 pounds (175,543 kg) of herbicides on com in 1976 
as opposed to 108 million pounds (49 million kg) in the Com Belt. The average 
application rate for com (total pounds used/total acres treated) was also higher-
2.8 for the Com Belt, 1.7 in the Delta States. Regional herbicide use patterns for 
soybeans were more similar; most of the acreage was treated (88 percent in the 
Delta States, 92 percent in the Com Belt), and the average application rate was 1.8 
lb./acre in both regions (Table 3). Differences in the totals for soybeans reflected 
the greater treated acreage in the Com Belt (Table 3). 

Cotton production accounted for 42.5 percent of the 27 .2 million pounds (12.3 
million kg) of herbicides used in the Delta States; virtually all the acreage in cotton 
during 1976 was treated at an average rate of 3.5 lb/acre, the highest of any major 
crop in either area (Table 3). However, the average application rate for all crop­
land was about the same for both areas (Table 3). 

Major regional differences in the herbicides used during 1976 were apparent. Six 
chemicals accounted for 80 percent of the 'herbicides used in the Delta States 
(Table 4): trifluralin, used in both cotton and soybeans; the arsenicals and 
fluometuron, used in cotton; the rice herbicide propanil; and the soybean her­
bicides bentazone and alachlor. In the Com Belt, the com and soybean herbicides 
alachlor, atrazine, and butylate, along with. 7 million pounds (3.2 million kg) of 
2,4-D (used primarily in growing wheat) accounted for 76 percent of the herbicides 
used. Of the herbicides used on com, cotton, and soybeans only the methylated 
arsenicals (MSMA, DSMA) can be considered persistent and likely to be as­
sociated with high runoff losses. However, trifluralin is relatively toxic to fish 
(Stewart et al. 1976a), and atrazine is toxic to immature stages of frogs (Mauck and 
Olson 1976, unpublished). 

Insecticide use patterns also differed substantially for the two regions. In the 
Delta States, 32.6 million pounds (14.8 million kg) of insecticides, largely methyl 
parathion (12 million pounds [5.4 million kg], toxaphene (10 million pounds [4.5 
million kg]), EPN (6 million pounds [2. 7 million kg]) and chlordimeform (3 million 
pounds [1.4 million kg]) were applied to cotton, and 100 percent of the cotton 
acreage was treated (Tables 3 and 4). Toxaphene, a persistent organochlorine 
compound, is highly toxic to fish (Johnson and Finley, in press). The compound 
has been used as a fish eradicant (e.g., Hooper and Grzenda 1957), and residues 
from agricultural runoff entering lakes and ponds in Mississippi have caused fish 
kills (Cotton 1977, Bradley et al. 1972). In 1976, over 2 million pounds (900,000 kg) 
of toxaphene were applied to soybeans in the United States. However, most of 
this was in the Southeast; virtually all the toxaphene used in the Delta States was 
applied to cotton (T. Eichers, U.S. Dep. Agriculture, pers. comm., 1980). The 
average insecticide application rate for cotton in the Delta States was about 10 
lb./acre. 

Com farming accounted for most insecticide use in the Com Belt, where 14 
million pounds (6.3 million kg) of mostly organophosphorus and carbamate com­
pounds were applied to 91 percent of the com acreage (Tables 3 and 4). Of the 
com insecticides listed in Table 4, heptachlor, carbofuran, and terbufos have 
caused fisheries or wildlife problems. Of these, only heptachlor, an or­
ganochlorine compound, can be considered persistent and it is no longer in use 
(although significant residues will remain for some time). Except for terbufos, the 
shorter-lived organophosphorus and carbamate insecticides in Table 4 are more 
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toxic to invertebrates than to fish. Like herbicides, their effects on aquatic com­
munities are therefore more subtle, occurring at lower trophic levels, and are 
harder to detect because there is usually no fish kill. Also, these classes of com­
pounds are not generally bio-concentrated or accumulated to any great degree; 
hence, unlike organochlorine insecticides, there is usually little or no residue. 

The average insecticide application rate for soybeans was- much higher in the 
Delta States than in the Com Belt (Table 3). As a result, 173,000 pounds (78,473 
kg) of mostly carbaryl, azinphosmethyl (Guthion), and methyl parathion (Newson 
et al. 1975) were applied to 8.2 million acres (3.3 million ha) in the Com Belt 
(Tables 3 and 4). Because of this use, as well as heavy use on cotton, total 
insecticide application averaged 2. 7 lb/acre in the Delta States as opposed to 0.2 in 
the Corn Belt (Table 3). 

Agriculture in the Delta States also required substantial use of other chemicals 
in 1976. For example, in addition to insecticides and herbicides, 2 million pounds 
(900,000 kg) of the defoliants sodium chlorate and DEF (S,S,S-tributyl­
phosphorotrithioate) and 3.4 million pounds (1.5 million kg) of the soil fumigant 
PCNB (pentachloronitrobenzene) were used in cotton production (Eichers et al. 
1978). Soybean production in the Delta States required 1.8 million pounds of the 
soil fumigant DBCP (dibromochloropropane-none was used in the Com Belt), 
and Delta States agriculture in general required substantial quantities of the fun­
gicides captan and benomyl (Eichers et al. 1978), which are both highly toxic to 
fish (Johnson and Finley, in press). 

Conclusions 

The combination of current agricultural practices, climatic factors, and prevail­
ing soil conditions suggests that there is more risk of toxic materials reaching and 
accumulating in aquatic systems in the lower Mississippi region than in some other 
geographic areas farmed with equal intensity. It is not surprising, then, that fish 
from the Yazoo River, which drains the Mississippi Delta, contain higher to­
xaphene, DDT, and endrin residues than fish from any other station in the Na­
tional Pestici\le Monitoring Program (U.S. Fish and Wildlife Service, Columbia 
National Fisheries Research Laboratory, unpublished data) along with substantial 
residues of other organochlorine insecticides and arsenic. Although the toxicolog­
ical effects of such chemical combinations are difficult to define, the fishery re­
source losses that have resulted have been well publicized. 

Agricultural practices are changing. The current trend toward reduced tillage, 
brought about largely by rising energy costs, should generally increase soil con­
servation. The limited data presently available (e.g., Baker et al. 1978, Willis et al. 
1976, Triplett et al. 1978) suggest that the reduced transport of sediment­
associated pesticides achieved through incorporation of these farm practices may 
negate some of the potential environmental consequences of increased herbicide 
use required in reduced tillage farming. More definitive research in this area is 
needed, especially to determine the effects of long-term exposure of aquatic com­
munities to low levels of water soluble compounds. Other farming techniques, 
including optimization of planting time and pesticide placement, planting of resis­
tant crop varieties, crop rotations, trap plots, and biological controls (e.g., 
Newson et al. 1975, Stewart et al. 1976a, Gilman et al. 1978, Crawford et al. 1972, 
Woolf and Brugman 1973) substantially reduce the quantity of pesticides neces-
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sary for profitable crop production. As a result, recommended application rates 
are declining (e.g., Newsom et al. 1975), and fewer persistent compounds are 
being used. Cotton acreage, with its heavy pesticide requirements, is also decreas­
ing. Nevertheless, agriculture in the Delta States will probably still require high 
rates of pesticide application relative to other areas, and recent evidence (Cole­
man 1979) suggests that even short-lived compounds draining from farmland may 
threaten aquatic resources. 

Bottomlands in the Lower Mississippi Valley are rapidly being cleared and 
brought into crop production (Frey and Dill 1971, Sternitzke 1976, Yancey 1969). 
Increasing the amount of land farmed for. row crops will obviously increase the 
quantities of pesticides to which aquatic ecosystems in this region will be exposed. 
Compared with other areas, climatological and soil conditions are conducive to 

the transport of materials from the land's surface to receiving water bodies. Con­
sequently, agricµltural chemicals are likely to find their way into and possibly 
threaten aquatic resources as a result of these land-use changes. 
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Management of Lowland Hardwood Wetlands for 

Wildlife: Problems and Potential 

Leigh H. Fredrickson 
School of Forestry, Fisheries, and Wildlife, University of Missouri-Columbia, Gaylord 
Memorial Laboratory, Puxico, Missouri 

The Mississippi River Delta has changed dramatically since Europeans arrived 

on this continent. The loss of over 20 million acres (8 million ha) of the original 25 
million acres (10 million ha) of lowland hardwood habitat and its conversion to 
row crops is one of the most obvious changes (MacDonald et al. 1979). Structural 

attempts to control natural water flow are in evidence everywhere in the form of 
levees, ditches, dug channels, dams, diversions, by-passes, and pumping stations. 
Numbers of once-common wildlife have decreased dramatically and other wildlife 

species have become extinct or extirpated. The passenger pigeon (Ectopistes 

migratorius), Carolina parakeet (Conuropsis carolinensis), ivory-billed wood­
pecker(Campephilus principalis), and Bachman's warbler(Vermivora bachmanii) 
are reminders of a lost heritage. Swamp rabbit ( Sylvilagus aquaticus) numbers are 
reduced and usually require forested areas of 600 acres (250 ha) or more for 
survival (Korte and Fredrickson 1978). Black bear (Ursus americanus), mountain 
lion (Felis concolor), and river otter (Lutra canadensis) are reduced greatly in 
numbers and distribution. 

The combined effects of water resource developments, government subsidies, 

the introduction of soybeans as a cash crop, a developing agricultural technology, 
and other factors result in the continuing demise of southern swamps (Korte and 
Fredrickson 1977). In this process, the natural phenomena that controlled and 
maintained the vitality of this productive system were overlooked. As forested 
areas disappeared in the lower Mississippi drainage, there was an increasing con­
cern for maintaining adequate wildlife habitat and areas for future generations to 
enjoy. The designation of lowland hardwoods as priority 7 for acquisition by the 
U.S. Fish and Wildlife Service is a recent positive step that assures some 
hardwood habitats will be saved. Nevertheless, inadequate funds and current 
public opposition to large acquisition programs preclude adding more than a few 
key areas as public lands. 

Lowland hardwood forests are complex systems. Functionally, these southern 
forests probably have many similarities to tropical rain forests and fewer 
similarities to North American forests where our understanding is more complete. 

Our lack of understanding of energy flow and other natural processes in wetland 
forested systems reduces our effectiveness in making good decisions for acquisi­
tion, protection, and management (Mooney et al. 1980). Biologists are just begin­
ning to recognize the delicate balance between physical condition, breeding poten­
tial, and wintering habitat of waterfowl. Previously, our main research thrust to 
enhance duck production was geared toward breeding ground studies, but winter­
ing needs were largely overlooked (Fredrickson and Drobney 1979). The mainte­
nance of highly productive populations of migrant birds, including the highly 
prized mallard (Anas platyrhynchos), necessitates protection and management of 
lowland hardwood wetlands. An understanding of the allocation of time and en-
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ergy by wintering birds is essential in the development of optimum management 
strategies. As we understand how, when, and where energy becomes available to 
wildlife, our appreciation of the lowland hardwood system is enhanced and we can 
improve our efforts at protection, management, and acquisition. For example, 
Section 404 of the 1977 Clean Water Act provides a legal base for wetland protec­
tion. When regulatory agencies only recognize a part of the lowland hardwood 
wetland, the cypress zone, under Section 404, the regulation only provides protec­
tion for wetter portions of the wetland rather than the larger functional unit. 

The purpose of this paper is to emphasize the importance and the difficulty of 
whole system management. An understanding of wood duck (Aix sponsa) behav­
ior and this species' allocation of time and energy is used in this paper to gain an 
insight into how obvious and subtle habitat manipulations, man-made or natural, 
affect wildlife and their survival. 

Lowland Hardwood Wetlands 

Undisturbed lowland hardwood wetlands are dynamic systems where short­
and long-term water fluctuations are dominant forces that control plant and animal 
communities. Short-term water cycles are dependent on local rainfall or headwa­
ter flooding from midwinter until early summer. Mean annual rainfall within the 
Mississippi Delta is 45 inches (114 cm) in southeastern Missouri and increases at 
more southerly locations (Fredrickson 1979a). Mean monthly rainfall gener­
ally increases in November and is highest during March, April, and May when 
amounts regularly exceed 4 inches (11 cm) monthly and cause annual spring 
flooding (Knauer 1977). Nevertheless, usually heavy rainfall of6 inches (14 cm) or 
more may occur during any month in this region. These annual variations in 
rainfall determine the extent of flooding; extensive flooding is usually concurrent 
with heavy rainfall. Because lowland hardwood wetlands within the Mississippi 
Delta are usually associated with riverine systems, backwater flooding is also 
important. The combination of local rainfall and backwaters results in unusually 
deep flooding at infrequent intervals. 

Drainage is poor throughout the Mississippi Delta because of the generally flat 
landscape. The low relief from meander scars and other landforms characteristic 
of riverine systems further impedes water flow. The rate of drainage is slowed 
further by naturally occurring logjams as well as by beaver (Castor canadensis) 

impoundments. Poor drainage and variable rainfall coupled with occasional back­
water flooding results in a great diversity of flooding on any given wetland tract. 
The lowest elevations may hold permanent water except during the driest years, 
whereas some higher sites may have surface water no more than 1 year in 10. In 
contrast to flood conditions, high temperatures and reduced rainfall in late sum­
mer and early fall result in drought conditions that have another important impact 
on this dynamic wetland system. 

Woody and herbaceous vegetation within lowland hardwood wetlands has a 
zonation or diverse horizontal distribution pattern that reflects differing elevations 
or water depths (Hedinger 1979a, 1979b, Fredrickson 1979c). The pattern occurs 
in response to flooding regimes where differences in the timing, depth, and duration 
of flooding have important impacts on the germination, establishment, and growth 
of plants. The lowest sites that are flooded the longest have the most water­
tolerant trees such as baldcypress (Taxodium distichum) and water tupelo (Nyssa 
aquatica). Moving upward in elevation, overcup oak ( Quercus lyrata), pin oak ( Q. 
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palustris), willow oak (Q. phellos), and shagbark hickory (Carya ovata) occur at 
locations where water depths are less during flooding and the duration of flooding 
is gradually reduced. Submergents such as watermilfoil (Myriophyllum sp.) or 
watershield (Brasenia schreberi) occur in permanent water in the lowest sites. 
Then moist soil plants such as smartweeds (Polygonum sp.), barnyardgrass 
(Echinochloa sp. ), and beggarticks (Bidens sp. ) occur on intermediate elevations 
after waters recede. Terrestrial vegetation occurs at the highest elevations and 
may be more widespread during dry years. 

Severe deep flooding also has important impacts on the wetland plant commu­
nity. For example, 7 percent of the oaks on a Missouri site suffered mortality after 
a summer flood in 1973. Large mature pin oak and cherrybark oak(Q.farcata var. 

pagodaefolia) were the most obvious victims of summer flooding where water was 
40 inches (100 cm) deep for a month or more during the growing season. This type 
of mortality results in single tree openings within the forest canopy that are par­
ticularly valuaple for wildlife. After several years, downed limbs and trunks from 
these large trees provide cover for swamp rabbits and other animals. Herbaceous 
plants, such as Carex species, develop within these openings and serve as a 
readily available forage. The species composition of the woody and herbaceous 
growth within these new openings reflects current flooding conditions and results 
in a patchy environment. Both structure and plant composition may be very 
different from the surrounding forest. Waterfowl congregate in great numbers in 
these openings where moist soil seeds are produced. 

Although water cycles in southern hardwoods are erratic, these cyclic 

phenomena resemble the dynamic situation that occurs within glacial prairie 
marshes in the northcentral United States where wet-dry cycles normally result in 
the development of submergents and the elimination of many emergents every 3 to 
7 years (Weller 1978). Drying of basins or fluctuating waters are required in both 
systems for the establishment of wetland plants. Undoubtedly, productivity varies 
within lowland hardwood wetlands in relation to the water cycles, but these 
changes are not well documented (Conner and Day 1976). Prairie nesting water­
fowl respond to favorable habitat and abundant food resources when prairie wet­
lands are reflooded, and have higher recruitment during the wet phase of the 
prairie wetland cycle. The complexity of hardwood communities and the secretive 
habits of wood ducks and hooded mergansers (Mergus culcullatus) make correla­
tions between habitat conditions and the productivity of these two species very 
difficult. 

The Wood Duck 

Wood ducks frequent forested habitats from southern Canada southward 
throughout the United States east of the Rocky Mountains and in the West from 
California into Washington. The primary distribution includes the Mississippi 
Delta where lowland hardwood wetlands are in abundance (Bellrose 1976). Wood 
ducks have evolved in response to adaptive pressures within these southern wet­
lands (Drobney 1977, Scherpelz 1979). Their specific habitat requirements restrict 
their distribution to wooded wetlands (Weller 1%4:54). Because of their fitness for 
life within lowland hardwood wetlands, habitat requirements and the allocation of 
time and energy by wood ducks provide an insight into how natural and man-made 
impacts influence the survival and reproductive potential of wildlife. 
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Although male wood ducks are often described as the most gaudy of all North 

American waterfowl, the white and irridescent feathers are cryptic when the 
disruptive color pattern is viewed in flooded timber with intermittent light (Scher­

pelz 1979). Males are obvious at short distances, but at a distance they remain well 

camouflaged in the vegetation normally occurring in wooded wetlands. The di­

verse vocalizations of wood ducks are another adaptation to forested habitats. In 

these wooded wetlands where visual signals are of limited value, vocalizations 

concentrate, orient, and synchronize birds for courtship, and enable hens to syn­

chronize the exodus of their broods from nesting cavities (Gottlieb 1963, Scher­
pelz 1979). 

The lack of site attachment allows wood ducks to exploit food resources in a 

dynamic environment where waters are constantly fluctuating. The constant 

water fluctuations within southern forested wetlands in spring and the restricted 

feeding mode of wood ducks require that food resources must be exploited oppor­

tunistically. Pairing begins in September and paired males provide the protection 
to allow females to feed unmolested before and during egg laying (Korschgen and 

Fredrickson 1976, Drobney and Fredrickson 1979). Although wood ducks feed in 

fields on occasion (H. George, California; R. Palermo, Louisiana; C. Endicott, 

Missouri; pers. comm.), this species consistently uses natural wetlands more than 

many other anatids (Knauer 1977, Taylor 1977). The digestive tracts of all 166 

wood ducks that were examined for foods consumed in Missouri during spring and 
early fall contained naturally occurring foods. Only 4 birds consumed a cultivated 

food (soybeans) even though all birds were collected within 0.3 miles (0.5 km) of 
crop fields (Drobney and Fredrickson 1979). 

An examination of energetics and foods consumed in relation to breeding status 
further verifies the importance of natural lowland hardwood wetlands. Wood duck 
breeding strategy requires that enough high energy foods are consumed before egg 

laying to accumulate the endogenous lipid reserves equivalent to a clutch of eggs 
(Drobney 1977). These lipids are acquired from readily available environmental 

sources such as ash (Fraxinus sp. ), elm (Ulmus sp. ), and maple seeds (Acer sp.) 
as well as from acorns, seeds of buttonbush (Cephalanthus occidentalis), water­

shield, and other aquatic and semi-aquatic plants. Laying cycles are initiated once 
nesting hens weigh about 1.7 pounds (760 g). At this weight, hens appear to have 

enough lipid reserves to lay about 12 eggs. The most critical food resource, how­
ever, is protein because it must be acquired from exogenous sources over an 18 

day period immediately before and during egg laying (Drobney 1977). Protein 
resources are readily available in lowland hardwood wetlands as the macroinver­
tebrates that are normally associated with leaf litter (Hubert and Krull 1973). 

Amphipods, isopods, gastropods, insects and arachnids are usually present. Dur­
ing January, macroinvertebrate biomass from leaf litter within the flooded pin oak 

zone is 0.14 gram'per square foot (1.5 gim2
, dry weight) in Missouri (D. White, 

pers. comm.). On a dry weight basis, this is equivalent to about 14 percent of the 

standing crop of acorns (McQuilken and Musbach 1977). The diverse protein 

sources in these natural wooded wetlands have a diversity of amino acids that are 
common to wood duck eggs. These specific energy and protein requirements 
exploited by wood ducks clearly delineate the importance of natural wetlands 

where dynamic water fluctuations are the rule. 
A restrictive requirement for breeding wood ducks is an abundance of tree holes 
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used for nesting sites (Weller 1964). The cavity dimensions suitable for use dictate 

that trees at least 16 inches (40 cm) dbh provide the majority of cavities suffi­
ciently large for use by wood ducks (Weier 1966). Competition for these scarce 

cavities among wood ducks and other wildlife such as squirrels (Sciurus sp.) may 

limit recruitment (Weier 1966, Bellrose 1976). The excellent homing tendencies of 
wood ducks assure that successful hens are likely to return to the same cavities in 

subsequent years. Some hens have returned to specific sites in Missouri for as 
many as nine consecutive years. Hens with precise homing tendencies not only 

account for the majority of the annual recruitment, but produce female offspring 

with similar homing and recruitment tendencies. In Missouri, about 80 percent of 
the breeding females return to nest in the same general area (within 0.25 mile) and 

26 percent regularly return to the same nest site (Hartman 1972, Clawson 1975). 

Attempts to attract wood ducks to new nest boxes only 0. 5 mile from dense 

populations have been largely unsuccessful in Missouri. 
Early pairing, such as occurs in wood ducks, is advantageous where nest sites 

are limited (Orians 1969). Dump nesting is a common phenomenon in wood duck 
populations and may, in part, replace losses caused by predation or disturbance 

from nest site use by other species (Clawson et al. 1979). Although dump nesting is 

reported regularly from populations using nest boxes (Grice and Rogers 1965, 

Jones and Leopold 1967, Morse and Wight 1969, Heusmann 1972), wild popula­

tions also exhibit this laying behavior (G. Haramis, D. Gilmer, pers. comm.). 

Because young hens may lay eggs but fail to incubate them, and because all ages 

of wood ducks commonly lay in other wood duck nests, and because wood ducks 
regularly incubate more eggs and rear more young than the number of eggs in the 

average clutch, dump nesting probably makes efficient use of scarce nest sites. 
The annual chronology of events determines the types and locations of habitats 

required for wood duck survival. Wood ducks are resident birds throughout the 

South and normally move to and from southern wetlands within a general 

framework of calendar dates. Wintering wood ducks form loose aggregations and 

utilize the more permanent water areas where buttonbush, swamp privet(Foresti­
era acuminata), waterelm (Planera aquatica), baldcypress, and water tupelo oc­

cur. Other zones with oaks and pecans (Carya sp.) are exploited when flooding 
makes mast and other food resources available there. Local birds in the South 

begin prenesting activities before all migrants depart for northern nesting areas 

(Bellrose 1976). The movement into the northern extremity of the Delta normally 

occurs during the third week of February (Hansen 1971, Bellrose 1976), but the 
initiation of laying is dependent on temperature and food resources. Paired males 

leave their females soon after incubation begins and move to molting areas 

(Gilmer et al. 1977, Clawson et al. 1979). Based on returns from Missouri web­
tagged wood ducks, young initiate a postbreeding dispersal toward the north after 

fledging. Wood ducks form spectacular fall concentrations on traditional staging 
areas usually associated with wooded wetlands before their return to wintering 

areas (Hein 1961). 

Water Resource Developments 

Subsistence exploitation by native Americans was commonplace throughout 

the Mississippi Delta before Europeans arrived in North America. Undoubtedly, 

the abundance of Indians in this area reflected the availability of natural foods in 
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these forested wetlands. Following the Louisiana Purchase, conversion of low­

land forests to rowcrops gradually increased as agriculture and technology ex­

panded and as America's population increased. Eventually, some lands were 

placed in public ownership, but timber and wildlife management goals continued 

to have important implications for these wetland habitats even though the forests 

were not destroyed. 
Drainage attempts before 1900 were largely unsuccessful because capital was 

not available, equipment for digging large channels was not developed, and hyd­
rologic cycles were poorly understood (Korte and Fredrickson 1977). By 1900 the 

dipper dredge and the necessary capital for major drainage attempts were avail­
.able. Drainage by some organized districts achieved success, but many attempts 

were failures. Successful drainage efforts resulted in a gradual conversion of 
wetland forests to rowcrops. Soybeans are particularly well adapted to soils in the 

Mississippi Delta and mature in the short period between the annual spring flood­
ing and frost. Potential economic gains from soybean production were largely 

responsible for forest clearing of wetter sites since 1950 (MacDonald et al. 

1979:54). 
As drainage practices improved, agriculture continued to develop, rural popula­

tions expanded, and towns and cities developed along rivers in response to the 

increased flow of goods to and from agricultural areas. Eventually, levees were 
constructed to protect agricultural and commercial properties. By 1976 there were 
2,186 miles (5,400 km) of main stem levees with another 1,050 miles (2,600 km) of 

levees along streams away from the main stem of the Mississippi (MacDonald et 

al. 1979). Levees have two important impacts on natural flooding regimes. Pro­

tected areas outside levees lack normal water fluctuations. Here, forests are either 
cleared and converted to rowcrops or forests become dryer and no longer main­
tain their wetland character (J. Gosselink, pers. comm.). Inside the levees, flood­

ing may occur for longer periods at greater depths. Hence, leveed areas have 
stabilized or static water regimes that are either dryer or wetter than the natural 

dynamic water fluctuations. The intermediate water fluctuations no longer occur 
and the plant and animal communities associated with the former water regimes 

disappear (Table 1). 
Channelization decreases flooding duration, depth, and frequency. As flooding 

regimes are modified, forest species composition changes (Conner and Day 1976, 
Fredrickson 1979a). Where forests remain, flood waters recede so rapidly that 

plant composition shifts toward species more characteristic of dryer sites and 
some wetland wildlife no longer find these areas attractive. As flooding lessens on 

wooded sites after channelization, landowners convert forests to rowcrops 
(Holder 1970). 

Upstream reservoirs also modify normal water cycles. Flood waters held in 
reservoirs reduce the depth and duration of downstream flooding. Reservoir wat­
ers that are released during dry periods may cause lowland flooding out of the 

normal flooding cycle. Such modifications in water cycles result in subtle changes 

in the composition of forest plants (Table 1). 
The obvious and significant impact of agriculture on forests is the removal of 

trees. Nevertheless, some wildlife regularly use crop fields where they feed on 

waste grain (Bossenmaier and Marshall 1958). Even though fields throughout the 

Mississippi alluvial plain may be flooded regularly in winter and spring, tillage 
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Table 1. Probable effects of water resource developments on lowland hardwood wetlands 

and on wood duck habitat. 

Effects on lowland Effects on wood 
hardwood wetland" duck habitat" 

Development Positive Negative Breeding Wintering 

Agriculture 2 8,9,10 16 

Channelization 2,3,4 9,10,12 16 

Drainage 2,3,4 9,10,12 16 

Levees 

Areas within 5 4 13,14 17 

Areas outside 2,3,4 9,10,12 16 

Upstream reservoirs 1 2,3,4 9,10,12 16 

Greentree reservoirs 6 4,7 15 18 

"Wetland effects: 1 = None, 2 = Forests cleared, 3 = Flooding reduced, 4 = Composition of trees shifts 
toward Jess water tolerant species, 5 = Some forests remain, 6 = Makes plant foods available early in 
fall, 7 = Static water levels. 

bHabitat effects: 8 = No aquatic macroinvertebrates, 9 = Fewer nest sites, 10 = Reduced cover, 11 = 
Reduced flooding, 12 = Fewer aquatic macroinvertebrates, 13 = Deep water precludes feeding on many 
sites, 14 = Turbidity reduces submergent plant growth, 15 = Macroinvertebrate food available early, 16 
= Reduction in food resources and cover, 17 = Flooding provides roost areas, but foods are unavailable 
if waters are too deep, 18 = Provide roosting and feeding sites for long periods. 

disrupts the substrate, making survival of aquatic macroinvertebrates, such as 
isopods and amphipods, unlikely in agricultural habitats. The indirect effects of 
agricultural practices on lowland harqwood wetlands are widespread throughout 
the Mississippi Delta (Di Giulio 1978). The most insidious effects on natural wet­
lanqs result from agricultural runoff. Pesticides, herbicides, fertilizers, and sus­
pended soil particles are serious problems and readily degrade natural wetland 
habitat. 

Wetland Management Practices on Public Lands 

Currently there are about 643,000 acres (260,000 ha) of lowland hardwood 
habitats in public ownership. The states of Arkansas, Louisiana, and Mississippi 
contain the largest holdings of 322,000 (130,000 ha), 160,000 (65,000 ha), and 
112,500 (45,500 ha) acres respectively (Table 2). We generally think of public lands 
as being free of environmental degradation because they are managed for wildlife 
or timber resources. Many southern management areas are subjected to unusually 
turbid waters because flood channels cross public lands or because management 
areas lie within basins that regularly receive agricultural discharges. A good 
example is Big Lake National Wildlife Refuge in northeastern Arkansas that re­
ceives five major drainage ditches from the bootheel of Missouri. The state-owned 
Saline Wildlife Area in Louisiana and the Ben Cash Wildlife Area in Missouri both 
receive turbid flood waters as do Hillside and Panther Swamp National Wildlife 
Refuges in Mississippi. In fact, it is unlikely that any public lands are free from the 
problem of water turbidity. 

Water level control is the primary management procedure on public lands. 
Many areas have gross water control, but manipulation of water levels to within 1 
inch (2.5 cm) are important because such subtle differences elicit plant responses. 
However, such precise water control is often impossible because of inadequate 
control structures. Greentree reservoir management is one good example of a 
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Table 2. Area of lowland hardwoods in public ownership in the Mississippi Delta.• 

Acres 

U.S. Fish and U.S. Forest 
State Wildlife Service Service Total 

State Forested Total Forested Total Forested Total Forested Total 

Arkansas 148,500 153,000 173 ,500 197 ,000 0 0 322,000 350,000 

Illinois 7 ,000 14,000 0 0 3,000 3 ,000 10,000 17 ,000 

Kentucky 0 0 6,000 10,000> 0 0 6,000 10,000 

Louisiana 107 ,000 117 ,000 43,000 44,500 0 0 150,000 161,500 

Mississippi 11,500 14,000 30,000 44,000 71,000 71,000 112,500 129,000 

Missouri 10,000 14,000 14,500 22,000 0 0 24,500 36,000 

Tennessee 15,500 23,500 2,000 1,000 0 0 17,500 24,500 

Total 299,500 335,500 269,000 318,500 74,000 74,000 642,500 728,000 

"Base data from U.S. Fish and Wildlife Service, Atlanta, Georgia, but modified by discussions with state 
personnel. Acres rounded to the nearest 500. 

• Includes that part of Reelfoot Lake National Wildlife Refuge that lies in Tennessee.

specific wildlife management technique where waters are manipulated on forested 
habitat. Forested sites are leveed and flooded in fall to make mast available for 
waterfowl. Typically, these man-made flooding schedules eventually result in 

habitat modification because of tree mortality or gradual shifts in plant composi­
tion (Fredrickson I979a). 

Managers face many difficult problems in their attempts to maintain high quality 
forested wetlands. In cases where managers lack an understanding of the complex 

water fluctuations common to lowland hardwood wetlands and how these fluctua­
tions affect plant and animal life, management procedures are often misdirected. 
Even when managers have an excellent understanding of water dynamics, the 
management potential may be minimal. Control over incoming waters is often 
restricted. Few levees are built on contours; hence, low sites are flooded deeply 
while high elevations have little, if any, flooding (Table I). 

Management Implications 

Although wood ducks exploit habitats outside the Mississippi Delta, the 
forested wetlands in this region encompass the principal breeding area for this 
species. Thus, 80 percent of the forested habitat within the principal range of the 
wood duck has been eliminated. Habitat quality within the remaining 5 million 

acres (2 million ha) has deteriorated because of agriculture, drainage, channeliza­
tion, upstream reservoirs, reduction of large forested areas to small remnants, and 

water management practices. The 643,000 (260,000 ha) currently in public own­
ership undoubtedly will ensure the survival of wood ducks, but these areas proba­
bly are inadequate to supply a surplus for hunting at the 1978 harvest rate of 

760,000 in the Mississippi Flyway (R. Pospahala, pers. comm.). 
Even if all remaining forests were protected within the range of the wood duck, 

continuing adverse impacts on forests dictate that a diversity of forested wetland 

habitats must be made available through management. The recognition of specific 
food and energy requirements for wood ducks provides managers with key in­

sights into the potential for producing foods and maintaining desirable habitat 
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conditions for wood ducks as well as for a variety of lowland wildlife. Agricultural 

systems supply few requirements for wood ducks. Hens displaced by forest clear­

ing are unlikely to move elsewhere because of their precise homing to nesting 
areas. The more ·permanent water areas where baldcypress predominate may 
remain after clearing, but these isolated wetlands have reduced habitat values. 
The more permanent water areas within large wetland tracts provide important 

habitats in fall and winter, and are protected on both public and private lands. 
Regulatory agencies recognize this wetland zone and provide protection under 
Section 404 of the 1977 Clean Water Act. 

Desirable water depths and adequate food resources are more difficult to pro­

vide in breeding wood duck habitat. Upstream reservoirs, drainage, channeliza­

tion, and levees reduce spring flooding of leaf litter where breeding wood ducks 

normally feed. The shallow flooding is essential to stimulate the production of 
protein foods and to provide desirable feeding conditions before and during egg 

laying and during early brood rearing. Enough sites must be flooded to provide 
food resources over about 2.5 months. Currently, the regulatory agencies do not 

interpret Section 404 of the 1977 Clean Water Act to provide widespread protec­
tion of these higher zones within lowland hardwood wetlands where protein re­
sources for wood ducks are readily available. Until these zones are recognized as 

wetland habitats, these desired habitats are only protected on public lands. 
Managers cannot always meet habitat objectives on public lands because of 

forces beyond their control. Some areas may be small islands of forests and lack 
diverse wetland habitats. Control of water entering or leaving some areas may be 
impossible. Some areas may lack the severe flooding that creates single-tree open­

ings, whereas other areas may have extensive flooding where excessive mortality 
of trees occurs. Even though water manipulation in lowland hardwoods is not a 
precise science, the importance of dynamic water fluctuations is so obvious that 
acquisition, development, and manipulations on management areas must be di­
rected toward the maintenance of diverse water fluctuations. 
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River Corridor Approach to Bottomland Management 

John R. Clark 
The Conservation Foundation, Washington, D.C. 

Introduction 

Having seen 90 percent of the bottomland hardwood forests of the Mississippi 

Valley converted to cropland or otherwise taken away from the river ecosystem, 
we sense that we have lost something of great value. What appears to be lost is the 
great power of these forest areas in their natural state to nurture fish and game, to 
purify streams, and to sequester flood waters. Bottomland hardwoods are among 

the most valuable of the riparian habitats, of which Hirsch and Segelquist (1979) 
comment: "Inasmuch as riparian ecosystems play a critical role .in maintaining 
fish and wildlife productivity and diversity, more vigorous efforts are needed to 

protect and manage these valuable resources." 
That con servers should be making a major effort now, after watching the pro­

gressive obliteration of bottomland hardwoods over several decades, is not so 

much oversight as the intractability of the problem under present laws, programs, 
and constitutional protections. Some years ago, when faced with this type of 
situation concerning wetlands in general, the advocate groups organized cam­
paigns which were amazingly effective in securing protection for marshes and 
swamps (e.g. Section 404 of the 1972 Clean Water Act, proliferation of state 
wetland programs, intensified acquisition). But the hardwood bottoms were not 
given parity with marshes and swamps and the wetland initiatives did not succeed 
in providing much protection for them. The reason is that they are marginal in 
certain respects; that is, their connection to water ecosystems is less obvious and 
their functional values are less explicit. 

While the hugh acreages of bottomland hardwoods and their broad sweep 
across the riverscape have made the easy solution of public purchase unrealistic, 

conservation advocates have not yet given up on other initiatives, particularly: (1) 
Pushing for their incorporation into the Section 404 regulatory permit program of 
the Corps of Engineers and the U.S. Environmental Protection Agency (EPA) by 
broadening the definition to include them as wetlands and (2) influencing the 
Corps of Engineers and other public works agencies to avoid interference with 
their functions when constructing flood management and other structures to con­
trol rivers. If these initiatives had been fully successful, this Special Session of the 
45th North American Wildlife and Natural Resources Conference would never 
have been called. 

Using the Section 404 Mechanism 

To make bottomland hardwoods conservation more successful, it is necessary 
to build both a more active constituency and a stronger case for their protection. 

Let us assume that a stronger constituency can be formed from the advocates of 
stream protection, flood protection, nature study, wetlands, fish, game, water­

fowl, and so forth and that these supporters will be able to make a strong enough 
case to convince development agencies, agriculture and forestry interests, water 
control and supply interests and urban and industrial development boosters. I will 
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then concentrate on the matter of building a stronger case for their protection 
along with some suggestions for mechanisms. 

Surely, the easiest approach to conservation of bottomland hardwoods would 
be to include all of them within the definition of Section 404 of the Clean Water 
Act of 1972. But there has been great difficulty in accomplishing this. It has taken 
several court decisions to convince federal agencies to extend protection to wet­
iands as high on the landscape as the level of the Ordinary High Water Line 
(Extreme High Water for coastal systems). The bottomland hardwoods lie above 
the Ordinary High Water Line, for the most part, and therefore beyond the bounds 
of Section 404 in the opinion of such important actors as the Lower Mississippi 
Valley Division of the Corps of Engineers who issue or deny Section 404 permits 
for alteration of wetlands and who has most of the national inventory of bottom­
land hardwoods in its Districts. 

In a recent key permit case, the Vicksburg District of the Corps at first declined 
to require a permit for clearing of a 20,000-acre (8,093 ha) tract in central 
Louisiana and, when finally persuaded to do so by various pressures, declined to 
extend wetland permit coverage above the swamp areas (about 7,000 acres [2,833 
ha] which are flooded every year) into the 13,000 acres (15,260 ha) of hardwood 
forest as requested by the U.S. Fish and Wildlife Service and private interests. 
Nevertheless, the owner of this property (variously called "The Prevost Tract", 
"Lake Ophelia", and "Lake Long") brought suit against the U.S. Government, 
denying that Section 404 applied to the 7,000 acres. The Justice Department then 
handled the defense (the case closed on February 15, 1980, and a decision is 
expected in April). Justice decided that not less, but more, of the area was wet­
lands under Section 404 and held in court that the permit requirement should 
extend to approximately 16,000 acres (6,475 ha) of swamp and bottomland 
hardwoods. Even though a decision has yet to be handed down, this case is very 
instructive because all the issues surrounding federal regulatory protection of 
bottomland hardwoods were involved. 

First, the position taken by the Justice Department on_ Lake Ophelia is not fully 
supported by some federal agencies and is extremely unpopular with politically 
potent factions in the Southeast. Therefore, an effort to reduce 404 permit jurisdic­
tion legislatively might be expected. Second, permits are even now not being 
required by the Corps for bottomland hardwood alteration throughout much of the 
Southeast and losses are mounting rapidly. Third, many Corps' river control 
construction projects that alter the bottomlands and endanger hardwood ecosys­
tems are going ahead. Fourth, many other riparian areas, such as western riparian 
type (which has suffered losses as great as hardwoods), are being excluded from 
Section 404 protection. 

It is my opinion that comprehensive, conservation of transitional wetlands­
such as certain bottomland hardwood areas and the western riparian-cannot be 
fully accomplished through Section 404 as it is presently operating and that other 
strategies should be employed. My reasoning is that much of the bottomlands are 
not now receiving protection and that political resistance may force a legislative 
reduction of the extent of Section 404 coverage as the courts attempt to expand it. 
Thus, the jurisdictional boundary may be pulled back toward Ordinary High 
Water by redefinition of wetlands under Section 404-rather than extended above 
it. 
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Much of the issue relates to the definition of wetlands under Section 404, a 

major point of controversy in the Lake Ophelia case. The current definition of 
wetlands is:" ... those areas that are inundated or saturated by surface or ground 
water at a frequency and duration sufficient to support, and that under normal 
circumstances do support, a prevalence of vegetation typically adapted for life in 
saturated soil conditions." (33 CFR Part 323.Z(c)). 

The area covered by this definition very clearly extends to bottomland 

hardwoods, western riparian, woody draws of the Midwest, and similar situations. 
The trees that dominate the bottomland hardwoods community are those obligate 
or facultative hydrophytes that have, in one way or another, developed adapta-

. tions to life in the seasonally saturated soils that are found in bottomlands. Yet 
there is much room for doubt that either the Congress or those who wrote this 
definition intended to embrace the full extent of river valley hardwood forests. 
Now that this reality is becoming evident, some correction can be expected. The 

protection advocates should anticipate this and be prepared with a strong position 
if bottomland hardwoods are to be spared further massive destruction. This paper 
is devoted to that end. 

The River Corridor Approach 

While many will argue that some bottomland hardwoods are not part of the 
wetlands system, none will argue that they are not a major component of the river 
corridor ecosystem. The facts are clear that bottomland hardwoods play a vital 

role for fishes, waterfowl and other animals; that they are hydrologically con­
nected through groundwater, periodic flooding, flood storage, and overland flow 
to the river; and that they perform numerous functions of great value to society 
when left in their natural state. 

In short, there is a persuasive case for protection of bottomland hardwoods as 
an integral component of the river corridor ecosystem. Management of the cor­
ridor must consider the river in the context of its valley which runs as a corridor 
through the landscape from headwaters to the sea. The entire width of the valley, 

from ridgeline to ridgeline, is included since all of this terrain drains into the river 
channel-affecting both flooding and ecological functions. For convenience, one 
may separately consider the parts of rivers with quite different characteristics. In 
a recent analysis for the Federal Insurance Administration, Clark and Benforado 

(1980) use the following accepted classification: 
1. V-shaped valleys, typified by small streams with steep gradients like mountain

brooks where the corridor is narrow, the stream channel is confined by steep

valley walls, and the floodplain is generally indistinct and quite narrow.
2. U-shaped valleys, which contain a medium-sized stream flowing between val­

ley walls that are moderately sloped and have a recognizable floodplain strip
occurring in a more or less continuous belt on either side of the channel­
stream meanders are accommodated, but cramped, by the valley walls.

3. Broad valleys typically containing a large river freely meandering in a wide,
expansive floodplain that has a width at least several times as great as the
meander belt and extends into a variety of flood terraces, backwaters, relict
oxbows and other bottomland features that are conducive to hardwoods.

We also divided the profile ( cross section) of the valley into a number of man­
agement zones which would be relevant to regional and local governments. Fae-
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tors of major influence in the division of the river corridor into management zones 
were the identification of both ecological and jurisdictional boundaries and the 
matching of these into a single set of zones. The zones established were: 
1. Upland terrain composed of the watershed slopes directly above the flood­

lands, or bottomlands.
2. Flood/ands, or bottomlands, located below the upland terrain (i.e., the 100 year

flood line) and above the river channel (i.e., above ordinary high water).
3. Transition zone occupying a strip at the lowest margin of the floodlands which

has extraordinarily high ecologic and flood and erosion protection values-it
includes any transitional wetlands, such as any bottomland hardwoods that lie
above the Section 404 boundary and the western riparian wetlands.

4. Fluctuation zone lying between the high and low water watermarks of a stream

which contains the primary wetlands (404 vegetated wetlands), beaches, flats
and other areas subject to regular flooding.

5. Banks, bluffs, and natural levees that confine a river to its normal channel,
often bridging the fluctuation and transition sub-zones.

6. River channel and bottom, between the Ordinary Low Water Marks on either
bank of the river.

The major point of presenting the above classification system is to suggest how
logical it is to include the transitional wetlands in a separate but no less important 
zone. When the valley is looked at as a whole river corridor and each zone as an 
integral part of the whole ecosystem, the role of the transitional bottomland 
hardwoods becomes clear. The bottomland transitional wetlands then stand out as 

an indispensable component in their own right, not just as a somewhat dubious 
extension of the Section 404 wetlands category. The question for protection advo­
cates then is whether the bottomlands will be better protected or more poorly 
protected in this context, particularly if treated differently than Section 404 wet­
lands. 

My proposal is that: (1) protection advocates should be aggressively developing 
a conservation initiative for all bottomland hardwood communities, western ripa­
rians, and the like, that do not, or may not in the future, receive protection under 
Section 404, and (2) this be done in the context of whole river segments, or river 
corridor ecosystems. It is particularly important that such efforts not be delayed 
until the consequences of today's controversies are known. It is obvious that 
some parts of the bottomland hardwood communities will be left without protec­
tion under Section 404 in the future, as indeed they are today. If nothing is done to 
provide a substitute for any shortfall in Section 404 protection, valuable stands of 
bottomland hardwoods will continue to be obliterated. I believe that the best 
substitute is a comprehensive river corridor management initiative, as proposed at 

the Harpers Ferry riparian workshop (Warner 1979). 
A new national program for protective management of bottomland hardwoods 

as riparian systems certainly is a worthwhile and feasible cause. But the obstacles 
are formidable because of the extent of overlapping authorities and regional dif­
ferences. In this situation the demands for research will be great. It will be a 
complex task in the eastern United States where so many natural processes must 
be known, evaluated, and sustained in a great variety of political and institutional 
settings. Yet it can be accomplished if the public support is there and if the plan is 
bold (Clark 1979). 
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Complicating the idea is· the regional magnitude and complexity of individual 
bottomland systems which cut across local, state, and federal boundaries and 
include public and private land holdings of all kinds. Any one riparian system may 
be encumbered already by dozens of conservation, water development, environ-· 
mental management and economic development programs. While a new regula­
tory program to conserve riparian habitat might not be a welcome addition to 
many interests, one that sought to coordinate existing conservation activities, 
garner local support, and provide federal aid for planning, acquisition and admin­
istration, might be better received. It seems unlikely that voluntary agency coop­
eration will accomplish the full need. Something new is needed in the way of 
federal-state-local-private partnership concept. The bottomland-riparian issue 
seems ripe for such an innovation (Clark 1979). 
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Federal Regulations: 
Handles, Effectiveness and Remedies 
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Background 

The bottomland hardwood resource used to abound throughout the floodplains 

of the country's major river systems, including the Mississippi, the Missouri, the 
Illinois, the Red, the Tombigbee, the Apalachicola, and many others. The most 
extensive part of the resource historically was and still is in the Lower Mississippi 
alluvial floodplain. Much of that resource has been cleared and converted to other 

uses. In 1937, an estimated 11.8 million acres (4.8 million ha) of bottomland 

hardwood forests were found in the Lower Mississippi alluvial floodplain. Some­
what less than half of that amount, about 5.2 million acres (2.1 million ha), were 
left in 1978 (McDonald et al. 1979, Forsythe and Gard 1980). 

During the period 1957 to 1977, a total of 469,771 acres (190, 257 ha) of bottom­

land hardwoods were cleared and converted to other uses in a five-parish region in 
the Red River backwater area. 1 

This conversion of bottomland hardwood forest to agricultural and other uses 
has been stimulated and supported by a variety of federal programs, including 

Corps of Engineers agricultural flood control and drainage projects, Soil Conser­
vation Service P.L. 566 Projects, Soil Conservation Service drainage assistance to 

individual farmers, price support programs, disaster assistance, guarantees to 

farmers, and grain export policies (see Shabman 1980). 
The conversion of these bottomland hardwood forests has meant the loss of 

aquatic functions played by these floodplain forest wetlands, including provision 
of fish spawning and nursery habitats, aquatic-dependent wildlife breeding 
habitats, nutrient recycling, regulation of sedimentation process, and flood stor­

age (see Wharton 1980).2 

Overview of Federal Law 

In recognition of the ongoing loss of critical water-related natural resources and 

intensifying water pollution problems, Congress during the 1970s has passed a 

number of major statutes designed to conserve the nation's water resources and to 

abate water pollution. 
These statutes include the National Environmental Policy Act,3 the Clean 

1The five parishes are Avoyelles, Cathahoula, Concordia, Pointe Coupee and St. Landry in
which the acres lost, during 1957-1977, respectively, were 75,150 (30,435 ha), 122,272 
(49,520 ha), 163,306 (66,139 ha), 56,318 (22,808 ha) and 52,725 (21,353 ha). 
2See Testimony of Dr. James Gosselink, Dr. Van Connor, Dr. Dale Hall, Dr. Leigh Fred­
rickson, and Mr. Ray Palermo, Avoyelles Sportsmen's League, et al. v. Alexander, et al., 
Civil Action No. 78-1428 (W.D. La.), Trial Transcript, February 5-February 15, 1980. 
3The National Environmental Policy Act, 42 U.S.C. § 4321, et seq. (hereinafter, "NEPA").
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Water Act,4 the Flood Disaster Protection Act,5 the Coastal Zone Management 

Act,6 and the Endangered Species Act.7 Programs under the Clean Water Act 
(CWA) which might be used to conserve the bottomland hardwood resource in-

. elude (1) Section 404, which deals with the regulation of discharges of dredge and 

fill materials in waters of the United States;8 (2) Section 402, which deals with 

discharges of pollutants from "point sources;" and (3) Section 208, which pro­

vides for areawide water quality management planning to identify and control both 

point and non-point sources of pollution. 
In terms of providing potential federal regulatory handles for conserving the 

bottomland hardwood forest resource, these statutes greatly strengthen legislation 

which existed prior to 1970, including Section IO of the 1899 Rivers and Harbors 
Act,9 and the Fish and Wildlife Coordination Act.10 

Further, all federal water resource development programs which affect the use 

of bottomland hardwood forests are modified by President Carter's Executive 

Orders on Wetlands and Floodplains, Nos. 11988 and 11990, discussed below. In 

addition, the U.S. Water Resources Council's Principles and Standards, together 
with NEPA, provide a planning tool for enhancing conservation of the bottomland 

hardwood resource, particularly through the requirement that planning agencies 

prepare an alternative plan which maximizes environmental quality values. 11 

Some of these programs directly affect federal water resource development 
programs which could directly or indirectly contribute to the loss of bottomland 

hardwood resources. Other statutes primarily could be used to regulate private 

use of this resource. 

Despite this array of legislation, bottomland hardwoods continue to disappear. 

There are several reasons for this. First, there is not widespread recognition of the 

potential application of these laws to public and private activities affecting bottom­
land hardwoods. Indeed, as discussed below, there is considerable debate as to 
whether these laws apply and, if so, what they require. 

Second, effective implementation of some programs, such as Section 10 of the 

4The 1972 Federal Water Pollution Control Act Amendments, amended in 1977 as the Clean 
Water Act, 33 U.S.C. § 1251, et seq. 
5The Flood Disaster Protection Act as amended, 42 U.S.C. § 4001, et seq.
6The Coastal Zone Management Act, as amended, 16 U.S.C. § 1451, et seq. 
7The Endangered Species Act, as amended, 16 U.S.C. § 1531, et seq. (1979).
8Section 404 of the Clean Water Act, 33 U .S.C. § 1344. Regulations implementing this 
program appear at 33 C.F.R. Parts 320-329 and 40 C.F.R. Part 230. The U.S. Environmen­
tal Protection Agency proposed new regulations under this provision which appeared in the 
Federal Register, 44 Fed. Reg. 54222 (Sept. 18, 1979). 
933 u.s.c. § 403. 
10The Fish and Wildlife Coordination Act, 16 U.S.C. § 661, et seq. Regulations designed to 
implement this act were first proposed by the Department of the Interior on May 18, 1979, 
and they appeared in the Federal Register at 44 Fed. Reg. 29300. Under intense political 
pressure, however, the draft regulations were withdrawn and the Department of Interior has 
agreed to do an environmental impact statement prior to republication. If finalized, these 
regulations could substantially improve the mitigation planning process, resulting in more 
acquisition and better management of bottomland hardwood habitat as compensation for 
past and future losses attributable to federal water projects. 
llThe U.S. Water Resources Council Principles and Standards appear at 38Fed. Reg. 24778 

(September 10, 1973). They were prepared pursuant to the Water Resources Planning Act, 
42 U.S.C. § 1962, et seq. The Corps of Engineers has promulgated regulations under this Act 
and the Principles and Standards, 33 C.F.R. Parts 290-295, 380, 393 (1979). 
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1899 Rivers and Harbors Act and Section 404 of the CWA depends, to a large 

degree, on the Corps of Engineers, an agency whose traditional mission has been 
to stimulate conversion of the bottomland hardwoods to agricultural use through 

federal agricultural flood control programs. 

Third, it has not been clear-and still is not, to some people-that land conver­
sion operations in bottomland hardwood forests constitute regulated activities 

under Section 404 of the Clean Water Act. The Lake Ophelia decision, discussed 

below, was, excuse the pun, a watershed case in this regard. 

Fourth, for political reasons, and in response to U.S. Department of Agriculture 
policy, agencies have been hesitant to interfere with agricultural practices even 

though they result in the clearing and drainage of bottomland hardwoods and 

downstream pollution (see Schmitt and Winger 1980). 

Specific Handles 

Of the many potential handles that could be used to protect bottomland 

hardwoods, we have singled out four for discussion in greater detail. These are 

Section 404 of the Clean Water Act, the Floodplain and Wetlands Executive 

Orders, Section 10 of the Rivers and Harbors Act, and Section 7 of the En­

dangered Species Act. We chose these because they have the greatest potential 

for providing the broadest, strongest and in some cases the most novel forms of 

protection for this critical resource. 

Section 404 of the Clean Water Act 

The program with the greatest potential for regulating both federal water re­
source development programs and private activities which contribute to clearing 

and drainage of bottomland hardwoods is Section 404 of the CW A. Section 404 

regulation comes into play to the extent that the bottomland hardwoods in ques­

tion would be considered part of "the waters of the United States." Until the 

decision in NRDC v. Callaway, 392 F.Supp. 685 (D.D.C. 1975), the Corps gener­
ally had taken the position that Section 404 jurisdiction did not extend to freshwa­

ter wetland systems. The Callaway case held that the term "waters of the United 
States," as used in the CWA, included all waters that the Federal Government 

could constitutionally regulate. 12 Many types of wetlands fall within this broad 
definition. 

Following promulgation of initial 404 regulations on July 27, 1977, some Corps 
Districts took the position that federal jurisdiction extended to cypress tupelo 

swamps and overcup oak, bitter pecan forest types, although the Corps had not 

developed a nationwide methodology for delineating wetlands. 13 

Since the objectives of the Clean Water Act are to "restore and maintain the 
chemical, physical, and biological integrity of the Nation's waters," Section 404 
could be an effective handle for controlling conversion of bottomland hardwood 

forests to other uses if: ( l) bottomland hardwood forests are considered to be 

12See also NRDC v. Callaway; Leslie Salt v. Froehlke, 403 F.Supp. 1292 (N.D. Cal. 1974). 
13Cypress tupelo swamp is a designated forest Type 102 by the Society of American Fores­
ters; the overcup oak, bitter pecan forest type is designated Type No. 96. See Forest Cover 
Types of North America, Report of the Committee on Forest Types. On November 23, 1977, 
the New Orleans District issued a public notice setting out a methodology for delineating 
wetlands under Section 404 including bottomland hardwood wetlands. The Memphis District 
Corps of Engineers promulgated a methodology in January, 1979. 
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wetlands meeting the definition of "waters of the United States"; (2) land clearing 
operations involve the "discharge of dredged fill material"; and (3) land clearing 
operations are not considered to be ''normal farming or silvicultural activities'' 
which would qualify them for an exemption under Section 404(f). 

The latter two issues have been determined in favor of wetlands protection by 
one federal district court in the so-called Lake Ophelia case, Avoyelles 
Sportsmen's League, Inc., et al. v. Alexander, et al., 473 F. Supp. 525 (W. D. 
La. 1979). The first question, regarding the extent of federal jurisdiction 

under the Clean Water Act over bottomland hardwood forests, is still pending 
before that same Court. In the Lake Ophelia case, a coalition of conservation 
organizations brought an action against the U.S. Army Corps of Engineers, the 
U.S. Environmental Protection Agency and private landowners to halt land clear­
ing operations intended to convert 20,000 acres (8,094 ha) of bottomland 
hardwood forests in the Red River backwater area, Avoyelles Parish, Louisiana, 
to agricultural use, without a 404 permit, and without the authorization required 
by Section 10 of the 1899 Rivers and Harbors Act. 

In its decision, the Court found that defendants' land clearing equipment, which 
included bulldozers fitted with v-blades and raking bladers, constituted "point 
sources" of pollution subject to regulation under Section 404 of the C WA.14

Second, the Court found that sheared trees, vegetation, scraped soil, and leaf litter 
all constituted "dredged or fill material" and that the excavation and clearing of 
this material constituted a "discharge" within the meaning of Section 404.15 

Third, the Court concluded that this type of land conversion did not constitute a 
"normal farming or silvicultural activity," and was therefore not entitled to a 
Section 404(f) exemption. The activity was not "farming," the Court said, be­
cause no farming could take place until the land had been cleared. On the other 
hand, the Court noted that a one-time clearcut for the purpose of converting the 
land from forestry to agricultural uses was not a "normal silvicultural activity" as 
contemplated by Section 404(f)(l). 

Finally, the Court concluded that the clearing of lands for soybean production 

was a "change in use" since the vegetation, which is functionally an integral part 
of the wetlands, would be destroyed, and in the process the reach of the waters of 
the United States would be reduced. 

In rejecting the government's position that land clearing operations were not 
regulated under Section 404, but that construction of drainage ditches, dikes or 
levees would be, the Court held, "It seems to us that the government has ignored 
the purposes of the Act and has applied engineering and construction methodol-

14The Clean Water Act defines a point source at Section 402(14), 33 U. S. C. § 1362(14) as 
"[a]ny discernible, confined and discrete conveyance, including but not limited to any . . .
ditch, channel . . . discrete fissure, container, rolling stock . . . from which pollutants are or 
may be discharged .... " United States v. Fleming Plantations, 12 E.R.C. 1705 (E.D. La. 
1978), and United States v. Holland, 373 F.Supp. 665 (M. D. Fla. 1974), similarly considered 
marsh buggies, dump trucks and bulldozers to be point sources. 
15Dredged materials are defined in 33 C. F.R. § 323.2(k) as "material that is excavated or
dredged from waters of the United States." The term "wetlands" is defined at 33 C.F.R. § 
323.2(c) as "those areas that are inundated or saturated by surface or groundwater at 
frequency, and duration sufficient to support, and under normal circumstances, do support, 
a prevalence of vegetation particularly adapted to life in saturated soil conditions.'' The term 
"pollutant" is defined in Section 502(6) of the Clean Water Act, 33 U.S.C. § 1362(6) to 
include biological materials. 
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ogy and theory to environmental problems, totally frustrating the purposes of the 

Clean Water Act." 13 E.R.C. at 1361. 
For the Ophelia case to be effective in conserving the bottomland hardwood 

resource, the agencies principally responsible for implementation of the 404 pro­
gram, namely the Corps of Engineers and the Environmental Protection Agency, 
must be willing to regulate land clearing activities. The Corps of Engineers has 

agreed to regulate such activities within the Western District of Louisiana, but not 
elsewhere.16 Further, they must be prepared to consider as 404 wetlands those 
bottomland forests whose plant communities are made up almost exclusively of 
flood-tolerant species with few or no flood-intolerant species (see Schmitt and 
Winger 1980, USDA 1977, 1978). It is submitted that, with respect to bottomland 
hardwoods, the waters of the United States should be deemed to extend to include 
at least all first bottoms, i.e., floodplain areas which are still subject to active 

fluvial deposition or river backwater or overflows. 
Even with these suggested modifications to the program, the successful applica­

tion of 404 in individual cases will depend upon a number of factors. First, scien­
tific evidence must be provided to establish that these wetland forests perform 
valuable aquatic-type functions as described in 33 C.F.R.§ 320.4 (e) (2), including 

production of detrital material, provision of fish spawning nursery and wildlife 
breeding habitats, water quality purification, and flood storage capacity. Second, 
more scientific evidence is needed to show that the conversion of these forests to 
agricultural use will adversely affect the chemical, physical, and biological integ­
rity of the nation's waters, through soil erosion and nutrient and pesticide runoff. 
Lastly, since the "need" to alter wetlands is a crucial factor in individual 404 
permit cases, economic research is essential to establish whether there are alter­
natives to the conversion of bottomland hardwoods to agricultural use (see Shab­
man 1980). This last factor should not be difficult to establish in view of the 
plethora of federal, urban, transportation, water resource, housing, and other 
policies which induce, support and subsidize the utilization of prime farmland for 

other development purposes (see U.S. Economic Research Service 1974: 10-11, 
USDA 1975, Pimentel et al. 1976, Leigh 1978). 

Beyond site-specific cases, the effectiveness of 404 in conserving bottomland 
hardwood forests will rest upon the willingness of all federal agencies which have 
programs affecting that resource to adopt this broader concept of "wetlands." At 
a minimum, these agencies should accept the definition embodied in the govern­
ment's final wetlands determination filed with the Court in the Lake Ophelia case. 
Interagency cooperation is also needed to avoid undermining the purposes of 
Section 404 enforcement. For example, the Soil Conservation Service (SCS) 
should refuse drainage assistance to owners of bottomland hardwood forest wet­
lands prior to receipt of all necessary permits, including Section 404 and Section 
10 permits, and the Corps should, correspondingly, refuse to consider the pros­
pect of such assistance as a reason for granting the permit. SCS has recently taken 
a step in this direction with adoption of a policy seeking to implement Executive 
Orders 11988 and 11990, precluding SCS technical financial assistance to alter 

16However, the U.S. Attorney General has issued a formal opinion that EPA, not the Corps,
has the final say on what constitutes a wetland under 404. Letter of 5 Sept. 1979 from 
Benjamin J. Civiletti to Honorable Clifford L. Alexander, Jr. This opinion binds the Corps 
though it would not bind a court. 
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bottomland hardwoods until land has been cleared and in production for three of 
the last five years.11 

Furthermore, this broader view of wetlands should be applicable in planning 
and review of all federal water resource projects, in particular Corps and SCS 

agricultural flood control and drainage projects, other water resource develop­

ment projects and other federally assisted projects, such as highways, schools and 

housing. Corps and SCS agricultural flood control projects are sometimes de­
signed to provide flood protection to floodplain lands which have been cleared and 

farmed for many years. However, those same projects typically induce and accel­

erate further clearing of bottomland hardwood forests in the affected floodplains. 

Such assistance should not be forthcoming in the absence of binding and enforce­
able contractual agreements with the local sponsoring group and all affected land­

owners prohibiting clearing of any additional bottomland hardwoods.18 Citizens

with "an interest which is or may be adversely affected" for purposes of Section 
505 (a) and (g) of the CWA, 33 U.S.C. § 1365 (a) and (g), should be eligible to bring 

actions in Court to enforce such contracts. 
Further, to offset the heavy emphasis on utilization of bottomland hardwoods 

for agricultural purposes, the U.S. Forest Service Programs which are designed to 
improve management of this forest resource should be strengthened (see Spurr 
1979, Putnam 1960). 

Wetlands and Floodplains Executive Orders 

On May 24, 1977, President Carter issued Executive Orders 11990, "Protection 
of Wetlands," and 11988, "Floodplain Management." 19 The purpose of the Wet­
lands Order is ''to avoid direct or indirect support of new construction in wetlands 
wherever there is a practicable alternative.'' The purpose of the Floodplain Order 
is "to avoid the direct or indirect support of floodplain development wherever 
there is a practicable alternative." The jurisdictional reach of each order is very 
broad. "Wetlands" are defined as "areas that are inundated by surface or ground 

water, with a frequency sufficient to support a prevalence of vegetative or aquatic 
life that requires saturated or seasonally saturated soil conditions for growth and 
reproduction." "Floodplains" are "lowland and relatively flat areas adjoining 

inland and coastal waters . . . subject to a one percent or greater chan::e of 
flooding in any given year [i.e., the 100 year floodplain]." The scope of federal 

actions covered by these Orders is, with one or two notable exceptions, all­
encompassing. The Wetlands Order, however, pointedly exempts private ac­

tivities involving wetlands on non-federal property for which a federal permit or 
license may be required, and also "grandfathers" projects already under c1Jn­

struction and those for which an EIS was filed by October 1, 1977. Otherwise, 

11Cf. 7 C.F.R. Part 650, U.S. Department of Agriculture, SCS Compliance with NEPA, 44 
Fed. Reg. 54981 (Sept. 24, 1979); Louisiana Engineering Bulletin No. LA 40-0-5-SCS As­
sistance for Drainage of Agricultural Land (Nov. 20, 1979). This rule should be amended to 
make it clear that, under no circumstances, will SCS render any assistance to any landowner 
who has cleared Type 1 bottomland hardwood forests since the enactment of the Amend­
ments to the Clean Water Act in 1977. 
18See Final Report of the Obion Forked Deer Basin Workshop (Nov. 2, 1979) (unpublished). 
Available from Environmental Defense Fund's New York office. 
19Federal Register, 42:26951, 26961 (25 May 1977). 
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both Orders are intended to cover every conceivable form of federal involvement 

in floodplains and wetlands. 
These Orders impose a number of requirements upon federal agencies.20 Pro­

cedurally, the Orders call for implementing regulations 21, public participation22,
an Office of Management and Budget ( OMB) clearance process for new authoriza­

tions, 23 and restrictive covenants on conveyances of federal floodplain and wet­
land properties. The Floodplain Order imposes additional procedural require­
ments, such as including the results of the analysis required by the Order in EIS's, 

publishing a notice containing an explanation of why an action must be located in 
the floodplain, and disclosing flood hazards in federally insured financial transac­

tions involving the floodplain. 
Substantively, the Orders impose a two-part requirement. Agencies must not 

allow or support development in a floodplain unless they find there is no "practic­

able alternative"; and, if there is no such alternative, they must minimize harm to 
these resources. However, because these standards have yet to be judicially con­
strued in the context of an actual dispute24, it is difficult to know whether they 
meaningfully restrict the degree of discretion that an agency would otherwise have 
to modify these resources. 

Assuming these Orders can be read as requiring that agencies give some extra 
weight to protection of wetlands and floodplain resources in their decision mak­
ing, the question arises whether citizens can enforce noncompliance in a given 
case. Unfortunately, the answer is far from clear. The cases regarding private 

enforcement of Executive Orders are badly split. 25 The cases upholding enforce­
ment seem to turn on two factors: (1) whether the Order has a firm statutory basis, 
and (2) whether it imposes specific, enforceable requirements.26 Under those
criteria, the Floodplain and Wetlands Orders stand a good chance of being en­
forced.27

The no practicable alternative/minimize harm requirements of these Orders are 

nearly identical to criteria found in the Corps' 404 permit regulations. 28 Of course,

20These requirements have been further spelled out in "Guidelines" issued by the Water
Resources Council. Federal Register, 43:6063 (1978). 
21These regulations were due within 1 year of the date the Orders were issued. According to 
the Council on Environmental Quality (CEQ), however, several agencies have yet to comply 
with the Directive (CEO 1979:385-86). 
22The public participation requirements can be satisfied through the normal NEPA process 
(i.e., review of an EIS); however, where no EIS is required by NEPA, agencies must 
develop alternative procedures. 
23When submitting requests for new authorizations or appropriations to OMB, agencies are 
required to indicate whether the action complies with the Orders. 
24In National Wildlife Federation v. Adams, 13 E.R.C. 1343 (W.D. Wash. 1979), plaintiffs
challenged a Department of Transportation decision to run a highway through some wet­
lands in Washington State on the ground that it violated the Wetlands Order. In a terse 
opinion, the District Court dismissed the claim, holding that DOT had adequately "consid­
ered" the Order. The case is now on appeal to the Ninth Circuit Court of Appeals. 
25Compare Independent Meat Packers Association v. Butz, 526 F.2d 228 (8th Cir. 1975) (no 
private enforcement of the "economic impact statement" Executive Order) with Aluli v. 
Brown. 437 F.Supp. 602 (D. Hawaii 1977) (Historic Preservation Executive Order held 
enforceable). 
26Cf. Farkas v. Texas Instruments, 375 F.2d 629, 632-33 (5th Cir. 1967). 
21Cf. National Wildlife Federation v. Morton, 393 F.Supp. 1286 (D.D.C. 1975) (Off-road 
Vehicle Executive Order held enforceable). 
2833 C.F.R. 320.4(b)(4) (1978).
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the scope of activities covered by the Orders is a great deal larger than the 404 
Program, and in that sense, assuming their enforceability in the courts, the Orders 

may augment considerably the protection afforded to bottomland forests by 404. 

Section 10 of the 1899 Rivers and Harbors Act 

Section 10 of the 1899 Rivers and Harbors Act (RHA), 33 U.S.C. § 403, pro­
vides that all work which ''will alter or modify the course, condition or capacity of 

navigable waters" must be authorized by the U.S. Army Corps of Engineers. The 

definition of "navigable waters" under the RHA, unlike the CWA, is limited to 

water bodies which are, were, or could be rendered navigable in fact.29 Bottom­

land hardwood wetlands would not qualify as "navigable waters" under this test. 

However, the clearing and conversion to agricultural or other development uses of 
large tracts of these wetlands can disrupt hydrological functions, cause erosion, 

and degrade water quality, and in that sense may "alter or modify the course, 

condition or capacity" of traditional "navigable waters" within the meaning of§ 

10.30 This approach was successful in the Channel A case, National Wildlife 
Federation v. Alexander (unreported), No. 77-1687 (D.D.C. 18 Aug. 1978), rev'd 
on other grounds, __ F.2d --, 10 E.L.R. 20060 (D.C. Cir. 7 Dec. 1979),

where the Court held that § 10 applied to an irrigation ditch that would discharge 
excess water and pollutants into an arguably navigable water,31 thereby altering 

the "capacity and condition" of the latter. Other cases have reached similar 
results. Cf. United States v. Sexton Cove Estates, Inc., 526 F.2d 1292, 1299 (5th 

Cir. 1976). 
Once federal jurisdiction is triggered, the full panoply of environmental 

requirements-impact statements under NEPA, mitigation plans under the Fish 
and Wildlife Coordination Act, biological opinions under the Endangered Species 

Act-attach to the action in question. This in tum makes it possible to require 
examination of alternatives to that action, perhaps leading to permit denial on the 

ground that alteration of the wetland is not in the public interest. In this way, § 10 
can be used indirectly to provide protection to the particular bottomland 

hardwood wetland even though the statute's principal focus is "navigable wat­
ers." 

However, unless the Corps amends its nationwide permit regulations32 to ex­

pressly include activities outside "navigable waters" that may affect their ecolog­

ical condition, § 10 will not provide any generic protection for bottomland 
hardwood wetlands. Meanwhile, applications and enforcement will proceed on an 

ad hoc basis, spurred perhaps by vigilant citizen activists.33 

29United States v. Appalachian Electric Power, 311 U.S. 377 (1940). 
30In the Lake Ophelia case, for example, the Court found that the permitted removal of the
bottomland hardwood trees and understory vegetation from the 20,000 acres in Lake 
Ophelia would result in the loss of detritus, that the clearing of the wetlands vegetation 
would seriously impair fish spawning since fish that inhabit the Red River and its Basin 
spawn in the backwater areas. 
310n appeal, the D.C. Circuit Court held that the water body, a landlocked lake with no
water link to any interstate waters, was not navigable under the RHA. NWF v. Alexander, 
supra, 10 E.L.R. at 20066. 
32Cf. 33 C.F.R. Part 329 (1978).
33 A caveat: The law regarding private enforcement of§ 10 is still unsettled; however, a suit
against the federal government, as opposed to a private party, stands a good chance of being 
heard. See Sierra Club v. Andrus, __ F. 2d __ , 9 E.L.R. 20772 (9th Cir. 1979). 
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Section 7 of the Endangered Species Act 

Of all the environmental statutes on the federal books, only one contains a flat 

prohibition against developmental activities: Section 7 of the Endangered Species 
Act (ESA), 16 U.S.C. 1536. That provision forbids federal actions, including 

permit actions, that might adversely affect a listed endangered or threatened 

species unless the agency can "insure" that the action "is not likely to jeopar­
dize" such species, or result in the "destruction or adverse modification of habitat 

that the Secretary [Interior or Commerce] has determined is critical to survival of 
such species." The United States Supreme Court has said that this mandate 

"admits of no exception," and requires agencies to reorder their priorities to 

provide first for the preservation of endangered and threatened species. Tennes­

see Valley Authority v. Hill, 437 U.S. 153, 185 (1978). 
Section 7 is certainly strong medicine, but it has limited application. The pre­

requisite is the existence of a listed species or its designated "critical habitat" in 

the path of the proposed development. Endangered or threatened species of ani­
mals and plants normally associated with bottomland hardwoods include fish 

(e.g., the Bayou Darter, a Mississippi native), birds (e.g., Bachman's Warbler, 

recently sighted in South Carolina), mammals (e.g., the Florida Panther), reptiles 

(e.g., American Alligator), and plants (e.g.,Jamesianthus albanensis, a daisy that 

was proposed for endangered status in 1976). 
Whether the clearing and conversion of these areas "is likely to jeopardize" 

these species or to "adversely modify" their critical habitat must be determined 

on a case-by-case basis. For that there is the § 7 "consultation process," under 
which the "action agency" is required to consult with and obtain a "biological 
opinion" from the appropriate wildlife agency (for bottomlands, that would be the 
Fish and Wildlife Service) regarding the effect of a proposed action on the species 

involved. By statute, consultation is required to be completed within 90 days, 
unless extended by mutual agreement of the action and wildlife agencies.34 How­
ever, in the event there is inadequate information to render a biological opinion, 
consultation must continue until it is obtained, and in the interim the action agency 
may not make any "irreversible or irretrievable commitments of resources" that 
would foreclose alternatives. 35 

Should an adverse biological opinion be issued, the action agency must give it 
"great weight" in deciding whether to proceed. National Wildlife Federation v. 
Coleman, 529 F.2d 359 (5th Cir. 1976) (Mississippi Sandhill Crane). Should the 

action agency conclude that an "irresolvable conflict" exists between the pro­
posed activity and§ 7, it may apply for an exemption to the 7-member, cabinet­
level Endangered Species Committee, which must decide, using a set of fairly 
strict economic and public interest criteria, whether the species or the project 
shall prevail. The only time the Committee has met it denied an exemption for the 
celebrated Tellico Dam and granted an exemption for the Grayrocks Dam.36 

3416 U.S.C. 1536(a)(2).
3516 u.s.c. 1536(d).
36The Grayrocks exemption was actually proforma since the parties to the litigation (Ne­
braska v. Rural Electrification Administration, 12 E.R.C. 1251 (D. Neb. 1978)) had previ­
ously reached a settlement agreement that the Fish and Wildlife Service had determined 
would preclude jeopardy to the endangered Whooping Crane. The Committee simply 
adopted that agreement as a "mitigation measure" in granting the exemption. 
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When available, § 7 can be a potent weapon to protect the bottomland 

hardwood habitat of endangered species. However, due to its explosive political 

nature, especially where the lower taxa of animals and plants are concerned, it is a 
weapon that should be used sparingly and cautiously; and, wherever possible, 

during the earliest stages of project development. 

Conclusion 

There are a number of federal handles for conserving the remnants of the once 

great bottomland hardwoods of the Lower Mississippi River. They vary greatly in 

the scope and measure of protection afforded. In some cases their application 
depends on the acceptance of some imaginative, though we believe logical, legal 

theories. In others, political considerations may deter their application. In all 
cases, their effectiveness, in terms of actual acres saved, depends upon a number 
of variables including the right facts, the right time, and the right agency official. 

In other words, these tools are only as good as the people who use them. 
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Economic Incentives for Bottomland Conversion: 

The Role of Public Policy and Programs 

Leonard Shabman 
Department of Agricultural Economics, Virginia Tech, Blacksburg, Virginia 

Introduction 

Conversion of forested river-bottom lands to cropland has been a common 
land-use activity in Arkansas, Louisiana, Mississippi, Tennessee and Kentucky 
over the past 40 years, with the greatest amount of cropland development occur­

ring since the late 1950s (MacDonald et al. 1979). For the individual farmer, 

bottomland conversion is justified when the market value of the farm products 

produced is expected to exceed the farmer's costs of developing and farming these 
lands. However, bottomlands as a natural environment, may provide fish and 
wildlife habitat, flood water storage capacity, groundwater recharge and nutrient 

removal from surrounding waters (Comptroller General of the United States 
1979). When these bottomlands are cleared and drained for agricultural crop pro­

duction, the natural environment's services are lost, a loss which imposes costs 

upon other persons. These costs are not reflected within existing markets and, 
therefore, are costs which the farmer operator does not bear when the conversion 
is made. This argument has been the basis for justifying public policies to reduce 

future conversion (MacDonald et al. 1979: 118, Comptroller General of the United 

States 1979). This paper extends this argument and suggests that the profitability 
of bottomland conversion for individual farmers has been enhanced by federal 

government policies and programs. A discussion of these policies forms the basis 
for recommending program changes to manage bottomland conversion trends in 

the future. 

The Private Profitability of Bottomland Conversion 

Shulstad and May ( 1979) assessed the private economic feasibility of conversion 

by comparing the discounted future net returns from agricultural use with conver­
sion costs and discounted future net returns from commercial timber production. 
They concluded that, under a wide range of alternative economic conditions, 

positive economic returns for bottomland conversion will continue to exist in the 
future. This discussion expands their framework (but not their empirical analysis) 
by (1) dividing the farm conversion operators' decision into two separate problems 
of private economic feasibility and financial feasibility, and (2) suggesting that 

government programs may account for some of the apparently positive returns 

from bottomland conversion found by Shulstad and May. 

Private Economic Feasibility 

An investment in bottomland conversion is economically feasible if the internal 

rate of return on the investment (r) equals or exceeds a "target interest rate" 

established by the farm operation (i1). The target rate depends on the opportunity 
cost of the investment capital and the farm operators' attitude toward risk. The 
opportunity cost of capital is that return which could be earned if the funds were 
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allocated to an alternative investment. If the investment funds are borrowed, the 
opportunity cost of capital is the market interest rate (im )· It will be assumed here 
that the market interest rate is equal to the opportunity cost of capital for the 
farmer. To the extent that farmers are risk averse (a condition assumed here) the 
target interest rate includes a risk premium (i

p
) which has the effect of raising the 

rate above the opportunity cost of capital. Thus, for a decision to be economically 
feasible: 

(Equation 1) 

The determination of r by the farm operator is based upon the expected net 
returns from bottomland farming in each future year (Ry) and the investment 
necessary to initiate bottomland farming (K). Investments include costs for land 
acquisition and/or preparation and for purchase of machinery and equipment nec­
essary for farming the additional acreage. Expected net returns from farming the 
land in any future year, y, (based upon the farmers' best judgement about future 
conditions) will depend upon the expected production levels of the crops being 
grown (Q

y
), expected crop prices (Py), expected costs of production {Cy ), and the 

expected value of foregone timber production {T
y
); specifically,Ry =Py • Qy -{Cy 

+ Ty). In addition to returns from farming, the farmer considers the current 
difference in sale value for developed agricultural land and forest land (V0 ), and his 
expectations for the rate of growth in this difference (a) as a ret4rn from conver­
sion. In some future year, Y, if the land is sold, the net return from bottomland 
development in that year is V0 (1 +af. Equation 2 summarizes the discussion to 
this point and shows the basis for the calculation of r, where Y is the farmers' time 
horizon for the investment. 

y 

K= L
y=l 

Py • Qy -{C
y + T

y) 

(1 +r)Y 
+ 

(1 +rf (Equation 2) 

From equation 2, r is increased by increases in Py , Qy , V0 , a, and/or by de­
creases in C

y or K, which, from equation 1, increases the economic feasibility of 
investments in bottomland farming. Economic feasibility is also enhanced as im or 
ip fall (equation 1). The argument of this paper will be that government programs 
affect the variables in equations 1 and 2 so as to uniformly and consistently 
enhance the economic feasibility of bottomland conversion. 

Financial Feasibility 

When an investment in bottomland farming is financed, there will be fixed 
annual repayment requirements. Therefore, bottomland farming must earn suffi­
cient revenue to cover annual production costs and meet load payments; this 
revenue requirement is termed cash flow. Assuming, as was done earlier, that 
farm operators are averse to risk, they will not invest in bottomland conversion 
unless there is only a "small likelihood" that they will default on loan payments. 
Therefore, the farmer will base the financial feasibility assessment on a "worst 
case" situation, i.e., that cash flow which results from the coincidence of 
minimum expected prices and production and maximum expected production 
costs. The financial feasibility analysis in equation 3 requires that the cash flow on 
the right side of the equation must equal or exceed the costs shown on the left. 
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lleN (L) + max(S) ,,;;; min(P) • min(Q) (Equation 3) 

where: lleN = amortization factor, where e equals interest rate on load and N equals 

term of load, in years; L=total amount of load; min(P)=minimum expected crop 
price; min(Q)=minimum expected production; and max(S)=maximum expected 
production costs. The product of aeN and L (left side of equation 3) is the required 

annual payment of loan principal and interest. 
Meeting the cash flow requirement is a necessary but not sufficient condition for 

investment in bottomland conversion to be feasible. Economic feasibility must 
also be established. From equation 3, as e, N, min(P) and min (Q) rise, and/or as L 

and max (S) are reduced, financial feasibility is enhanced. The argument of this 
paper is that government policy and programs uniformly affect these variables so 
as to increase the financial feasibility of bottomland conversion. 

Public Policy and Bottomland Conversion1 

Public Works 

Public works projects of the Soil Conservation Service (SCS) and the Corps of 

Engineers (COE) increase the expected production from bottomland farming (Q
y 

in equation 2) by reducing the chance of flood losses and/or by improving drainage 

opportunities. This increased production potential results in expected increases in 

net returns (P
y 

• Q
y 

-(C
y + Ty

) in equation 2) and in the market value of farmed 

bottomlands (V0 in equation 2). Taken together, these effects of public works 
projects raise the internal rate of return for investments in bottomland develop­

ment. Since flood control projects reduce the likelihood of sharp reductions in 
expected output which would result from flooding, they also reduce the risk 

premium component of the target interest rate (equation 1), further enhancing 
economic feasibility of private investments in bottomland conversion. Finally, 

reduced flood frequency also affects financial feasibility by reducing the chance of 
a large crop loss in any year, and reducing the potential for default on loan 
payments. As the risk of loss is reduced, minimum cash flow expectations (equa­
tion 3) are raised. 

MacDonald et al. (1979) suggest that the influence of these projects on bottom­

land conversion has been significant. Using map overlays to compare areas where 

bottomland conversion had occurred with the areas affected by completed public 
works projects, they concluded that "significant correlations were observed be­

tween forest clearing and completed COE and PL-566 projects for the 1957-1967 

and 1967-1977 time periods" (MacDonald et al. 1979:74). A brief discussion of the 
COE's Sicily Island Levee project can further illustrate the potential influence of 
public works on forested bottomlands. The project is located in East Central 

Louisiana where bottomland conversion has been a common land-use practice. 
According to COE planners, the project will not affect the continuing rate of land 
conversion (U.S. Army 1978:10), but this argument appears weak since the proj­

ect is expected to increase net returns, in 1978, from farming currently forested 
bottomlands from $68.79 per acre, without the project, to $104.35 with the project. 

'The arguments which follow do not imply that bottomland conversion would cease without 
government programs. The without policy situation cannot be known, however, it is possi­
ble to identify the tendency for government programs to support bottomland conversion. 
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If this increase is capitalized using a 10 percent discount rate and a 20-year time 
horizon, the market value of the land increases by $305. 74 per acre. While some 
land conversion may occur without the project, this project's estimated impact on 
net returns suggest a great potential to influence the economic and financial feasi­
bility of conversion. 

Income Taxation 

Income tax law allows farmers to shift a portion of investment costs for bottom­
land conversion (K in equation 2) to the general taxpayer (Internal Revenue Ser­
vice 1979a). First, current tax law permits a deduction from taxable income for land 

· clearing costs of up to $5,000 or 25 percent of taxable income. Second, deductions
of up to 25 percent of gross farm income are permitted for soil and water conserva­
tion expenses including drainage. Expenses in excess of this allowable limit may
be deducted in subsequent years. Subject to the limitations described above, each
dollar spent on land clearing and drainage may be deducted from taxable income.
Therefore, assuming for this discussion that the farmer is in a 30 percent tax
bracket, 30 cents of each dollar of investment in land clearing and drainage can be
shifted to the general taxpayer. Third, installation of drain tiles entitles the farm
operator to an investment tax credit equal to 10 percent of installation cost. Since
this is a direct reduction of tax liability, this provision shifts 10 cents of each dollar
of investment costs to the general taxpayer. Fourth, the farm operator is entitled
to deductions for depreciation on all capital investments necessary for bottomland
farming. If the investments have an expected life greater than seven years, the tax
code allows a deduction from taxable income of as much as 8 1/2 cents for each
dollar invested in the year the cost is incurred. In addition, farm operators are
given a special tax advantage known as the "double deduction" which may allow
an additional deduction in the year the investment is made of 6 cents for each
dollar spent.

Another feature of the income tax code is the deduction allowed for interest
payments (Internal Revenue Service 1979b). The effect of this allowance is to
reduce the effective market rate of interest paid by the farm operator on borrowed
funds, i.e., the opportunity costs of capital (i

m in equation I) in the economic
feasibility formula. Again assuming a 30 percent tax bracket, the effective interest
rate to the farm operator would be reduced by 30 percent, lowering the target
interest rate and enhancing the economic feasibility of investments for bottomland
conversion.

Income tax provisions also enhance the financial feasibility of investments for 
bottomland acquisition and farming. The opportunity to shift a portion of the costs 
of capital investments to the general taxpayer and the interest payment deduction 
which lowers the effective interest rate reduce cash flow requirements. An exam­
ple can clarify these effects. Investment costs for bottomland clearing in Eastern 
Arkansas in spring of 1978 were $311.67 per acre for the most productive soil 
types (Shulstad and May 1979). A loan for this amount taken at 10 percent 
interest for a time period of 20 years would have annual payments of $36.60,an 
amount to be paid from cash flow. However, applying the tax advantages outlined 
above, the $311.67 investment cost borne by the farm operator could be reduced 
to $218.17. In addition, the interest rate is effectively reduced by the 30 percent 
tax bracket of the farmer. Using a 7 percent interest rate and the $218.17 loan, the 
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annual payments are reduced from $36.60 to $20.59, a significant reduction in cash 
flow needs. The same effect would be applicable to investments in capital equip­

ment that might be necessary for expanding bottomland farming. 

Price Supports 

In 1976, Nelson and Cochrane described federal price support programs in this 
way: 

Farm programs of the Federal government have, in various ways, supported and 

stabilized farm prices and incomes since 1933 ... These programs were operated 

in a way that reduced risk and uncertainty for farmers, affected their expectations 

of future income potential from farm production activities, and influenced their 

willingness and ability to invest. .. (Nelson and Cochrane 1976:52). 

Because of their complexity, only a general description of the current programs can 
be presented here. 

Each year a loan rate, set as a per bushel price, is announced for several crops 
including soybeans, rice and wheat. At harvest, the farmer may deliver his pro­
duction to the Commodity Credit Corporation (CCC) and receive the loan rate as 
an alternative to sale at the prevailing market price. Since production will be 

diverted to the CCC whenever market price falls below the loan rate, the minimum 
market price will be at or near the loan rate. To limit growth of CCC stocks, 

production controls may be initiated, which also can support the commodity price 
at a minimum level. At the same time that loan rates are established, target prices 
in excess of the loan rate are announced for several crops including rice, wheat 

aQd corn. If, at harvest, the market price is below the target price, the producer is 
entitled to an income "deficiency payment" equal to the amount of production 
times the difference between the target and market prices. These programs are 

available, in different combinations, for each of the major crops grown in rotation 
on bottomland soils. 

The price support program can increase expected price (P
u 

in equation 2), 
however, the effect will vary with the crop. Gardner (1979) concludes that loan 
rates alone (soybeans) or target prices alone (cotton) are unlikely to affect ex­
pected market prices. When the loan program and the target price program are 
both available for a crop (wheat and rice) the expected price will be increased over 
the case without any program coverage (Gardner 1979). Since the loan program is 
not likely to affect the expected price for soybeans, and since the dominant bot­
tomland crop is soybeans, it may appear that government crop price support 
policies will have little effect on bottomland development decisions. Nonetheless, 
it is the case that the wheat and rice crops, in the soybean dominated rotation, can 

have their expected price increased by these programs. However, of more impor­
tance for investment decision making is the risk-reducing effect of these programs. 

The loan and target price programs establish both minimum price and income 

guarantees for crop producers, therefore shifting a good deal of the price/income 
risk of crop production to the general taxpayer. Of particular importance is that 
producers, when viewing the history of farm programs since 1933, must conclude 
that prices will b.e supported at levels which ensure the farmer against sudden 
decreases in farm income. 

Several results favoring bottomland investments arise from the risk-reducing 
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effect of price support programs. First, by reducing the risk of sharp price declines 

the risk premium (i
p 

in equation 1) is lowered. Second, the minimum income 

guarantee of these programs increases the demand for land as an investment, raising 

the value of farmland (VO in equation 2). (Castle 1979, Nelson and Cochrane 1976). 

Third, the program's minimum price (min(P) in equation 3) guarantee affects 

the financial feasibility of long-term investments in bottomland clearing, as the 

risk of loan default is reduced. This reduced risk of loan default also increases the 

willingness of lenders to provide loans for land acquisition and development 
(Schertz 1979). The increased willingness to lend improves the terms and 

availability of credit (e andN in equation 3) which reduces cash flow requirements. 

Direct Assistance Programs 

Three federal programs provide assistance directly to farmers which may en­

courage them to convert bottomlands. The Farmers' Home Administration 

(FmHA) offers loans to qualifying farmers at below market interest rates. Since 

these loans may be used for investments of agricultural drainage, the reduced 

interest rate can enhance the economic and financial feasibility of bottomland 

clearing. For qualifying farmers the Agricultural Conservation Program (ACP) of 
the Agricultural Stabilization and Conservation Service (ASCS) makes direct 

payments to farmers who drain wet agricultural soils as part of their cost-sharing 

programs. The FmHA and ACP do not direct a large part of their program to these 
areas and the extent of their influence on bottomland conversion is not certain; 

however, they do allow farmers to shift a portion of conversion cost to the general 
taxpayer. 

Of perhaps more importance is the technical assistance program of the SCS. 
SCS advises farmers on the techniques and feasibility of bottomland conversion 
and helps develop a plan for each farm situation. While no funds are offered, the 

information and advice offered by SCS may encourage a conversion decision 
which would not otherwise have been made. 

Disaster Assistance Programs 

The disaster payments program reduces risk of investment in bottomland farm­

ing by compensating producers for financial losses which result from natural 
hazards such as flooding. As a result, farmers who develop bottomlands shift the 
cost and risk of flood damages from themselves to the taxpayer. The current 
disaster payments program allows producers to claim one-half of the target price 

(one-third for cotton) on a proportion of their "normal" production if natural 

disasters destroy a portion of their crop or if they are prevented from planting. 
"Normal" production is established by ASCS based upon historical yields and 

harvested acreage. For crops not under the target price program, such as soy­

beans, farmers can reduce flood risk through USDA's Federal Crop Insurance 

Program (FCI). FCI's overhead costs are paid from general tax revenues. Insur­

ance premiums charged the farm sector cover expected claims and each farmer's 

premium is set for his own particular risk situation (USDA 1979). No similar 
insurance program is available in the private sector. 

Since bottomlands are flood prone areas, these programs may encourage bot­

tomland farming by reducing the risk premium (i
p 

in equation 1) in the economic 
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feasibility analysis. Furthermore, the risk of loan default is reduced in the financial 
feasibility analysis. 

Toward a Preservation Policy on Bottomlands 

The preceding discussion suggested that public policies and programs may en­
courage bottomland conversion. Meanwhile, bottomland development may result 

in a loss of environmental services; a loss which has been an unrecognized cost of 

the farmers' conversion decision. Thus, changes in current policies and programs 

designed to slow the rate of bottomland development are justified. However, 

program changes will be constrained by a recognition that in the future, as in the 

past, the conversion decision will remain with the bottomland owner based upon 
his own assessment of the economic and financial feasibility of investments in 

bottomland development. Within this constraint, the objective of program change 

should be to insure that a farmer's choice to convert bottomlands is based upon an 
economic assessment which compares the returns from increased agricultural 
output with total conversion costs, including environmental costs. 

Economic Evaluation of Public Works Projects 

Many of the authorized, but not constructed, public works projects for the delta 

states were evaluated with benefit and cost estimation guidelines which were 
made obsolete by publication of the Principles and Standards (P&S) (U.S. Water 

Resources Council 1973) and by recent revisions to the P&S (U.S. Water Re­

sources Council 1979). Since the P&S, with revisions, reflects the current "state­

of-the-art" for benefit-cost analysis, its broadest application to public works con­
struction is essential to insure that these projects remain economically justified. 

The Sicily Island project illustrates the importance of reexamining projects (not 

yet constructed) by the new evaluation guidelines. Agricultural benefits in 1978 

were the improvements in net farm income "with" versus "without" the project. 
This improved income was projected to grow in subsequent years at a rate equal to 

the historical growth in the nominal value of farm sales in the project area. This 

calculation contradicts current guidelines which, with minor exceptions, do not 
permit projections of growth in net farm income.2 Application of current 

guidelines to Sicily Island reduces project benefits from $3,768,000 to $2,379,044 
and net benefits fall below zero. 

Careful application of existing evaluation guidelines should be accompanied by 

improvements in those guidelines. Two improvements are of particular impor­

tance for projects in the delta. First, crop prices used in agricultural benefit 

analysis should be adjusted downward to account for the market price supporting 
effect of government programs. Second, within the limits of the "state-of-the-art" 
for valuing nonmarket goods (Midwest Research Institute 1979), improved proce­
dures for documenting the environmental costs of bottomland conversion are 

needed. Both these improvements were called for in President Carter's June 1978 
water policy message, but were not included in the recent P&S revisions. 

2This prohibition reflects the need (1) to conduct benefit analysis in current real prices rather 
than nominal prices, and (2) to avoid attributing agricultural productivity increases to the 
project which will occur without the project. 
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Modifying Policies Which Affect Private Profitability 

Modification in federal policies and programs should reduce the farmers' oppor­
tunity to shift the cost and risk of bottomland farming to the general taxpayer. 
First, the tax code should be altered to eliminate deductions and tax credits for 
land clearing and drainage expenses incurred in development of bottomlands. 
Also, interest payments on loans for bottomlands conversion should be ineligible 
for an income deduction. 

Second, price and income support policy should be modified. For some crops, 
ASCS can specify the acreage (cotton, rice, wheat, for example) on which produc­
tion will be eligible for price and income supports. ASCS policy could be modified 
to deny such specification to all acreages which are created from forested bottom­
lands after the policy change becomes effective (hereafter referred to as ''newly 
developed lands"). An extension of this policy change would be to withdraw 
eligibility for the price support program from any crop grown on newly developed 
lands. However, the impact of these changes may be limited. The market price 
supporting effect of these programs extends to farmers regardless of their partici­
pation in the program. Thus, denying farmers an opportunity to participate in 
price and income support programs will only discourage bottomland conversion if 
the expectations of producers are (1) that they will receive direct payments under 
the target price program or (2) that they will utilize the CCC loan option because 
the market price is expected to fall below the loan rate. Since soybeans, the 
dominant bottomland crop, are covered only by a loan rate which has historically 
been far below market prices, these expectations are likely to be small. However, 
for other crops in the rotation, and as part of a broader set of policy changes, these 
program modifications should be considered. 

Third, programs of direct federal assistance to farmers for bottomland conver­
sion should be eliminated. Also, the disaster assistance payments program and the 
FCI program should not cover flood damage losses on newly developed lands. 

A source of authority for these changes is Executive Order 11990 issued by 
President Carter in 1978. This order specifies that federal agency programs are to 
"avoid, to the extent possible, the long and short term adverse impacts associated 
with the destruction of modification of wetlands." In addition to the authority of 
Executive Order 11990 there also is precedent for such program modifications. 
For example, "In 1962, the Congress placed a limitation on wetland drainage 
assistance in North Dakota, South Dakota and Minnesota (Public Law 87-732). 
Financial and technical assistance was prohibited if USDI determined that wet­
land preservation would materially contribute to wildlife preservation." (Comp­
troller General 1978:21). 

Finally, cost sharing policy for federal public works projects should be men­
tioned. Farmers should be willing to support construction of public works projects 
by paying the costs of projects which make bottomland farming possible, if such 
farming is economically feasible. However, this economic feasibility test is not 
applied because a substantial portion of the cost of rural flood control and drain­
age projects is paid from federal funds. The Sicily Island project, discussed ear­
lier, illustrates current cost sharing requirements. Ninety-eight percent of the 
average annual project costs attributable to agriculture are to be paid by the 
federal government, an annual per acre cost of $49.72. Required repayment of 
these costs would surely alter the private economic and financial feasibility of 

Economic Incentives for Bottom/and Conversion 409 



bottomland conversion; and, hence support for this project among farmers. Cost 
sharing reform is needed, although the calls for such reform in the recent past have 
had limited impact on policy. 

Improving Payment Programs 

Currently the private returns from bottomland ownership are determined by the 
lands' agricultural and commercial timber production potential. If monetary in­
centives were offered to bottomland owners who retain their lands in a natural 
state, these landowners would face an opportunity cost of conversion equal to the 

value of the incentive payment (raising Cy in equation 2). In the past the Water 
Bank program of ASCS and programs of the Fish and Wildlife Service have used 
incentive payment plans to preserve wetland areas for wildlife habitat. During the 
last congress, the Water Bank Act Amendments (P.L. 96-182) increased the funds 

available to ASCS for making incentive payments and extended coverage of the 
Act to forested bottomlands (Environmental Law Institute 1979). However, the 
amount of funds that will be appropriated to this program is uncertain and, most 

likely, will be limited. Furthermore, incentive payments must be justified solely 
on whether the area provides wildlife habitat. For payment programs to be a 
signfiicant influence on bottomland conversion decisions, larger budgets and 
broader criteria for spending must be developed. 

An important goal to include in the design of incentive payment programs is to 
achieve program objectives at the lowest total cost. Toward this end, incentive 
programs should be designed with clear criteria for establishing the landowners' 
eligibility for receiving payment and for determining the level of payment to be 
received. 

Preservation objectives must specify how many areas should be preserved and 
where those acres should be located. With this information, payments can be 
directed where these program objectives are most likely to be achieved. Therefore 
the first criterion for determining a farmer's eligibility for receiving payments 
should be the environmental value of the bottomlands he owns. To implement this 
criterion, bottomland evaluation procedures must be developed to assess the 

value of the multiple environmental services ascribed to bottomlands and the 
relative contribution of particular bottomland areas in providing these services. 
However, development of precise quantitative tools will be a major challenge to 
the biological, physical, and economic sciences at this time (Midwest Research 
Institute 1979, Shabman and Batie in press). A program of basic research to 
develop procedures should be given high priority. 

The costs of an incentive payment program will depend upon the number of 
acres for which payments are made and the level of incentive payments per acre. 
One means of minimizing program costs is to restrict payments to only those acres 

where farmers would convert the lands to agriculture in the absence of payment 
not to do so. Therefore, a second criterion for establishing eligibility for incentive 
payments should be based upon the profitability of farming the bottomland areas 
deemed to be of high environmental value. To avoid the need to establish specific 
payments for each unique farm situation, a basic payment schedule should be 
developed where payments vary according to constant factors which determine 
profitability of conversion, such as soil type. Continuous modification in the pay-
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ments schedule should then be made to reflect annual changes in factors such as 

interest rates, which will alter financial and economic feasibility of bottomland 

conversion in that year. Some limited flexibility of this type is available in the 
amended Water Bank Act (Environmental Law Institute 1979). Clearly, im­

plementation of payment schemes of this nature will require improved information 
on the economic and financial feasibility of conversion for specific geographic 

areas of concern based upon the types of models presented earlier in this paper. 
Further research in this area would appear warranted. 

Finally, new sources of funds for making payments need to be developed, 
because the future funding from general federal and state revenues will be limited. 
One promising revenue source would be to initiate beneficiary tax programs at all 
levels of government. A national program to coordinate the collection of revenues 

and disbursement of payments should then be considered. One possibility would 

be to initiate this coordination under the Water Bank program. Beneficiary taxes 

assess the groups who benefit from the continued existence of services from 
particular bottomland areas for part of the costs of incentive payment programs. 

Thus, for example, local governments or special flood control and water quality 
management districts, could assess their citizens and make payments for water 
quality and flood control benefits received from natural bottomlands. Increases in 

hunting and fishing license fees and earmarked excise taxes on sporting equip­

ment should be considered as a source of revenue from those who benefit from the 
wildlife habitat provided by these areas. Revenues from these sources, combined 

with available general tax revenues, could substantially increase the funds avail­
able for incentive payment programs. With these increased funds, the potential for 

developing successful bottomland preservation policies will be enhanced. 
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Atchafalaya Basin, Louisiana: 
Wetland Conservation Alternatives 

A. Foster Sanders, III
Save the Atchafalaya Basin, Inc., Baton Rouge, Louisiana

David M. Soileau 
U.S. Fish and Wildlife Service, Lafayette, Louisiana 

Introduction 

Much of the smface water runoff from 41 percent of the continental United 

States is funneled through the Atchafalaya Basin (Figure 1). Following a major 

flood in 1927, Congress passed the Flood Control Act of 1928 giving the U.S. 
Army Corps of Engineers (Corps) authority to formulate and construct a flood 
control project in the Atchafalaya Basin as part of the Mississippi River and 

Tributaries Project. Upon project completion, half of the Lower Mississippi River 

project flood would be diverted through the Atchafalaya Basin Floodway System 
to the Gulf of Mexico. This system consists of three units (West Atchafalaya 

Floodway, Morganza Floodway, and Atchafalaya Basin Floodway) bounded by 

perimeter levees east and west of the Atchafalaya River. 
Corps' studies indicated that by 1975 the Mississippi River would change its 

course by making the Atchafalaya River its main channel to the Gulf. To protect 

water-dependent investments along the Mississippi River in the Baton Rouge­
New Orleans area, Congress authorized in 1954 the construction of the Old River 
Control Structure. That structure allows 30 percent of the combined flow of the 

Red and Mississippi Rivers to enter the Atchafalaya River; the remaining 70 
percent continues down the Mississippi River. 

Sedimentation has accelerated in the Atchafalaya Basin floodway primarily 

because the Corps has constricted the natural river floodplain between perimeter 

guide levees. The Corps, recognizing that sedimentation reduced flood-carrying 
capacity, implemented a program to restrict overbank flow. Levees adjacent to 
the Atchafalaya River were raised and strengthened, the upper and middle reaches 

of the river were channelized, and many major distributaries were closed. This 

greatly reduced overflows into adjacent backswamps. Funds were exhausted for 

center channel enlargement in 1968; flood control efforts have since been re­

stricted to raising perimeter levees. In 1971, an agreement was reached between 
the National Wildlife Federation and the Corps postponing work to further enlarge 
the center channel until an Environmental Impact Statement could be prepared. 

In 1972 Congress directed the Corps to review the existing project in coopera­

tion with state and federal agencies with a view toward developing a comprehen­
sive plan for the management and preservation of the water and related land 

resources of the Atchafalaya Basin. This plan was to include provisions for reduc­

tion of siltation, improvement of water quality, and possible improvement of the 
area for sport and commercial fishing. 

In 1975, an interagency group chaired by the Corps developed a Multipurpose 

Concept Plan that included structural features for sediment reduction and water 

management, and non-structural features (i.e., fee or easement acquisition) to 
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prevent forest clearing and provide public access for hunting, fishing, and other 

outdoor recreation. In 1976 the Corps announced its willingness to help refine the 
Multipurpose Cop.cept Plan into a proposal for submission to Congress. Efforts to 

clarify specifics of the plan have continued since that time; however, the complex­

ity of the problem has hindered progress. 

414 Forty-Fifth North American Wildlife Conference 



Fish and Wildlife Resources 

Despite extensive land clearing within the upper Atchafalaya Basin and tremen­
dous sedimentation in the lower Basin, a vast forested wetland complex remains 
largely intact in the Atchafalaya Basin Floodway (U.S. Fish and Wildlife Service 
1978). The 575,000-acre (232,690 ha) floodway contains a maze of overflow 
swamps, lakes, bayous, and distributaries and is among the most productive fish 
and wildlife areas in North America. A great abundance of wildlife occurs in this 
vast wetland complex. In addition, this area supports an extremely productive 
sport and commercial fishery and provides unique recreational opportunities to 
hundreds of thousands of persons annually. 

Over 300 species of resident and migratory birds occur in Louisiana (Lowery 
1974) and most are expected to utilize the Floodway at some point in their life 
cycle, including approximately 50,000 wading and colonial nesting birds (Portnoy 
1977). Every year, great flocks of migratory waterfowl winter in the overflow 
swamps and lakes of this area. The lower floodway lakes and the emerging delta in 
Atchafalaya Bay support one of the largest wintering concentrations of canvas­
backs in the Mississippi Flyway. The floodway's wooded wetlands provide vital 
nesting habitat for wood ducks. According to Glasgow and Nobel (1974), the 
floodway probably winters the highest population of American woodcock of any 
area of comparable size in North America. 

The Atchafalaya Basin Flood way supports wild turkey, white-tailed deer, and 
one of the last remaining black bear populations in Louisiana. Abundant small 
game mammals include gray and fox squirrels, eastern cottontail, swamp rabbit, 
and raccoon. The area also supports a tremendous population of commercially 
important furbearers including nutria, muskrat, mink, river otter, beaver, rac­
coon, bobcat, gray fox, and opossum. 

At least 65 species of herpetofauna occur in the Floodway (Keiser 1976). The 
American alligator, classified as threatened in this area, occurs throughout most of 
the Flood way. The largest nesting concentration of the endangered bald eagle in 
the south-central United States is located within the natural Atchafalaya Basin 
just southeast of the Floodway. Although the ivory-billed woodpecker is believed 
by many to be extinct, Louisiana State University Professor Robert B. Hamilton 
has recently found evidence of its presence in the floodway. Other endangered 
species that may be present include Bachman's warbler, peregrine falcon, and 
Florida panther (U.S. Fish and Wildlife Service 1979). 

The Atchafalaya River and a myriad of bayous, distributaries, and overflow 
lakes and swamps are responsible for a great abundance of fishes and crustaceans. 
The floodway's annual cycle of flooding and dewatering is the major factor con­
tributing to its productivity. Overflow during late winter through early spring is 
essential to providing spawning, feeding, and rearing habitat for these organisms. 
Annual overflow also flushes aquatic systems, transports valuable nutrients, al­
lows for the distribution of fishes among various habitats, and induces spawning in 
certain species. Dewatering during summer and early fall allows the oxygenation 
of soils, permits decomposition of excessive organic matter, concentrates forage 
fishes, and allows growth of vegetation utilized by fish and crawfish for food and 
cover when reflooded. 

According to Bryan et al. (1976), over 85 species of fish occur in the floodway. 
Sabins (1977) notes standing crop estimates of more than 1,000 pounds per acre 

Atchafalaya Basin, Louisiana 415 



(1,120 kg/ha) in the floodway. Important sport-fishes include largemouth bass, 
white crappie, black crappie, warmouth, bluegill, redear sunfish, and channel 
catfish. Red swamp crawfish, white river crawfish, and blue crabs are also impor­
tant from a sport. harvest standpoint. A study conducted by the Corps and the 
Louisiana Department of Wildlife and Fisheries revealed that sport fishermen 
spent an average of 702,000 man-days annually in the floodway during 1971-1974, 
and harvested 2.9 million fish, 1.6 million pounds (725,750 kg) of crawfish, and 
216,000 blue crabs (Soileau et al. 1975). 

The commercial fishery and furbearer resources of the Floodway are outstand­
ing. Crawfish support an annual commercial harvest of nearly 22 million pounds 
(10 million kg) (Soileau et al. 1975), comprising approximately 85 percent of the 
world's wild crawfish havest. Annual flooding is extremely important to crawfish 
production and harvest. During the high water year of 1973, approximately 43 
million pounds (19.5 million kg) of crawfish were harvested from the floodway. 
Additionally, more than 6 million pounds (2. 7 million kg) of commercial finfish and 
over 40,000 furbearers are harvested annually from the floodway (Soileau et al. 
1975). 

Although a vast majority of this floodway's forested wetlands is closed to public 
use, considerable public access to bayous, lakes, and distributaries is still avail­
able. Pleasure boating, water skiing, swimming, camping, picnicking, pleasure 
driving, and other similar activities account for an estimated 426,000 man-days of 
use annually (Soileau et. al. 1975). 

The economic value of the fish, wildlife and related recreational resources of the 
Atchafalaya Basin Floodway is tremendous. Using average annual participation 
rates for 1971-1974 from Soileau et al. (1975) and monetary values adjusted to 
1977 price levels, we estimate that the value of sportfishing and hunting ap­
proaches $52 million annually, and that non-consumptive recreational activities 
are worth over $36 million annually. Annual commercial fish harvest and fur­
bearer harvest in the floodway averaged nearly $9 million during 1971-74. Thus, 
the fish, wildlife, and related resources of the Atchafalaya Basin Floodway annu­
ally contribute nearly $100 million to the nation's economy. 

Problems 

The floodway is threatened today by the same factors that have led to the 
destruction of forested wetlands throughout the Lower Mississippi River Valley, 
namely federally-supported flood control projects and private agricultural expan­
sion (U.S. Fish and Wildlife Service 1978). Congressional authorization of the 
Mississippi River and Tributaries Project in 1928 led to the construction of the 
Atchafalaya Basin Floodway System. Corps activities in this system have pro­
moted a gradual but definite deterioration of fish and wildlife habitat, a trend 
which may destroy this nation's largest remaining contiguous tract of wet bottom­
land hardwoods. 

Prior to construction of the Old River Control Structure, increased natural 
diversion of the Mississippi River into the Atchafalaya River filled many of the 
larger lakes of the Atchafalaya Basin Floodway with river-borne sediment. 
Perimeter levees confined flows to the central part of what was once a much larger 
floodplain. The normal pattern of greatest sedimentation along the natural levees 
was changed to one of heavy deposition in the interior flood way lakes and swamps 
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and in Atchafalaya Bay. Normal alluvial deposition has been greatly accelerated 
by Corps activities. Channelization of the river and most major distributaries, 
together with associated spoil placement, severely reduced overbank flow during 
non-flood years, altering that all-important flooding and dewatering cycle. 

North of the Atchafalaya Basin Floodway, the West Atchafalaya and Mor­

ganza Floodways are protected from annual river overflow by artificial levees. 
The West Atchafalaya Floodway, which has never been used for flood control, 
has undergone widespread agricultural development and settlement. Although the 

Corps originally purchased a flowage easement at 50 percent offee value over this 

entire 170,000-acre (68,796 ha) area, a 1972 census by the Corps indicated 3,524 
persons residing in the floodway and 874 permanent homes. Over 50 percent of 
this area has been cleared and placed into agriculture, primarily soybeans; land 
clearing continues at a rapid pace. A comprehensive easement was purchased at 
full fee value over the entire 57,000-acre (23,067 ha) Morganza Floodway; how­
ever, nearly 50 percent of this flood way has also been cleared and converted to 

agriculture. 
Within the Atchafalaya Basin Floodway, early attempts at agriculture and set­

tlement were abandoned because of increasing overflow from the Atchafalaya 
River. However, increased land elevations within the floodway, resulting from 

spoil deposition, sedimentation, and declining water levels attributed to center 
channel enlargment, have invited new attempts at settlement and agriculture. 

Although Congress in 1928 authorized the purchase of simple flowage easements 

on 68,000 acres (27,518 ha) in the Atchafalaya Basin Floodway, easement on only 
9,100 acres (3,682 ha) has been acquired. 

Recent land clearing operations leave little doubt that the fate of the Atch­
afalaya Basin Floodway will be identical to that of the Morganza and West Atch­
afalaya floodways if the present landowners control its destiny. Over 13,000 acres 
(5,260 ha) of wet bottomland hardwoods have been cleared in the floodway, with a 
27 percent increase in cleared land over the past four years alone. The Corps 
predicts that an additional 180,000 acres (72,843 ha) of forested floodway may be 
cleared within the next 50 years (Atchafalaya Basin Agency Management Group 

1978). This is equivalent to over 40 percent of the privately-owned land of the 
floodway. The Corps also predicts the following within the next 50 years: 
1. up to a 40 percent loss of open water areas due to siltation and reduced water

levels;

2. up to a 40 percent reduction in average crawfish harvest;
3. up to a 30 percent reduction in average commercial fish harvest;
4. up to a 30 percent reduction in waterfowl usage;
5. up to a 40 percent reduction in songbird usage;
6. up to a 55 percent reduction in the squirrel population; and
7. up to a 60 percent reduction in the deer population.

The Solution: Acquisition or Easement 

Acquisition 

There is little hope that the remaining woodlands within the West Atchafalaya 
and Morganza floodways can be preserved. However, the nation's largest 
forested wetland complex remains relatively intact in the Atchafalaya Basin 
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Floodway. The Floodway contains nearly 500,000 acres (202,342 ha) of hardwood 

swamp, an area larger than the vast Okefenokee Swamp of Georgia and Florida. 

Because of the tremendous value of the fish and wildlife resources of this flood­
way and its crucial importance for flood control, the Department of the Interior, 
through its Fish and Wildlife Service, proposed that the privately-owned land of 

the floodway be acquired in fee by the Corps as an integral part of any multipur­
pose plan to be recommended for Congressional authorization (U.S. Fish and 

Wildlife Service 1978). 
In its proposal, presented to the Atchafalaya Basin Agency Management Group 

in October 1978, the Department of the Interior sought to accomplish three basic 

goals. These goals, outlined by the Honorable James A. Joseph, Under Secretary 
of the Interior, before the Lafayette, Louisiana, Chamber of Commerce, on 

November 19, 1979, include (1) eliminating further development and agricultural 

expansion that threatens future use of the floodway to pass flood flows; (2) retain­
ing and restoring, where possible, the unique environmental features of the flood­
way in order to protect their long range productivity; and (3) maximizing access to 
the public who will pay over $1 billion to complete the plan ultimately selected. 

In its proposal, the Department of the Interior recommended public acquisition 

of 443,000 acres (179,275 ha) of privately-owned land within the Atchafalaya Basin 

Floodway for establishment of an Atchafalaya Fish, Wildlife, and Multi-Use Area. 

This area would not be a national wildlife refuge, national park, national recre­
ational area, or preserve. Instead, it would blend natural resource conservation 

with multifaceted public utilization. It would be a natural area where the general 

public could hunt, fish, trap, birdwatch, hike, camp, canoe, boat ride, and study 
nature. 

The proposed Multi-Use Area would be highly compatible with any proposed 

flood control plans for the floodway. The difficulties of implementing an adequate 
flood control program while satisfying landowners, conservationists, commercial 

fishermen, and other interest groups are presently severely hindering progress 
toward the goals of flood control and wetland preservation. With public acquisi­
tion, resolution of these conflicts would be greatly expedited. In addition, the 

threat of further development interfering with flood passage would be removed. 

The objectives of flood control and environmental quality could be achieved in a 
showcase fashion, utilizing the technical expertise of the Corps, Department of 
the Interior, U.S. Environmental Protection Agency and appropriate state agen­

cies. 
During the heated debates following the release of the fee acquisition proposal, 

five major issues surfaced. Concerns focused on the impact of fee acquisition on 
state-owned lands in the floodway, on mineral rights of private landowners, on oil 
and gas exploration activities, on the tax base of parishes (counties) that would 

lose lands through acquisition, and on the price that would be paid to private 
landowners for their land. 

Many of these concerns were easily addressed. For example, since the proposal 
calls for the acquisition of only privately-owned lands, all state-owned lands 
would remain under state control. Thus, any oil royalties or other income to be 
derived from state property would continue to accrue to the State of Louisiana. 

Although approximately 100,000 acres (40,468 ha) of state-owned land are known 
to occur in the floodway, the location of most of these lands is unknown. 
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According to the Interior proposal, present landowners would retain all oil and 
gas rights in perpetuity. Even with this provision, landowners argue that with 
federal acquisition, severe restrictions would be imposed on oil and gas explora­
tion activities. In order to resolve these fears, the Fish and Wildlife Service, on 
March l, 1979, began to work with the Mid-Continent Oil and Gas Association, an 
organization representing the major oil and gas producing companies operating in 
the floodway, toward the preparation of language which would guarantee the 
continued efficient and effective operation of that industry in the basin. Since that 
time, mutually acceptable language has been drafted which essentially recognizes 
oil and gas activities as fully compatible with any multipurpose plan and states that 
such activities within the floodway would not be subject to any additional restric­

tive regulations. The Fish and Wildlife Service has indicated that it is amenable to 
inclusion of that language into any authorization for establishment of the Atch­
afalaya Fish, Wildlife, and Multi-Use Area. 

Because sizable portions of six parishes would be acquired under this proposal, 

the potential for seriously reducing parish property tax receipts is of major con­
cern. However, the Louisiana Congressional Delegation can recommend that the 
Revenue Sharing Act of 1935 and amendments of 1978 be made applicable to lands 

purchased within the Atchafalaya Basin Floodway. Under this Act, affected 
parishes could receive annual federal payments equal to either three-fourths of 
one percent of the fair market value of the purchased lands, $0.75 per acre, or 25 
percent of the net receipt from the sale of land products (such as timber), 
whichever is greater. Accordingly, it is estimated that parishes would receive 
annually over three times the amount presently derived through taxes from private 
landowners. 

Finally, landowners believe that the presently appraised fair market value of $87 
million for the privately-owned land of the floodway is ridiculously low. This 

figure, which averages nearly $200 per acre was established in 1977 by a firm 
under contract to the Corps and is based on prices paid during recent exchanges of 
parcels within the floodway. Since 11 individuals, companies, or estates own up to 
80 percent of the private land in the Atchafalaya Basin and because most of these 
holdings were acquired for speculative purposes, with few if any recent sales or 
exchanges of parcels, it is likely that the 1977 appraisal was based on outdated 
per-acre prices. Thus, new appraisals resulting in greater compensation to land­

owners would be required should.fee acquisition be authorized. 

Easement 

The Fish and Wildlife Service has carefully addressed and resolved most of the 
primary concerns regarding the acquisition proposal. However, certain groups, 
individuals, and, in particular, political leaders have recommenc!eu that a com­
promise be sought to provide the necessary environmental safeguards while 
guaranteeing flood protection. Many believe that the adoption of a compromise by 
the Fish and Wildlife Service would enhance the probability of political ac­
ceptance, the key to success for any proposal. 

In order to preserve the natural productivity of the Floodway, Congress would 

be required at a minimum, to authorize and fund the acquisition of a comprehen­
sive easement package that would eliminate all development inconsistent with fish 
and wildlife conservation and flood control, eliminate agricultural expansion, and 

Atchafalaya Basin, Louisiana 419 



eliminate timber management practices inconsistent with the needs of fish and 

wildlife productivity. The cost of such an easement is estimated at approximately 
70 percent of the cost of fee acquisition, and, yet, that easement would contain no 

provision for public access. In reality, public funds would be expended to pre­

serve a resource for the benefit of an extremely limited segment of the population, 
the present landowners. The cost for public access rights would likely exceed 20 

percent of fee acquisition costs. If this amount were added to the cost of develop­

ment and agricultural controls, the total expense incurred would approximate 90 
percent of total fee value. 

The administration and management of a comprehensive easement on 

privately-owned land would be a monumental task. Lengthy and costly legal 
battles to clarify interpretations of the easements are likely. Governmental offi­
cials could also be pressured not to enforce easement provisions. Thus, the fish 

and wildlife resources and public investment in the Floodway could be short­
changed. The cost associated with the attempted administration of such an ease­

ment may well exceed the 10 percent saved by taking only the comprehensive 

easement. 
We believe that the likelihood of an easement protecting the fish and wildlife 

resources of the Floodway and preserving its continued use for flood control is 

highly questionable. Use of the easement concept out of compassion for present 

landowners may result in a massive expenditure of public funds without achieving 

the objective of preserving one of America's greatest natural resources. 

Conclusion 

Establishment of the Atchafalaya Fish, Wildlife, and Multi-Use Area provides a 

rare opportunity to achieve the goals of flood control, protection of fragile wet­

lands and associated fish and wildlife resources, and maximization of public ac­
cess. Conversion to public ownership would also greatly facilitate compliance 

with two often ignored Executive Orders relating to floodplain management and 

wetland preservation. By means of Executive Order 11988 (Floodplain Manage­

ment) and Executive Order 11990 (Protection of Wetlands), President Carter has 
directed federal agencies to avoid adverse impacts associated with the occupancy 

and modification of floodplains and wetlands and to avoid support of wetlands and 

floodplain development wherever there is a practical alternative. Clearly, federal 

acquisition would not only remove the threat of further development within the 
Atchafalaya Basin Floodway, but would allow the Departments of the Interior and 

Army to satisfy those portions of Executive Orders 11988 and 11990 requiring 

agencies to restore and preserve the natural and beneficial values of floodplains 
and wetlands. Furthermore, fee acquisition of the privately-owned lands of the 

floodway would also be in compliance with President Carter's June 6, 1978, Water 

Policy Directive, which directs acquisition of flood-prone lands where consistent 

with primary project purposes. 

The key factor that will determine the ultimate fate of the Atchafalaya Basin 

Floodway is one of ownership. If the floodway is left in private ownership, its fate 
can be expected to be identical to the rest of the privately-owned hardwood 

forests of the Lower Mississippi Valley, i.e., conversion to cropland. No incentive 
has yet been or is likely to be found that will convince landowners to halt clearing 
of their land when it becomes even marginally profitable to do so. Conversion to 
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public ownership is the only way to guarantee the continued existence of the vast 

Atchafalaya Basin Floodway as a vital part of our nation's irreplaceable wetland 
heritage. 
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The Cache River Basin, Arkansas: 
Tragedy and Opportunity 

Dr. Rex Hancock 
Citizens Committee to Save the Cache, Stuttgart, Arkansas 

Robert C. Barkley 
U.S. Fish and Wildlife Service, Vicksburg, Mississippi 

ffistory of the Project 

In the early 1950s, the Cache River Basin, located in the Mississippi Alluvial 
Valley, the Delta, of eastern Arkansas, was somewhat developed by agricultural 
interests and characterized by expanding farming operations in the upper basin 

where local interests had previously channelized the upper reaches of the Cache 
River and Bayou DeView. The middle and lower reaches of both streams re­

mained intact and were essentially a continuous expanse of bottomland 

hardwoods/wetlands. Although woodland acreages are not known for 1950, it is 
certain that more were present than the 285,000 acres (115,338 ha) ofbottomland 

hardwoods the Fish and Wildlife Service (FWS) inventoried in 1959. Through the 

mid-1960s this trend of rapidly expanding agriculture in the upper basin was in 

sharp contrast to the restraint toward farming in the immediate floodplain of 
middle and lower basins as evidenced by review of circa 1965 U.S. Geological 
Survey topographic sheets of the basin. 

With the passage of the Flood Control Act of 1965, a new resurgence of interest 
for flood control in the basin was evidenced. The 1965 Act reaffirmed the original 
channelization project and together with the widespread introduction of the soy­

bean and continuation of a dry cycle, landowners and speculators ventured into 
the 10-year, 2-year, and even to the stream banks in every increasing numbers. It 
is interesting to note that after almost 20 years of federal planning efforts and 
authorizations, it took the soybean and a dry cycle to prompt the local landowners 

to agree to sponsor the U.S. Army, Corps of Engineers (Corps) project. 
By 1978, many changes had taken place. Lawsuits challenging the adequacy of 

the Corps' Environmental Impact Statement (EIS) had been filed and a new EIS 

had been written and accepted by the courts. Approximately 7.5 miles (12.1 km) of 
authorized channel had been dug. Almost 10,000 acres (4,047 ha) of mitigation 
lands had been acquired. On the surface it seemed that project completion was 

just around the corner. 

Nothing could have been farther from the truth. Construction of the project was 
halted in 1977 and except for certain minor measures, no work has taken place 

since that time. The Cache River project was one of the 19 identified by President 
Carter in 1977 as appearing unsupportable on economic, environmental, or safety 
grounds and one that the President recommended no funds be provided for in 
Fiscal Year 1978. With this critical review by the President, opponents of the 

channelization project intensified their efforts to halt contruction of a project that 
had now been questioned by the highest office in the land. 

Foremost in the minds of those seeking a more environmentally acceptable 

solution to development of the basin was the stark reality of the loss of the basin's 
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woodlands/wetlands. In 1978, only an estimated 151,000 acres (61,109 ha) of 

woodlands were left in the basin, including the three management areas owned by 
the Arkansas Game and Fish Commission (AGF). Thousands of sportsmen had no 
place to hunt and they only had to look at the 7.5 miles (12.1 km) of completed 
ditch to realize their fishing would also soon be a thing of the past. Even the 
prospect of the authorized mitigation lands didn't appear to provide much relief 
since over half of the money allocated had been spent to provide protection to 
fewer than 10,000 (4,047) of the authorized 70,000 (28,329) acres (ha). 

Resources of the Cache River Basin 

A logical question of anyone not familiar with the Cache River Project would 

be: why all the controversy? The answer is quite simple. As long ago as 1959, 
FWS cited the Cache River Basin habitat values for waterfowl as being "among 
the highest remaining within the lower Mississippi Flyway" and "are of both 
national and international importance." More recently, FWS (as part of a five­
member Task Force) concluded that "Any further deterioration of the acreage or 

quality of woodlands/wetlands in the Cache River Basin will impose further dam­

ages on an already stressed wintering waterfowl population. Such deterioration 
will ultimately cause a decline in the continental migratory waterfowl popula­
tion." These rather strong statements indicate the importance of the basin's 
woodlands/wetlands to an overwintering population of almost 250,000 mallards 
and the estimated 30,000 resident wood ducks. 

These same woodlands and wetlands provide excellent habitat for a wide vari­

ety of resident wildlife species. White-tailed deer reach densities of 1 individual 
per 20 acres (1 to 8.1 ha) in parts of the Cache Basin and in excess of 1, 100 deer 
were harvested during the 1971-1972 season. Recently stocked wild turkeys are 
expanding in several locations and huntable populations are found in four coun­
ties. Fox and grey squirrel numbers are estimated to average about 70,000. Fur­
bearers such as mink, beaver, muskrats, opossum, river otter, raccoon, coyote, 
gray and red fox, bobcat, and striped and spotted skunks are common and their 
annual value (as pelts) was estimated to be almost $40,000 in 1978. 

Non-consumptive resources are also present in impressive numbers. Midwest 
Research, Inc. (MRI), lists 268 species of birds including the bald eagle, golden 
eagle, and the osprey as recorded in the Cache River Basin. MRI also listed 65 
species of herptiles and 59 species of mammals including the protected (by the 
state) black bear. 

Although declining in recent years due to loss of habitat and high levels of 
pesticides, herbicides, and turbidity, fishery resources of the Cache River Ba�in 
have historically been important. MRI noted 56 species of fishes in the Basin and 
the FWS reported in 1978 (using AGF data) a diverse fish population in the natural 
stream reaches of the middle and lower basins with a standing crop up to 300 
pounds/acre (336 kg/ha) in the natural reaches of Cache River and 239 pounds/acre 
(266 kg/ha) in the natural reaches of Bayou De View. 

The Authorized Project 

Physical Characteristics 

The authorized Cache River Project would channelize the Cache River from its 

The Cache River Basin, Arkansas 423 



confluence with the White River upstream for 155 miles (250 km) and its major 
tributary for 77 miles (124 km). Over 156 miles (251 km) of natural stream reaches 
are included in these totals. In the lower portions of the Cache River, the 
bottom-width of the newly formed ditch would be 200 feet (61 m) with a depth of 
23 feet (7 m). At the extreme upper end of the project, actually in the state of 
Missouri, the bottom-width would be 25 feet (7.6 m). Bottom-widths on Bayou 
De View would vary from 140 feet (43 m) to 50 feet (15 m). Total project rights­
of-way would require 18,992 acres (7,686 ha) and approximately 115,000,000 cubic 
yards (87 ,920,489 cu m) of spoil material would be deposited. Construction would 
take 17 years. 

Projected Benefits and Costs 

The previous sections described what is present in the Basin, what would hap­
pen should the project be completed, and what the project actually encompasses. 
What about the benefits-who receives them and in just what form? Simply 
stated, benefits have been determined for all lands where the frequency, depth, 
and duration of flooding will be reduced by the project. 

Another way, however, of stating what the benefits would be, or where the 
benefits would come from, presents an entirely different picture. While the project 
is touted to be a flood control project, only 35 percent of the benefits come from 
flood damages prevented. Over 50 percent of the benefits come from either more 
intensively utilizing agricultural lands that continue to flood or to clear existing 
woodlands and convert them to agricultural lands that would flood without the 
federal project. What would seem to be a flood control project could just as 
properly be called a reclamation project. 

With the recent inflationary trend, the overall costs of the authorized project go 
up. What was reported as a $25,100,000 project in 1959 grew to an $80,020,000 
project in 1974 and then to a $104,560,000 project in 1977 (the last year figures are 
available). Curiously enough, the benefit:cost ratio improved during this same 
period from 1.5 to 1 in 1959 to 2.8 to 1 in 1977. Another way of looking at these 
escalating dollars is to relate total project expenditures to each acre protected. 
This is particularly appropriate since only 4.5 percent of the benefits are derived 
from protection to non-crop or non-agricultural features. Dividing the acres to be 
protected into the 1977 estimated project cost shows that $132.00 is going to be 
spent to protect each acre (0.40 ha), most of which are eligible to participate in the 
Federal Crop Insurance program and many of which are utilized to grow crops 
that are frequently in surplus and eligible for federal price supports. 

Impacts of the Authorized Project 

The magnitude of the identificable project impacts, particularly to migratory 
waterfowl, prompted the FWS in 1978 to conclude that "the authorized Cache 
River project. . .  , is the single most damaging project to waterfowl resources in 
the nation today." The same conclusions were reached by the Mississippi and 
Central Flyway councils. Others on record as opposing the authorized project 
include 10 individual states, the International Association of Fish and Wildlife 
Agencies, the National Wildlife Federation, the Wildlife Managment Institute, the 
Environmental Defense Fund, the National Audubon Society, the Izaak Walton 
League, the Sierra Club, the Sport Fishing Institute, the American Forestry Asso-
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ciation, the Outdoor Writers Association, the Welder Wildlife Foundation, the 
Ding Darling Foundation, 8 other national organizations, and over 20 local organi­
zations. 

These agencies and organizations are opposed to the destruction of fish and 
wildlife resources of the Cache River Basin; but more specifically they are op­
posed to the destruction of a functioning ecosystem as well as its renowned public 
resources by the expenditure of public funds for private gain. Unchallenged is the 

acceptance that fish and wildlife resources are public resources. Certainly the tax 
dollars expended to construct the project are public resources. At the same time 
the anticipated on-farm agricultural benefits are first and foremost to the private 
sector. 

In terms of dollars, FWS in 1978 performed an evaluation of the authorized plan 
as presented in the Corps' Final EIS and estimated a net loss of $1,022,000 in 
identifiable fish and wildlife recreational values. Not included are downstream 
impacts resulting from higher water levels, the discharge of as much as 22,000 
tons/day (19,800 metric tons/day) of sediment into downstream waters, the value 
of the woodlands/wetlands for storage of flood waters, ground water recharge, 
filtration and nutrient removal, and a host of other known and accepted functions 

of natural ecosystems. 
Directly in the path of the authorized project are the Dagmar, Black Swamp, 

and Bayou De View state wildlife management areas. Two of these areas were 
purchased and are managed with Pittman-Robertson (P-R) funding and the third, 

Black Swamp, was purchased with Land and Water Conservation Funds and 
managed with P-R funds. Approximately 700 acres (283 ha) of these three areas 

would be destroyed by the project. The Dagmar area would be severed and frag­
mented to such an extent that over 1,000 acres (405 ha) would become almost 
impossible to manage. 

The Alternatives 

Past federal planning efforts for the Cache River project have been less than 
objective; a fact recently pointed out by Mr. Charles Warren, chairman of the 
Council on Environmental Quality. In the winter, 1979, issue of Water Spectrum, 

Mr. Warren addressed the history of the Cache River project and how recent 
changes to the National Environmental Policy Act (NEPA) would have changed 
this history. Mr. Warren explained that under today's NEPA, "the Corps would 
have been explicitly required to explore and objectively evaluate all reasonable 
alternatives to channelization with the same detail and thoroughness it accorded 
its preferred action. Simply put, it would have had to take the alternatives seri­

ously rather than-as was the case-dismissing them. It would have been re­
quired to explain, if it rejected the alternatives, why it rejected them." 

The existence of more environmentally acceptable alternatives to channelizing 

the Cache River is unquestionable. In their Final EIS the Corps presented three 
such alternatives, all of which are engineeringly feasible and have benefits that 
exceed costs. However, these alternatives were simply pushed aside in favor of 
the authorized plan. Therein lies the dilemma. After rejecting environmentally 
acceptable alternatives, alternatives that at the same time provide reasonable 
levels of flood control, how can channelization of the very heart of the basin's 
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woodland/wetland complex be made environmentally acceptable. The answer is 
that it can't. 

In an attempt to resolve the issue the AGF and the Arkansas Wildlife Federa­
tion (with grant assistance from the Winthrop Rockefeller Foundation) commis­
sioned Coastal Environments, Inc. (CEI) to study the needs and opportunities in 
the Basin. CEI's report, Cache River Basin, A Study in Floodplain Management, 
was completed in August, 1977. This report pointed out the ultimate error inherent 
in all single-purpose flood control projects; that merely pushing your troubles 
downstream provides at best only a very short term solution to the problem(s). 
Instead, CEI studied the entire floodplain and more importantly proposed to 
manage the entire floodplain. Problems, they said, that originate in a basin should 
be also managed in that same basin. These problems should not be pushed 
downstream to add to the woes of others. 

As might be expected, this concept of total floodplain management was not 
universally accepted. Federal costs were higher, identifiable benefits were lower, 
and the point that really killed any chance of acceptance was that the project 
beneficiaries, the local sponsors, found the increase in costs (to them) was unac­
ceptable. In a federal water resource project, without a sponsor you have nothing. 

By October of 1977, proponents and opponents of the authorized project were 
completely polarized. To try and reach a compromise solution, the Environmental 
Protection Agency, FWS, AGF, Arkansas Pollution Control and Ecology, and a 
citizens' representative formed a task force to look at the problems and opportuni­
ties of the Basin and proposed solutions that would hopefully be agreeable to all 
parties. The recommended solution, a floodway concept, combined features of the 
authorized plan, engineeringly feasible features previously discarded by the 
Corps, and features from CEI' s study. Unfortunately this effort also failed to gain 
support and like 21 previous studies of the Cache, it too has been placed on the 
shelf. 

No monies have been included in the last two fiscal years for federal works in 
the Cache Basin. The project is authorized, but in limbo. Some changes from 
woodlands/wetlands to agricultural lands are taking place. Flooding is occurring 
and will continue to occur. 

The Future 

The authorized Cache River project is a single-purpose approach to solve prob­
lems. that were identified in 1950. Today, in 1980, this approach cannot hope to 
address the complex issues that have surfaced in the last 30 years. Time has 
shown the current authorization represents an unworkable solution. To be suc­
cessful, any project must begin with the recognition that there are legitimate 
environmental concerns and legitimate flood concerns in the basin. Any water 
resource development project must address both. 

Perhaps the only solution to resolution of the long standing controversy would 
be to deauthorize the project and restudy all the basin's problems and needs under 
the U.S. Water Resources Council's Principles and Standards and the new Na­
tional Environmental Policy Act. Now NEPA's scoping process requires substan­
tive input from all parties and must identify key issues and alternatives at the 
earliest date possible. A new study could address flood control, fish and wildlife, 
water quality, water supply (for irrigation), outdoor recreation, and other prob-
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lems and needs of the basin. Hopefully, such an effort could begin with an objec­
tive approach that has been conspicuously absent while the authorized ditch is still 
around. 

Certainly any further work on the authorized project would cause a continua­

tion of unresolved conflicts while unnecessarily destroying a large portion of a 
unique wetland ecosystem. However, these very wetlands are presently being lost 

in bits and pieces, even without the project. The prospect of eventual flood protec­

tion by the authorized project and the fear oflosing lands to the mitigation process 
have stimulated continued conversion of woodlands to agricultural lands. Thus, 
each year the cry for flood protection is louder since more agricultural land is 

flooded. The federal planning process has failed by both action and inaction. 

Nothing is being protected in the Cache River Basin. 
Because of the importance of the wetlands in the Cache River, the FWS re­

cently began to address one of these complex issues. As part of the Bottomland 

Hardwood Preservation Program (BLHP), the FWS in 1978 identified lands in the 

Cache River Basin critical to the Mississippi Flyway population of migratory 

waterfowl. Under BLHP, Migratory Bird Stamp Act funds derived from the sale 

of federal duck stamps are used to acquire lands from willing sellers for protection 
of migratory waterfowl and other wildlife species. Once acquired, lands become a 
part of the National Wildlife Refuge System. 

As the first step toward possible land acquisition efforts in the Cache River 

Basin, the FWS began the scoping process required by NEPA. A Notice oflntent 

has been written. Later this year a draft EIS will be circulated. Scoping meetings 
are being held with both proponents and opponents of the authorized project. 
Willing sellers of wetland areas have come forward. Interest is widespread. A 
proposal to spend public dollars to protect public resources for all the public is 
available. 

There is still an opportunity to save the wetlands of the Cache River Basin. 
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Importance of Bottomland Hardwoods as Wildlife 
Habitat in an Urban Environment 

Michael M. Grubb1 and Dennis W. Magee 
Normandeau Associates, Bedford, New Hampshire 

Introduction 

Utilization of wildlife for nonconsumptive recreational purposes has become 

increasingly important in recent years (Leedy et al. 1978). With human popula­

tions and accompanying recreational demand increasing while wildlife habitat 

decreases, the remaining habitat becomes even more important. This is particu­

larly true when that habitat is near urban areas, thereby providing an opportunity 
for large numbers of people to enjoy its presence and its wildlife. As energy 

supplies become scarcer and energy prices rise, demands for outdoor recreation in 

close proximity to urban areas will also rise. Our study focused on determining the 

wildlife utilization and habitat value of a bottomland hardwood forest community 
surrounded by an urban area. Lists of all species observed are not included here. 

More detailed information is available from the senior author. 

Study Area 

The study was conducted on a 334-acre ( 134-ha) tract of land that is part of the 
St. Paul (Minnesota) Downtown Airport. The area, directly adjacent to the Mis­
sissippi River, is surrounded by residential and industrial land uses (Figure 1). 
Four distinct habitat types are present. A bottomland hardwood forest covers 130 
acres (52 ha) and consists of two distinct successional stages: a climax forest 

dominated by cottonwood (Populus deltoides), black willow (Salix nigra), red 
maple (Acer rubrum), and American elm (Ulmus americana); and a densely 

stocked shrubland community of young saplings of the above species. Understory 
vegetation includes sprouts of the above species plus elderberry (Sambucus 
canadensis), stinging nettle (Urtica dioica), and goldenrod (Solidago spp.). Other 
habitat types present include an 86-acre (34-ha) wetland dominated by bulrush 
(Scirpus fluviatilis); transmission line right-of-way and other disturbed areas oc­
cupying 51 acres (20 ha) dominated by ragweed (Ambrosia spp.), wormwood 

(Artemisia spp.), and alien species; and a shortgrass meadow covering 67 acres (27 
ha). The meadow, maintained by mowing, is predominantly fescue (Festuca spp.) 
and blugrass (Paa spp.). 

Methods 

Avian populations were censused using a transect method modified from Hall 
(1946) and Kolb (1965). Transects were established so that each covered the 
interior of one or more of the four habitat types. Three observation periods oc­

curred during the year and were designed to census fall migrants, spring migrants, 

and breeding birds. Surveys were conducted morning and late afternoon for four 
days during each of the census periods. 

'Present Address: Ecology and Environment, Inc., 195 Sugg Road, Buffalo, New York 
14225. 

428 



I, 

,j, ', ,' 
I ,; I . -<: 

,' s·'I', , ',1, /1J:i1 

,1,' 
,1 � 

,....; 

Importance of Bottom/and Hardwoods as Wildlife Habitat 429 



Live trapping was the primary method for collecting data concerning mamma­

lian habitat utilization. Live traps of four different sizes were set in each of the 
major habitat types, baited, checked, and reset each morning for four days during 

early May; a total of 480 trap nights was recorded. Mammals seen during bird 

census operations were also noted as to species, number, and habitat utilizaiton. 
All mammal data were collected for qualitative analysis only. 

Results 

Fall Bird Survey 

A total of 27 bird species was observed during the fall census period. Tree 
sparrows (Spizella arborea) were the most abundant species overall, followed by 
black-capped chickadees (Parus atricapillus), snow buntings (Plectophenax 
nevalis), slate-colored juncos (Junco hyemalis) and ring-necked pheasants 

(Phasianus colchicus). Tree sparrows and black-capped chickadees were also 
most abundant in the forest habitat. 

In terms of relative number of birds within each habitat type, average daily 

sightings were highest in the hardwood forest (41), followed closely by disturbed 
areas (40). Much fewer numbers of birds were observed in the wetland (8) and 

meadow (2). 

In addition to the highest number of birds, more species showed a preference 
for the hardwood forest than any other habitat type. Twenty of the 27 species in 
the study area were observed in the forest, and nine of these were observed only 
in the forest. This compares with two species restricted to each of the wetland and 

disturbed areas and one to the meadow. 

Spring Bird Survey 

Thirty-five bird species were observed during the spring study period. Red­

winged blackbirds (Agelaius phoeniceus) were the most abundant overall, fol­
lowed by slate-colored juncos, tree sparrows, song sparrows(Melospiza melodia), 

and common grackles (Quiscalus quiscala). Within the forest, slate-colored jun­
cos were most abundant, followed by tree sparrows. 

In terms of relative numbers of birds within each habitat type, average daily 
numbers were highest in the hardwood forest (83) followed by the wetland (78). 

Much fewer numbers were observed in the disturbed (15) and meadow (10) 
habitats. 

As was the case with the fall survey, not only were the highest numbers of birds 
observed in the hardwood forest, but most species preferred this habitat type. 

Twenty-nine of the 35 species observed were present in the forest, and five 

species were seen nowhere else. This compares to only three species restricted to 

the wetland and two species to the meadow. 

Breeding Bird Survey 

Sixty-six avian species were observed during the breeding bird census, includ­
ing 12 species of wood warblers. Common grackles were the most abundant 

overall, followed by red-winged blackbirds, yellow-headed blackbirds (Xanth­

ocephalus xanthocephalus), cowbirds (Molothrus ater) and robins (Turdus mig-
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ratorus). Within the hardwood forest, yellow warblers (Dendroica petechia) were 
most abundant, followed by common grackles. 

In terms of relative numbers of birds within each habitat type, average daily 
sightings were highest in the wetland (111), followed by the hardwood forest (97). 
Much fewer numbers were observed in the disturbed (22) and meadow habitats 
(6). 

Birds again showed preference for the bottomland hardwoods. Forty-seven of 
the 66 species were observed in this habitat, including 13 which were seen only in 
the forest. This compares to seven species sighted only in the wetland, three in 
disturbed areas and one species only in the meadow (Table 1). 

Mammal Observations 

Seven mammalian species were captured during trapping operations and eight 
other species directly observed in the study area. Of these 15 species, nine were 
observed in the hardwood forest; seven were observed only in the forest (Table 2). 

Discussion 

The results of the avian census operations revealed both the importance of the 

Table 1. Bird species sighted in one habitat type only, breeding bird survey, May, 1978. 

Species Habitat 

Bottomland hardwood forest Wetland Meadow Disturbed 

Great blue heron x 

American bittern x 

Sora rail x 

American coot x 

Least sandpiper x 

Great homed owl x 

Belted kingfisher x 

Hairy woodpecker x 

Downy woodpecker x 

Least flycatcher x 

Homed lark x 

Cliff swallow x 

Tree swallow x 

Blue jay x 

White-breasted nuthatch x 

Ruby-crowned kinglet x 

Black and white warbler x 

Tennessee warbler x 

Black-throated green warbler x 

Chestnut-sided warbler x 

Palm warbler x 

Meadowlark x 

Yellow-headed blackbird x 

Rose-breasted grosbeak x 

Vesper sparrow x 
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Table 2. Mammalian species and habitat utilization observed at the Holman Field study 
area. 

Species Habitat 

Bottomland hardwood forest Wetland Meadow Disturbed 

Short-tailed shrew x 

Striped skunk x 

Coyote x 

Woodchuck x 

Thirteen-lined ground 
squirrel x 

Eastern gray squirrel x 

Eastern fox squirrel x 

Red squirrel x 

Beaver x 

White-footed mouse x x x 

Meadow vole x 

Muskrat x 

Whitetail jackrabbit x 

Eastern cottontail x 

White-tailed deer x x x x 

entire area as avian habitat and the particular value of the bottomland hardwoods. 
Of the 94 species observed during the study, 68 were observed in the forest. In 

addition, of the 27 species sighted within one habitat only throughout the study, 16 
of these were restricted to the hardwood forest (Table 3). Of 12 species of wood 
warblers, 11 were observed in the forest and four were observed nowhere else. 

With the exception of the breeding bird survey, total number of birds was higher 

in the hardwood forest than in the other habitat types. The higher numbers ob­
served in the wetland during the breeding bird survey were due primarily to large 
numbers of red-winged and yellow-headed blackbirds. Species diversity (as 
number of species) was much higher in the forest with 47 species observed, 
compared to 28 in the wetland. 

The structural and species diversity of the vegetation within the forest attracts 

the birds, particularly during the breeding season. Slash piles and undergrowth are 
preferred nesting habitat for such species as the chestnut-sided warbler (Den­

droica pensylvanicum), black-and-white warbler (Mniotilta varia), and Tennes­

see warbler (Vermivora peregrina), all of which were observed only in the forest 
habitat. Other species with similar nesting requirements which were observed in 

the forest as well as in other habitats during the breeding season include the brown 
thrasher Toxostoma rufum), yellow warbler, cardinal (Hesperiphona vespertina), 
and white-throated sparrow (Zonotrichia albicollis). 

The large cottonwoods, box elder (Acer negundo), and red maples provide the 
branches and foliage for those species such as the least flycatcher (Empidonax 
minimus) and blue jay (Cyanocitta cristata) which nest high above the ground. 

Sightings of these two species during the breeding season were restricted to the 
forest habitat. Species with similar nesting requirements observed in this habitat 

type as well as others during the breeding season include the mourning dove 

(Zenaida macroura), robin, and northern oriole (Ictarus galbula). 
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Table 3. Bird species observed in one habitat type only during the entire study period. 

Species 

American wigeon 

Shoveler 

Great blue heron 
American bittern 

Sora rail 

American coot 

Least sandpiper 

Great horned owl 

Belted kingfisher 
Pileated woodpecker 

Hairy woodpecker 
Least flycatcher 

Eastern phoebe 

Homed lark 

Cliff swallow 
Tree swallow 

White-breasted nuthatch 

Brown creeper 

Ruby-crowned kinglet 

Northern shirke 

Black-and-white-warbler 

Tennessee warbler 

Black-throated green warbler 

Chestnut-sided warbler 
Rose-breasted grosbeak 

Purple finch 

Snow bunting 

Habitat 

Bottomland hardwood forest Wetland Meadow Disturbed 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

The large trees also provide cavities for nesting which may be utilized by the 
hairy woodpecker (Dendrocopus villosus), downy woodpecker (Dendrocopus 

pubescens), white-breasted nuthatch (Sitta carolinensis), and great homed owl 

(Bubo virginianus), observed only in the forest during the breeding season. Other 

cavity nesting species observed during the breeding season in the forest were the 
wood duck (Aix sponsa) and common flicker (Colaptes auratus). 

The bottomland forest also provides valuable avian habitat during winter and 

the fall and spring migrations. Mast from mature trees and seeds and fruits from 
elderberry, goldenrod and other species provide a food source for black-capped 

chickadees, slate-colored juncos, and blue jays (Martin et al. 1951). Roosting 

habitat is present for many species, and small mammals are present for raptors 
such as the great homed owl. The dense growth of the saplings provides winter 
cover for the resident species such as the black-capped chickadee, white-breasted 

nuthatch, blue jay, and hairy and downy woodpeckers (Dodge et al. 1971). 

The mammal species restricted to the forest habitat were present because of the 

food and cover provided. Den trees and mast were available for the three species 
of squirrel, while the dense shrub growth provided the eastern cottontail (Syl­

vilagus floridanus) concealment from predators and a source of foliage for food. 
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White-tailed deer(Odocoileus virginianus) were present throughout the study area 

during all observation periods. The heavy vegetation of the sapling growth within 

the forest provides necessary cover for fawn rearing. The abundance of trees of 

the genus Populus and the understory plants associated with these trees are an 

important food source to deer of this region (McCaffery et al. 1974, McCaffery and 

Creed 1969, Mooty 1971). 

Conclusion 

A bottomland hardwood forest community and surrounding habitats were found 

to support a high diversityrof wildlife, including 94 avian and 15 mammalian 

species. Of this total, 68 avian and nine mammalian were observed in the bottom­

land hardwoods, and 16 of the avian species and seven of the mammalian species 

were observed only in the forest. Included in the avian total were 14 species which 

were found breeding exclusively in the bottomland hardwoods. These results 

show the value of this habitat type to wildlife populations. 

This high wildlife diversity was partially due to the location of the habitat in an 

otherwise urban environment. As urbanization continues, available wildlife 
habitat declines, and wildlife must move into areas such as airports' buffer zones 

where suitable habitat exists (Harrison 1976). The presence of this habitat and its 

wildlife population within the city limits of St. Paul is a valuable resource and 

could provide recreation for hiking, bird watching, and other nonconsumptive 

recreation. Preservation of such areas should be given high priority in urban 

planning endeavors. 
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In my country, Mexico, we believe in the equivalence of the uses, users, and 
administration of our wild resources. This broadens conservation and ecology into 
a social science which covers the laboral and educational problems that arise from 
the actual environmental problems of our country and our world. 

From ecology we can establish that a species' population is the direct measure 
of adaptation to its environmental condition, and that the actual status of some 
species-defined in the extreme and opposite categories of "endangered" and 
"pest" status-is a result of both human settlement and nature's simultaneous 
impact on the species and biological community. Thus, the environmental com­
plex is a result of the biotic, abiotic and social spheres which we call the ecosys­
tem, and in which, as a matter of fact, wild flora and fauna are the most important 
elements from qualitative and quantitative points of view. 

It must be clear also that these circumstances are a result of an historical 
process which has resulted in social stratification and political dominion of 
minorities. Nature has been exploited under the same criteria and for the same 
group, but we are facing the end of this era. 

Broadly speaking, we think of natural resources management as a three-link 
chain, postulated as: 

I. The free appropriation of natural resources.
II. The regulated appropriation of natural resources.

III. Incorporation of natural resources to the economy.
Of these aspects, our country is in the transition from the free to the regulated

appropriation stages, and federal wildlife legislation is the youngest of our natural 
resources laws. The first wildlife statute was the 1940 Federal Hunting Law, 
followed by the 1951 Federal Hunting Law, now in effect. We are anticipating a 
new Federal Wildlife Law in 1980. 
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As a matter of public interest, wildlife are included in forest and inland water 

management laws, and are included in Articles 27 and 73 of our National Constitu­
tion. But those same Articles define the private activities of cattle and poultry 

management and agriculture. A fundamental distinction between domestic and 
wild animals and public and private property is not made in those Articles-a 

distinction that is needed to enable us to deal with today's complex biological 
problems. 

At both national and international levels, conservation policies have established 

some economic, ecological, scientific, educational, recreational and aesthetic 

values for wild animals. But we think it is socially necessary to include the 

"laboral values" of ecology and conservation as a social praxis of maximum 

priority and as an answer to the basic causes of free appropriation of natural 
resources and the consequent environmental degradation. Simultaneously, these 

laboral values provide a tool for social control and welfare in the rural com­

munities. Conservation programs that do not include the working necessities of 
our country and our people, who use nature in free appropriation for the satisfac­

tion of the fundamental requirements of food, dress, home and work are unrealis­
tic and utopic. Their social consequences will cause them to be labeled unrespon­

sible and they will cause more social difficulties than the ecological ones they were 

designed to solve. 

With such a criteria of public interest, the Direccion General de la Fauna Sil­

vestre is working on conservation activities with 15 wildlife programs, 8 in the 

regions and 7 nationwide. These programs include management of migratory 
birds, such as waterfowl and white winged doves; desert sheep management, 

endangered and pest species experiment stations, the first national wildlife inven­

tory, to be developed in 1980-1981; and 17 wildlife refuges, 9 of which have been 

established in the last three years. These programs are operated in desert, tropical 
and temperate climates and diverse habitats which contain about 3,000 species of 

vertebrates of both nearctic and neotropical faunas. In addition, we receive the 

annual migration of holarctic birds. 
Our management programs are based on the rational use of the resources, and 

utilize basic and applied investigation and law enforcement. They are executed by 

about 200 individuals belonging to the Direccion General de la Fauna Silvestre. 
This figure includes the technical, administrative and operative personnel classes. 

On the international level, we believe that international forums are the correct 
way for facing the immediate future. Thus, we are members of IUCN, we will go 
to CITES this year as members; we observe the migratory birds convention with 

the United States and Canada; we belong to the White-Winged Dove International 
Council, which embraces us from the South of the United States to Costa Rica. 
through Guatemala, Nicaragua, Honduras and El Salvador, our Central American 
brothers; and we are proud to be here in Miami Beach, Florida attending the 45th 
North American Wildlife and Natural Resources Conference. We are going to be 

any place where our country can contribute to the world ecological scene. 

Our economic support comes from the federal government and is equaled, this 

year, with the money we earn from hunting permits ... the control or regulated 
appropriation level. 

But we live in the age of the so called "demographic revolution." The greatest 

human population densities are now in the original colonial countries and in the 
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colonized countries, now mostly free. These high demographic pressures on de­

veloping countries define their different political and economic requirements and 

philosophies of social welfare. 
Consequently, in Mexico, we must address these population and labor problems 

in the immediate future and intensify our efforts on behalf of wildlife using all of 

the technical, law enforcement and management resources at our command. We 

must prepare our people for the multiple use of our renewable resources and the 
only way to accomplish that is through a program of public education. 

This public education must concern itself with changing attitudes about wildlife. 
But because Mexico has only a few wildlife schools for its large area and popula­

tion, it is more efficient for us to develop strong wildlife education programs in our 

38 forestry schools. Now, courses about wildlife are taught in these schools by 

members of the D.G. de la Fauna Silvestre's wildlife staff. We are also developing 

a system in the next 3 years to enable us to go to our people in rural areas and 

develop wildlife-based recreation programs. This will enable us to create system­
atic employment in guiding services, hunting and forest development activities for 

these rural people. 
These programs must evolve from simple classroom instruction through more 

varied successive stages. They must also encompass communications activities, 
including radio and television. The main objective of this multipurpose and mul­

tivariate program is to instill in our people a responsible, socially based conserva­

tion ethic-an ethic in which the future welfare of wildlife is based on the laboral 

welfare of our people. 
I wish to express my personal thanks to The Wildlife Society for this invitation 

to speak here in Miami Beach and, to all of you, thank you for your attention. 
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Introduction 

Since the days of Charles Darwin the study of island biology has contributed 

significantly to the development of evolutionary ecological theories and concepts. 

By studying species on individual islands or groups of islands, biologists view a 

simpler microcosm of that seemingly infinite complexity of continental areas. By 
their very multiplicity and variation in shape, size, degree of isolation, and ecol­

ogy, islands provide the necessary replications in natural experiments by which 

evolutionary and ecological hypotheses can be tested (MacArthur and Wilson 
1967, Cruz 1977, 1978, Wiley and Cruz 1981). 

Unfortunately, the unique characteristics of island populations that have at­
tracted the attention of biologists have also contributed to the extinction and 

endangerment of a disproportionately large number of species as compared with 

continental areas. This extreme vulnerability is indicated by the fact that of the 

217 bird taxa which have disappeared in the last 400 years, 200 were insular 

species (Halliday 1978). Yet of the world's avifauna, only 20 percent are insular 

species. Today, 58 percent of the world's 405 endangered or threatened avian taxa 
are insular forms. In the Antilles as a whole, there are 39 threatened or endangered 
bird taxa. Eight threatened forms occur on Cuba, eight on Puerto Rico, five on St. 
Lucia, and lesser numbers occur on several other islands. Of special note in the 

Antilles is the threat to 5 species and 3 subspecies of Amazona parrots (King 
1978). Reasons for a higher rate of extinction on islands include: 

a. Limited distribution (species restricted to a single or small group of islands).
b. Limited habitat.

c. Small population size.

d. "Specialist" species-island species have evolved in isolation and lack adap­

tations needed to deal with introduced birds.

Physiography and Vegetation 

Jamaica lies at 18° north latitude in the western Caribbean, approximately 145 
km south of Cuba and 160 km west of Hispaniola. The nearest mainland is Hon­

duras, approximately 610 km southwestward. With an area of l l,740 km2
, Jamaica 

is the third largest island in the West Indies, exceeded in size only by Cuba and 
Hispaniola. Most of Jamaica is mountainous with more than one half of the island 

over 305 meters (1,000 feet) in elevation. 
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The island was at one time covered by forest and wetlands. Several hundred 
years of human settlement has reduced forest cover to 24 percent of the land. In 
addition, exploitation of this remnant since the nineteenth century has reduced the 
amount of moderately intact natural forest to 7 percent of the area. In recent 
decades there have been sustained attempts to create new forests in place of 
over-exploited ones, but these man-made forests are completely different from the 
original (Asprey and Robbins 1953, Symes 1971). 

There are, therefore, three classes of forest in Jamaica: natural, "ruinate" and 
plantation. Major types of natural forest include dry limestone forest, wet lime­
stone forest, lower montane rain forest, montane mist forest, and mangrove 
swamp. "Ruinate" forests have been derived from the original destruction of the 
vegetation by man in clearing and burning for cultivation and settlement, and in 
excessive exploitation of the timber resource. Ruinate is, therefore, a secondary 
(successional) type of forest. Man-made forests include deforested areas that have 
been planted with fast-growing tree species. The exotic Caribbean Pine (Pinus 

caribaea) is now being planted at the rate ofup to 2,000 acres (809 ha) annually, in 
addition to nearly 1,000 acres (405 ha) of other species including the native Blue 
Mahoe (Hibiscus elatus). 

Jamaican Land Birds 

Sixty-eight species of land birds (birds of prey to passerines) occur in Jamaica, 
36.8 percent of which are endemic to it, a figure greater than that for any other 
Antillean island (Cruz 1973). The breeding passeriformes of Jamaica consist of 38 
species, 13 of which are endemic (34 percent). In addition, ten species (26 percent) 
are shared with other West Indian islands. These figures indicate the significance 
of the endemic and West Indian element. Another interesting aspect is that while 
of the four islands comprising the Greater Antilles, Jamaica is only third in size, it 
has more endemic species ofland birds than any other (see also Smith 1968, Bond 
1971, Lack 1976). 

The number of resident species ofland birds in Jamaica has remained almost the 
same during the last 150 years, with only two extinctions and no new natural 
arrivals. This is in marked contrast to the big extipctions among the land birds on 
islands greatly disturbed by man (e.g. Hawaiian Islands). The stability of the 
Jamaican avifauna can be attributed to the continuing presence of sufficient main 
natural habitats on the island. The records indicate that in the last 150 years only 
two species of land birds have become extinct. First, there was probably a small 
green macaw (Ara sp.). Macaws, formerly found in both Greater and Lesser 
Antilles are now everywhere extinct in the West Indies (Greenway 1967). Sec­
ondly, the endemic pauraque (Siphonorhis americanus) was last collected in 1859. 
This genus (Siphonorhis) is endemic to the Greater Antilles. It includes the least 
pauraque (S. brewsteri) of Hispaniola and the Jamaican species (S. americanus). 
Considering habitat requirements of the least pauraque, it is possible that the 
Jamaican species still exists in semi-arid limestone regions, as suggested by Bond 
(1971); although research by R. Sutton, P. Fairbairn and others in such conditions 
on Portland Ridge proved fruitless, and the provenance of the last few specimens 
of record indicates a moister habitat. Nevertheless the recent discovery of Cap­

rimulgus cayennensis in Martinique, C. vociferus in Puerto Rico, and the con-
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tinued presence of the least pauraque in Hispaniola (Dod 1979), islands heavily 

infested with mongooses, leads one to suspect that the Jamaican Siphonorhis may 

survive locally. 
Outside the pigeons to passerines, two other birds have become extinct in 

Jamaica-the crake (Amaurolimnas concolor) and the petrel (Pterodroma 

hasitata), the former probably as a result of the introduction of the mongoose in 
1872. Of the Jamaican land birds, two species are rare-the plain pigeon (Col­

umba inornata), probably from excessive hunting as well as habitat changes, and 

the golden swallow (Kalochelidon euchrysea), for unaccountable reasons, seeing 
that it inhabits parts of the interior uplands which are seemingly free from signifi­
cant human disturbance. 

The Future 

Much of the Hellshire Hills and Portland Ridge (dry limestone forest areas) have 
been spared from destruction up to now by their aridity, much of the Cockpit 
Country (wet limestone forest) by inaccessibility of the terrain, much of the mon­

tane forests by the extremely steep slopes. Even so, each of these areas is being 
nibbled away, by squatters who cultivate patches as soon as there is a trail, and 

more drastically by foresters, who have clear-cut much montane forest and re­
planted with Caribbean Pine and Eucalyptus, which are extremely poor for native 
Jamaican animals, including birds. Moreover the eastern Hellshires are now de­
veloped as an extension of Kingston, roads are being extended into the Cockpit 

Country and forestry is encroaching on the central core of both the John Crow and 

Blue Mountains which, although designated on maps as national park areas, have 
never been accurately delineated on the ground or given any special protection. 

How long the native avifauna will survive is uncertain. Probably the main factor 

in the survival of the Jamaican birds has been that enough of their natural habitats 
have survived up to the present time. This record is far better than for many other 
islands in the world, and could be maintained since the remaining species could be 
saved by keeping much of the natural forest intact. Furthermore, Jamaica has 
been almost completely spared the menace of introduced birds, although rats and 
mongoose (introduced in 1872) have destroyed much (see Smith 1968 for further 
information). 

The population of the island is increasing at an annual rate of over one percent 

(1.3 percent in 1978-Department of Statistics 1979). Jamaica's limited coastal 
plain will bear the brunt of pressures caused by these population increases, and it 
is the avifauna of this region that have already suffered most extensively at the 
hands of man. Freshwater swamps are especially threatened avian habitats and 
the pressure on those that remain can be expected to increase daily. The West 
Indian tree duck (Dendrocygna arborea), masked duck (Oxyura dominica) and 

Caribbean coot (Fulica caribaea) are uncommon and increasingly threatened. 
Mangrove swamps and mudflats are other important coastal avian habitats that 
are dwindling rapidly. Landfill of large tracts of mangrove in Kingston Harbour is 
endangering the survival of the largest known egret and heron colony in Jamaica, 

including the largest group (70) of glossy ibis (Plegadis falcinellus) and the only 

(30) white ibis (Eudocimus a/bus). The Urban Development Corporation, a gov-
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ernment agency, is in the process of developing parts of the Hellshire Hills region 
(St. Catherine Parish) into a new town. 

The largest wetlands-the Black River and Negril Morasses-have been ex­
tensively drained for agriculture and are currently the object of study to determine 
the feasibility of mining and burning their peat deposits as a substitute for petro­
leum. Although agriculture for rice production drastically alters habitat, it has 
proven highly attractive to many wintering migrants including snipe (Gallinago 

gallinago), upland sandpiper (Bartramia longicauda) and blue-winged teal (Anas 

discors) as well as the three Jamaican Zenaida dove species, the white winged 
dove (Z. asiatica), Zenaida dove (Z. aurita) and mourning dove (Z. macroura), 

these latter three recently reaching pest proportions in rice cultivation areas. 
Extraction of the peat on the large scale proposed would effect a change far 

more drastic than agriculture in the original wetland conditions. No commensu­
rately thorough project proposal has yet been advanced to assess the multiple­
purpose development of these wetlands as wetlands-for food (fish and shrimp), 
fiber (Phragmites reed and Sabal thatch palm) and recreation (boating, sport 
fishing, wildlife and scenic values). The environmental impact assessment of the 

proposed peat extraction is currently underway, and the results are scheduled for 
publication by July 1981. 

In 1971, the National Physical Plan for Jamaica (1970-1990), sponsored by the 
U.N. Special Fund Project, was published (Ministry of Finance and Planning 
1971). This was and still is a very valuable study that showed remarkable foresight 
and understanding of the island's ecology, and the necessity to protect the many 
ecosystems that make up the whole. Many areas (including the Blue Mountains, 
John Crow Mountains, Portland Ridge, Cockpit Country and major swamps) were 
designated as potential National Parks and included under Categories 3 and 4 
(Wilderness Recreation and Scientific Study) of the plan. Special emphasis was 
placed on the Forestry Department's studies of vegetation within the Cockpit 
Country, and the need to protect the trees indigenous to the area. Yet in the same 
report it was noted that extensive tracts of the southern Cockpit Country had been 
leased to the Alcoa and Revere bauxite companies to undertake exploratory min­
ing. 

Unfortunately, means of reconciling the potentially conflicting claims of land 
hunger, forestry, mining and national parks development were not described in 
the plan. This problem of optimal land-use allocation is currently being addressed 
by the Town and Country Planning Department of the Ministry of Finance and 
Planning, in the form of New Development Orders for each of the island's 14 
parishes. To date, two have been confirmed and published, and the remainder are 
to be completely redrafted by 1981. 

Institutionally, Jamaica is well set up to practise good husbandry. In 1975 the 
Natural Resources Conservation Department (NRCD) and its nine-member board 
of appointed overseers, the Natural Resources Conservation Authority (NRCA), 
came into being, the result partly of an amalgamation of extant bodies, partly of 
the addition of new functions. The NRCD's functions are threefold­
environmental research, monitoring and management, the first two being con­
ducted largely by the department's Resource Management Division and Aquatic 
Resources Division, the last largely by its Watersheds Engineering Division and 
Recreation and Conservation Division. 
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Much commendable work has been pioneered by the NRCD in environmental 
impact assessment and public education, but environmental management is still 

mainly restricted to the original functions of beach control and watershed protec­

tion, despite the department's mandate to enforce conservation laws and develop 

wildlife reserves and national parks. The state of economic recession both nation­

ally and abroad has obliged Jamaica to concentrate on relatively short-term op­
tions for economic development. The prevalence of this outlook in official plan­

ning circles may be seen in the Five-Year-Development Plan 1978-1982, in which 

conservation as a general concept appears only once in the 150-page Main Docu­

ment, in a map entitled Proposed Development Strategy, without a word in the 

text by way of explanation (National Planning Agency 1978). 
The supporting document for the Five-Year-Development Plan is embodied in a 

revised National Physical Development Plan 1978-1998, the text of which is 

currently [May 1980] at the printers. An entire chapter is devoted therein to 

long-term approaches to conservation planning which, if taken seriously, should 

ensure the survival of the island's diminished wildlife. 
Immediate remedies lie close at hand in the form of improved liaison between 

the NRCD and other physical development agencies. The first steps in this realis­

tic and modest new direction have already been taken with the Forest Depart­
ment, to enhance the recreational appeal of the Blue Mountain Peak; and with the 
Fisheries Division, to coordinate protection of sea turtles, manatee, crocodiles, 

fish and the terns (Sternafuscata and Anous stolidus) whose eggs are seasonally 

collected on the outlying Morant and Pedro Cays. Improved education and coor­
dination of all relevant field officers is essential to the success of this joint venture 

in wildlife conservation. 

The first big test of Jamaican wildlife management capabilities will take the form 

of a manatee project, funded in large part by the Organization of American States 

and scheduled for implementation beginning in 1980. The plan is to keep several 

manatee (Trichechus manatus) in a semi-captive state for public education, dis­
play and study. The clear, slightly brackish waters of the undisturbed Alligator 
Hole River of south Manchester are to be used for this purpose, with expected 

attendant benefits to all other wetland species resulting from enhanced public 

appreciation of such a habitat. Key to the success of this venture will be close 
cooperation among several government agencies, consultants, local citizens and 
private-sector interests. 

Recommendations 

1. Preservation of habitat-the key to species preservation-must be ensured by

confirming the areas defined in the National Physical Plan as national parks and
other conservation areas. Boundaries must be clearly demarcated and wildlife,

watershed protection and forestry laws strictly enforced.

2. Additional areas, no matter how small or scattered they may be, should be

identified for inclusion in a comprehensive natural preserve system. Further
close study of rare or endangered species should be undertaken to help in the

identification of every habitat essential to their survival.

3. Expansion of the National Parks Branch of the NRCD is the ultimate institu­
tional means of ensuring sound habitat management for crucial wildlife areas.
Until that end is achieved, there must be especially close coordination between
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the NRCD and other relevant physical development agencies such as the For­
estry Department, Town and Country Planning Department, Ministry of Con­
struction and Urban Development Corporation. 

4. The Cockpit Country and similarly remote places should be kept as roadless
areas. No improved means of access should be permitted until a comprehen­
sive management plan is drawn up, with guaranteed means of regulating all
future development.

5. Slash-and-bum (shiftin� cultivation) agriculture should be prohibited in areas
best left in natural forest.

6. Preserves should be as large as possible. A larger reserve will have a greater
number of species and individuals of each species. This is especially important
for species with large home ranges. In practice, the area available for reserves
must represent a compromise between competing social and political interests.
Given a certain total area available in a particular habitat, the reserves should
be divided into as few disjunctive pieces as possible. Many species that would
have a chance of surviving in a single large reserve would have their survival
chances reduced if the area were apportioned among several smaller reserves.
If the available area must be broken into several disjunctive reserves, then
these reserves should be as close to each other as possible, and if possible,
corridors maintained between the reserves. Many species, especially those of
tropical forests, are stopped by narrow dispersal barriers. Proximity will in­
crease immigration rates among reserves and help to maintain the maximum
biotic diversity (Terborgh 1974, Diamond 1975).

7. Education of the general public with regard to the economic benefits from
£Onservation of natural resources is needed. An effective public education
program is essential in obtaining the cooperating of the public and its long-term
support for the preservation of a sufficient portion of the species' habitat.
Residents should be educated to the esthetic and economic values of natural
resources (e.g. birds in relation to tourism) and learn to take pride in endemic
species of the island, for the responsibility of perpetuating the remarkable
fauna of Jamaica rests primarily with Jamaicans.

8. Care should be taken to prevent the importation of exotics that might have a
deleterious effect on the indigenous fauna.

9. Exportation of the avifauna, especially the Amazon parrots and other endemic
birds, should be most strictly regulated (Cruz and Gruber unpublished ms.).
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Seabird Research in the 
U.S. Virgin Islands 

Richard A. Dewey and David W. Nellis 
Department of Conservation and Cultural Affairs, St. Thomas, U.S. Virgin Islands 

Introduction 

The breeding biology and distribution of seabird species in the U.S. Virgin 
Islands are not well known. Most of the literature on breeding seabirds occurs in 
summaries, and reflects descriptions from boats or on short visits to the more 
accessible islands (Leopold 1963, Robertson 1962, Nichols 1943, Beatty 1930, 
Wetmore 1927, Danforth 1935). Prior to 1975 there were no long-term programs on 

seabirds in the U.S. Virgin Islands, primarily because the rookeries are often 

inaccessible. They are made inaccessible by the islands' physical nature and the 
long distances from shore. Furthermore, the unreliability of the boats used and the 

cost of lengthy observations have prohibited long-term studies. 
In 1975, the Bureau of Fish and Wildlife, a division of the Virgin Islands De­

partment of Conservation and Cultural Affairs, began a wildlife survey of the 

uninhabited cays, funded by the U.S. Fish and Wildlife Service Federal Aid in 
Wildlife Restoration (Pittman-Robertson) Program. In this paper we delineate the 

research problems encountered in this survey as they relate to the study of the 
nesting seabirds on the uninhabited Virgin Islands (Table 1) and offer some solu­

tions to those problems which would be applicable to similar research elsewhere 
in the marine tropics. These seabirds include the following species: Audubon 

shearwater (Puffinus iherminieri), red-billed tropicbird (Phaethon aethereus), 

white-tailed tropicbird (P. lepturus), brown pelican (Pelicanus occidentalis), 

brown booby (Sula leucogaster), blue-faced booby (S. dactylatra), red-footed 
booby (S. sula), laughing gull (Larus atricilla), roseate tern (Sterna dougallii), 
bridled tern (S. anaethetus), sooty tern (S. fuscata), Sandwich tern (Thalasseus 
sandvicensis), and noddy tern (Anous stolidus). 

Methods 

The methods we have developed to produce consistent island surveys are sim­

ple in design. They form the basis of an extensive seabird survey on islands of 

both extreme beauty and proven treachery. Preparations for research on any 
seabird island must take into consideration the physical nature of the island and 
those factors which determine its accessibility (weather, time of year, seas, etc.), 

the field skills of the biologist, the boat, and equipment needed for the research. 
Each survey has five separate but interrelated stages: The approach to the island, 

anchoring, landing, climbing of the island, and the return. 

The Approach 

The use of two powerboats was necessary to insure operational continuity. We 

found that 18- to 22-foot (6-7 m), open, center console, V-hull single-engine boats 
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are the most cost-effective. Use of a full complement of safety equipment includ­
ing VHF radio is mandatory. 

For the most economical, trouble-free use servicing of the boats every 100 

hours is recommended and an "overpowered" engine run at Yi to* power should 
be used. 

We recommend that the predominant user maintain the boat. 

Anchoring 

Because shifting currents and unexpected squall winds are routinely encoun­
tered, we recommend the use of both bow and stem anchors with 3 meters of 

chain attached to a nylon rope. Anchors must be visibly checked after being set. 

Adjacent to islands with poor anchorages (60 to 90 foot [18-27 m] depths in areas 
of surge or currents) it is essential that the anchor(s) be hand-set on the bottom 
with SCUBA diving gear. Since all of the seabird islands are approached by 

swimming, the boats are maneuvered as close to the rocky shores as possible. 
Conservative and confident operation of the boat near submerged obstacles while 
encountering current and wind is necessary. 

Landing 

After anchoring, everyone swims ashore using mask, fins, and snorkel. Dry 
gear is transported in 48-quart (45.5 1) Igloo ice chests and maneuvered ashore. 

Careful timing to land on the rock at the crest of a wave is sometimes essential. In 

nearly 1,000 swim-in landings we have not had any serious injuries, nor have we 
ever had our island gear get wet or damaged. 

Climbing and Return 

Confidence and climbing skills are required for the more difficult islands (Table 
1). The death of one of our biologists on the cliffs of Cockroach Island in 1974 still 
remains a constant reminder to the hazards of this work. 

On return, a descent rope can effectively aid less skilled members of the party, 
and the outgoing surge from large waves can be used to aid in getting clear of the 
near shore rocks and turbulence. Influence of currents should be considered when 
freeing the anchors and getting underway. 

Biological Methods 

During tallying surveys of nesting seabirds it is usually cost-effective to record 
the various species as they are found along designated routes. Error in field data is 
increased when tallying is combined with banding, tagging nests, and photograph­

ing more than one species. 
Most of our work is scheduled between dawn and 10:00 a.m. to avoid exposing 

eggs and chicks to heat stress. Censuses are done by area (sooty terns), transects, 

direct counts, and nest counts (tropicbirds, brown, red-footed and blue-faced 
booby, Audubon shearwater, roseate, bridled and Sandwich terns), and partial 
counts when time does not permit greater accuracy. Care is taken to avoid or 
abbreviate all potentially hazardous situations to the birds such as handling of 
roseate terns, chicks in precarious positions, or hatchlings subject to heat stress. 
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Results 

Between June, 1975 and December 31, 1979 the authors, with assistants or 

volunteers, have landed 971 times on 35 seabird rookery islands. Table I provides 

a summary of our findings on species diversity compared to a subjective rating of 

the accessibility of each island. 

The islands in Table I can loosely be categorized according to either natural or 

human-related factors that either limit or promote the existence of seabird col­

onies. The natural factors include the islands' size and their diversity of preferred 

nesting habitats. The human-related factors all are related to the various accessi­

bility levels of each island to human approach. The varying level of island accessi­

bility has impacted seabirds due to direct disturbance, has permitted the estab­

lishment of rats and feral animals, has allowed the harvest of eggs and/or chicks, 

and has permitted different degrees of historical and present day environmental 
enforcement and habitat alterations (such as controlled burning). 

Natural Factors 

Island Size 

The islands (Table 1) with the largest number of nesting seabird species (Saba, 

Flat, Cockroach, Frenchcap) all have a diversity of nesting habitats, including 

cliffs with ledges or holes (favored by tropicbirds and noddy and bridled terns), 

windward ridges (favored by roseate terns and laughing gulls), and shallow to 
steep slopes with low vegetation (favored by sooty terns). 

Several small islands provide extensive nesting habitats but characteristically 
have fewer species. These islands (Table I) include Shark, Kalkun, Pelican, Sail, 
Cricket and Carval. Access to all of these islands except Shark Island is difficult 
and they will probably remain active rookeries. Shark Island is highly accessible 

to human intrusion in all respects and owes its marginal success to recent protec­
tion. 

Seabird Adaptations to Human Disturbances 

It appears that both roseate and sooty terns nesting in the Virgin Islands prefer 
steep to near cliff-type sites that are not only abnormal choices for the species, but 

in many cases reduce egg and chick survival. A hypothesis to explain this abnor­
mal site preference is that, under selective pressure from eggers who primarily 

collect from level land or shallow slopes, there may be selection for individuals 

that nest on steep slopes. 

Human-related Factors 

Rats 

Rats are well-known predators on the smaller seabirds such as terns (Austin 
1945). Most of the "rat islands" are populated by Rattus rattus. While there have 

been no thorough studies of rat species on the cays, the presence of scat or 

runways has been used to determine the data listed as "present" or "not-present" 
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Table 1. Seabird islands in the northern U.S. Virgin Islands and the geographic, biological and human-related factors that limit or enhance 

breeding. The accessibility factor relates to the distance from the nearest uninhabited area and the subjectively rated, from one to ten, difficulty of 

anchoring, landing and climbing each island. A rating of one is considered "easy, no danger" while a IO-rating is considered "dangerous." 

Present 
No. Species that 

nesting successfully Goats Egging 
No. of seabird Island fledged some Rats present in last Accessibility factors 

Island visits species acreage chicks• present today 10 years Distance Anchor Landing Climbing Average 

L. Saba 217 7 30.9 T,AS,SoT,RT, no no yes 4 3 3 1 2.75 

NT,BT,LG 
Cas 175 1 14.8 T,(RT)b yes no ? � 1 1 3 1.06 
Turtle Dove 92 3 3.7 NT,BT,LG no no yes 4 3 3 2 3.2 
Congo 68 3 25.5 T,NT,BP yes yes yes 3 3 5 5 4.00 
Shark 52 1 1.3 RT no no yes � 3 5 3 2.8 
Flat 71 6 3.3 RT,NT,SoT, no no yes 31'2 5 4 1 3.4 

BT,LG,ST 
Cockroach 32 5 19.0 T,BB,Bffi, no no ? 10 7 8 9 8.5 

NT,BT 
Le Duck 62 2 13.5 BT,LG no no yes 1 2 5 2 2.5 
Pelican 11 3 4.1 SnT,RP,LG no no yes 6 5 6 2 4.75 
Dog 18 2 12.2 RT,LG yes no yes 3 4 6 1 3.5 
Kalkun 25 4 3.5 BB,T,RT\ no no ? 8 9 6 4 6.75 

NT,BT 
Buck 18 0 41.6 (NONE) yes no no 5 1 1 1 2.0 
Capella 8 1 22.0 T,RTb yes no no 5 3 3 1 3.0 
Dutch cap 10 4 31.8 BB,RB,F b, ? yes yes 10 10 10 6 9.0 

NT,BP 
Frenchcap 25 5 10.5 BB,SoT,NT, no no yes 8 9 9 8 8.5 

BT,LG 
Mingo 4 1 48.4 T ? yes ? 2 3 4 2 2.75 
Stevens 6 1 2.0 LG yes no ? 1 3 4 1 2.25 
Sail 1 2 1.6 NT,BT no no ? 15 10 10 10 11.25 



Cricket 4 4 2.5 BB,NT,RT,BT no no ? 10 9 8 2 7.25 

Flanagan 10 4 21.6 RT ,NT ,BT ,LG ? no ? 4 3 2 2 2.75 

Current Rock 2 l 0.4 LG ? no ? l4 5 3 l 2.25 

West Cay 2 l 40.3 T ? yes ? 7 3 2 l 3.25 

Carval l 3 0.4 T,NT,BT no no ? 2 10 IO 9 7.75 

Outer Brass 5 1 108 T ? yes ? 3 3 4 4 3.5 

L. St. James 8 l 68.7 LG,RTC yes no ? 2 2 2 l 1.75 

G. Hans Lollik 6 l 489.2 T ? yes ? 4 3 2 l 2.5 

L. Hans Lollik 8 l 100.5 LG ? yes ? 5 4 3 2 3.5 

Total 971 

aseabird Symbols: 
Tw-white-tail tropicbird Rm-red-footed booby SoT-sooty tern LG-laughing gull 
Tr-red-billed tropicbird BfB-blue-faced booby RT-roseate tern BP-brown pelican 
As-Audubon's shearwater F-frigates NT-noddy tern 
BB-brown booby SnT-Sandwich tern BT-bridled tern 

bHistorically present before 1975 
cunsuccessfully attempted 1975 to 1979 



in Table 1. Review of Table 1 with regard to rats indicates that (1) the most 

inaccessible islands have no rats, and (2) the small islands which have no rats may 

be devoid of them more as a function of severe limiting factors during some stage 
in their life history, rather than that they have been introduced. On Dog Island, 

rats are common and roseate terns nest successfully although nest success is low 

(10 to 20 percent). The island closest to Dog, Little St. James has a rat population 
that seems to have been responsible for 100 percent mortality of two separate 

roseate tern colonies (rat runways and dens held numerous chick carcasses, and 
no chicks survived to fledge). It is notable that Kepler (1978) found R. norvegicus 

on Monita Island (west of Puerto Rico), but found no apparent predation on the 

nesting sooty terns. 

Other Feral Animals 

Other introduced animals that have obvious effects on breeding seabirds in the 

U.S. Virgin Islands are goats and mongooses. Goats exist on numerous cays 
where they are periodically hunted. The only seabird islands where they exist are 

Dutchcap (32 acres) and Congo (25 acres) Cays. Both cays have about 4 to 8 goats, 

a number which probably represents the island's carrying capacity. Since the 
number of goats is small and they do not readily interfere with seabirds, it is felt at 

this time that they are not detrimental. On Congo Cay, which is mostly rocky, 

they do not promote erosion. On Dutchcap, however, the goats seem to benefit 

the brown boobys by keeping the brush down. About 300 to 500 brown booby 
pairs probably owe their nesting area to these animals. 

Mongooses (Herpestes auropunctatus) are cunning and vigorous predators 

against which no seabird can survive. Historically introduced into the West Indies 
in 1872 to control rats, the islands that now have mongooses simply do not have 
nesting seabirds. All the main inhabited islands and several of the smaller private 

islands have mongooses. With the threat of accidental or deliberate introduction 
of mongooses to any natural environment, and no biological information upon 
which to base control of the mongooses, the Bureau in 1977 began a program to 

study the effects of introduced mongooses on the typical island ecosystem. The 
ecological changes to the island have been recorded while the mongooses have 

been studied by radiotelemetry. 
In 1980, the mongooses will be removed and the island ecosystem will be 

monitored until 1985 to determine its successional return. 

Egg and Chick Poaching: Illegality and Enforcement 

The taking of both seabird eggs (Table 1) and chicks for home consumption are 

felt to be traditional rights by the native people that reside in the West Indies. 

Before World War II, the Virgin Islands' population was small and the seabird 

populations were probably ""limitless" on the more accessible cays. The popula­
tion of the U.S. Virgin Islands has skyrocketed and seabird breeding colonies 
have decreased as the harvest of ""booby eggs" (as any spotted seabird egg is 
called) has increased. The increase in harvests during the 70s is felt to be a 

function of an increased population, an increased market value of the eggs ($2.50 
per dozen in 1977), and the greater mobility of the population brought about by the 
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common use of the outboard engine. By 1975, the very fishermen that relied on the 
"mobs" of seabirds to help them locate pelagic fish schools (Erdman 1967) were 
lamenting the disappearance of the great flocks while they egged the colonies. 

Table 1 indicates the islands that are reported or were observed to have been 
egged or from which the chicks were taken. The 1976 Report of the Cambridge

Ornithological Expedition to the British Virgin Islands does not mention egging or 
the legal seabird egging season. However, it is clear from this report that colony 
nesting seabirds are doing very badly in the British Virgin Islands. No brown 
pelicans were nesting; only two small brown booby colonies existed; roseate terns 
were held to two colonies of 10 to 30 nests; and one remaining sooty tern colony 
existed with less than 100 nests. Informal interviews with the older British Virgin 
Islands' fishermen indicate that many years ago, when they were children, the 
seabird colonies were "everywhere." 

In 1977, Virgin Islands' environmental enforcement officers arrested two 
fishermen who egged about 1,600 sooty tern eggs from Saba Island in less than 2 
hours. Their subsequent conviction in Federal Court under the Migratory Bird 
Conservation Act of 1928 provided the legal precedent for conservation and man­
agement of local nesting seabirds. Although egging will probably never cease, the 
threat of ever increasing, legally backed enforcement makes protection of these 
birds an apparent reality. 

While the taking of most seabird chicks for food is not well known even by l�cal 
fishermen and the extent of actual loss remains to be determined, it may still be a 
significant cause of brown pelican chick mortality. 

Habitat Alteration 

Fire and the introduction (deliberate or accidental) of exotic plants on the is­
lands can have important consequences to Virgin Islands' nesting seabirds. Fire is 
only important on the islands with brush or grass and existing seabirds. These 
islands include Saba, Turtle Dove, Cockroach, Shark, and Dog Islands. The Saba 
sooty terns nest in exceedingly heavy grasses, which have been maintained by 
past burning. Because the grass tends to be replaced with a flora that may not be 
conducive to sooty nesting, burning may be beneficial if properly directed. Be­
cause the blue-faced booby, a ground nesting species, needs open runways to 
nest, controlled burning may be an important management tool in the colony on 
Cockroach Island. 

The introduction of exotic trees and shrubs has not been a threat to the seabird 
colonies, although it is conceivable that it might be in the future. 

Summary 

Prior to 1974, the distribution, seasonality and breeding biology of seabirds on 
the uninhabited northern islands of the U.S. Virgin Islands were largely unknown 
due to the expense of surveys, distance and the physical inaccessibility of the 
seabird islands. Since 1975 the authors, with the support of adequate funding, 
have developed methods that have allowed more or less consistent surveys of all 
but the most dangerous islands. 

Although our research and survey analysis are yet to be done, our results 
indicate that most of the uninhabited offshore islands are either potentially or 
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presently very important seabird breeding islands. The relationship between the 

seabirds' presence on these islands and their species-specific breeding require­

ments has been found to be associated with both the size and availability of the 

breeding habitat as well as to the island's relative inaccessibility to direct or 

indirect human disturbance. The complete biological status of the respective sea­

bird species will be presented in later publications. 

Recommendations 

As knowledge of the seabird's breeding biology and limitations becomes 

known, management for increased nest success and overall abundance should be 

biologically and economically feasible and can be shown to be desirable. Long­

term management of our seabird resources should be accomplished through edu­

cation, enforcement, rat control and eradication, and rehabilitation of specific 

"disturbed" nesting areas. 

Acknowledgements 

This paper is the first of a series from the Bureau of Fish and Wildlife, Department of 
Conservation and Cultural Affairs, Government of the U.S. Virgin Islands. The work cited 
herein was supported entirely by a grant from the U.S. Fish and Wildlife Service, Wildlife 
Restoration Program to the Department of Conservation and Cultural Affairs. 

We are grateful for· the "extra" help in the development of these programs from many 
volunteers, technical assistants and interagency staff. Special acknowledgement is due to 
Dr. Arthur E. Dammann and James A. D. Francis for administration, J. LaPlace, K. Turbe, 
D. Bailey, S. Maupin, R. Gomez, and S. Jackson-Richards for their technical expertise and
field work. For editing and preparation of this manuscript we thank Eleanor Johnson and
Aline Francis.

References Cited 
Austin, 0. L. 1948. Predation by the common rat, Rattus norvegicus, in the Cape Cod 

colonies of nesting terns. Bird Banding 14: 60-65. 
Beatty, H. A. 1930. Birds of St. Croix. J. Dep. Agr. Puerto Rico 14: 135-150. 
Danforth, S. T. 1935. Supplementary account of the birds of the Virgin Islands including 

Culebra, etc. J. Agr. Univ. Puerto Rico 19: 439-472. 

Erdman, D. S. 1967. Sea birds in relation to game fish schools off Puerto Rico and the Virgin 
Islands. Carib. J.-Sci. 7(1-2): 79-85. 

Kepler, C. B. 1971. Bird survey of St. Thomas (offshore islands) and St. John, Virgin 
Islands. Unpublished report to Patuxent Wildlife Research Center, Laurel, Maryland, 
12 July. 

--. 1978. The breeding ecology of seabirds on Monito Island, Puerto Rico. Condor 80: 

72-87.

Leopold, N. F. 1963. Checklist of birds of Puerto Rico and the Virgin Islands. Univ. Puerto 
Rico Agr. Exp. Sta., Puerto Rico 168:1-49. 

Nicholas, R. A. 1943. The breeding birds of St. Thomas and St. John, Virgin Islands. Mem. 
Soc. Cubana Hist. Nat. 17:23-37. 

Robertson, W. B. 1962. Observations on the birds of St. John, Virgin Islands. Auk 79: 
44-76.

Wetmore, A. 1927. The birds of Puerto Rico and the Virgin Islands. N.Y. Acad. Sci., 
Scientific Surv. Porto Rico and the Virgin Islands 9:245-571. 

452 Forty-Fifth North American Wildlife Conference 



Conservation Practice with Relation to Habitat Loss in 
the Southeast Caribbean Region 

Richard tTrench 

St. Peter's School, Texaco Trinidad Inc., Pointe-a-Pierre, Trinidad 

Introduction 

It is a well-attested fact that the ecosystems of small islands are particularly 

susceptible to habitat loss, since their depauperate flora and fauna exist within 

already limited resources, that are less flexible than those of larger land masses. 

The Caribbean islands are second only perhaps to the Hawaiian islands in witnes­

sing the extinction of a significant proportion of their native bird species within 

comparatively recent times; an unenviable distinction indeed. The disappearance 

of these and other species of flora and fauna can usually be attributed to man­

made causes. However, unlike in the Hawaiian islands, where bold programs of 
protection have been introduced, in most of the Caribbean islands conservation 

action seems to have been slow and piecemeal. In this paper I hope to detail the 
problems and the attempted solutions, with particular reference to the southeast 

Caribbean, especially Trinidad, of which I have firsthand experience. 

Natural Habitat Loss 

Although it hardly falls within the scope of this paper, I should briefly mention 

the major sources of habitat destruction which occur naturally. Principally, dam­
age caused by periodic hurricanes can be catastrophic to wildlife. Within the past 

25 years, four storms have -caused serious habitat destruction on Grenada, To­

bago, Trinidad and Dominica. In 1963, a hurricane (only the third to do so in two 

centuries) devastated the island of Tobago, destroying the entire forest reserve on 

the island's Main Ridge. Less than seven percent of canopy trees survived at all, 

and few of those re-formed anything like a normal crown. Immediate results of 

this disaster included drastic changes in the humidity and soil moisture relations of 
the area, erosion and soil loss through landslides, flooding, and silting of reser­

voirs. Wildlife was evidently hard-hit, especially the typically montane species. 

For example, the endemic race of a common montane hummingbird was almost 
completely extirpated. Forestry experts predict that it could take up to 100 years 

for the rain forest to regenerate, and that provided no further destruction takes 

place. 

The full extent of the 1979 hurricane in Dominica has not yet been published, 

but one fears that the devastation may have been even more comprehensive, 
insofar as Dominica was more completely forested than Tobago. This is particu­

larly unfortunate, since Dominica seemed to be in the forefront of recent conser­

vation action within the region. 

Occasionally, forest fires are thought to have been started by natural causes, 
and certainly they are far more prevalent in extra dry periods; but the opinion of 

most people who have studied the problem of bush fires is that the vast majority 

are caused deliberately by man. In Trinidad alone, approximately 2,000 acres (810 

ha) are burned annually, and this figure is on the increase. 
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I also very briefly mention coastal erosion, which removes a fairly significant 
part of the coasts of south and west Trinidad annually; and also occasional erup­
tions of volcanoes, such as La Soufriere on St. Vincent, as being additional causes 
of natural habitat loss on the islands. 

Habitat Destruction by Man, and Its Effects on Wildlife 

Ever since man arrived in the Caribbean islands, he has proceeded to exploit the 
natural environment for his own purposes, and the process has accelerated alarm­
ingly in recent times. Only in the last few years has there been any attempt to 
apply ecological standards to decisions concerning physical development; such 
attempts, few as they are, may have come too late. 

In an early review of conservation in the Caribbean, Westermann (1952) re­
ferred to poor agricultural practices, depletion of forests, waste of soil, water and 
forest resources, while at the same time commenting on the rapidly increasing 
human population of the area. To a certain extent these problems resulted from a 
traditional lack of settled agricultural policies, a greater prevalence of subsistence 
farming with shifting cultivation, and the failure of authorities to come to grips 
with squatting, illegal forest-cutting and the like. 

In more recent times the problem has become more complex. Trinidad is proba­
bly the most noteworthy example of a comparatively prosperous Caribbean is­
land. Its population growth has now leveled off after doubling within the last 30 
years, while at the same time valuable mineral resources have ensured a steady 
rise in the standard of living and economic expectations of the people. Under 
these circumstances we find physical development proceeding at a breakneck 
pace, with new industries mushrooming, housing estates proliferating, and an 
increasing public demand for more and better roads, water supply and basic 
services. On the other hand, the machinery of government is still in the hands of a 
people who traditionally eschew efficiency, whose easygoing nonchalance cannot 
keep pace with the demands of modem technology, and who are faced daily with 
bureaucratic problems they cannot handle. It is small wonder that when short cuts 
are taken, and decisions concerning the environment hastily made, the interests 
most likely to suffer are those of minority groups such as environmentalists and 
conservationists. Big business, the material prosperity of a few, short-term an­
swers to problems, vote-catching gestures of politicians, these are the factors that 
still control the environmental situation in the Caribbean. 

One of the most notorious abuses is shown in the systematic depletion of natural 
forests. This comes about in a variety of ways. First, as a matter of deliberate 
government policy, forests are cleared to provide agricultural land for small farm­
ers. Often this is done without due regard for the suitability of the terrain. Some 
years ago, a university professor on a field trip in the Aripo Savannahs of Trinidad 
(an area comprising natural savannah and specialised palm forest) was startled to 
find a large portion of the area being cleared by bulldozers. Enquiries led him to 
discover that the Agriculture Ministry had ordered this to be done, without first 
finding out that the soil of these savannahs was totally unsuitable for agriculture of 
any kind, being extremely acid and almost devoid of nutrients. Under the soil is an 
impervious layer of clay, so that plants are waterlogged in the wet season but 
suffer from drought in the dry season. The few plants that survive are botanically 
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most interesting, and the area is a unique section of Trinidad's ecosystem, but the 
government officials had not bothered to check with the experts before sending in 
the bulldozers to clear the land for farms that would never produce anything. 
Meanwhile, productive land in other parts of the country is gradually being aban­
doned by peasants, whose traditional methods cannot compete successfully with 
modem economic pressures. 

In several islands, so-called Government Forest Reserves are officially 
exploited for timber production. The only limitation placed on woodcutters is a 
"girth limit." In Trinidad, as an additional control a Periodic Block System was 
introduced, which limited felling to certain areas to be harvested annually within a 
25-year cycle. However, woodcutters always take the best trees available to them,
and it was discovered, after 25 years, that the exploited blocks were not regenerat­
ing adequately, probably due to lack of suitable controls over woodcutters. Within
recent years more scientific selection has been introduced, and this may rectify
the situation. Meanwhile, intensive timber removal has resulted in the loss of
diversified habitat in many places, and the damage to wildlife must be consider­
able. I have personally found many areas of forest, which were rich in bird life 20
years ago, reduced to habitat that is little more than secondary scrub, with many
vines and grasses and correspondingly depauperate fauna.

In spite of voicing, in its Annual Forestry Report for 1979, an apparent concern 
for the loss of wildlife habitat, the Government of Trinidad is proceeding to open 
up even more areas of forest for timber exploitation, the most recent being two 
sections of forest, respectively 11,000 acres (4400 ha) and 60,000 acres (24,000 ha) 
in size. Access roads are being constructed for the purpose, one of which is 100 
feet (30.5 m) wide, a seemingly unnecessary waste of forest land. 

Where reafforestation has taken place, it is largely done by planting exotic but 
commercially valuable species, the teak (Tectona grandis) and Caribbean pine 
(Pinus caribaea). In Trinidad alone total plantations of these two species covered 
33,851 acres (13,705 ha) by 1979, about one-eighth of the island's reserved forests. 
As wildlife habitats, teak and pine are almost worthless, but of course they are 
easier to manage than natural mixed-species forests. 

Swamps and marshland, also important areas of wildlife habitat (ffrench 1966), 
have not escaped the notice of the agricultural developers. While the Caroni 
mangrove swamp in Trinidad has been treated with respect by the authorities, 
owing to a large tourist revenue resulting from the presence of the spectacular 
scarlet ibis (Eudocimus ruber), the smaller mangrove swamps in other areas, such 
as Point Lisas, have been cleared and filled, without any regard for the possible 
effects on the ecosystem. Meanwhile, over-exploitation of the tourist potential has 
probably been the cause of the scarlet ibis abandoning the Caroni Swamp as a 
nesting ground in favour of a site in Venezuela. 

The large freshwater Nariva Swamp in eastern Trinidad has for some time been 
interesting developers, who hope to establish rice or soya bean cultivation after 
drainage. Although this is still in the planning stage, whe.n it happens, develop­
ment will undoubtedly destroy the only Caribbean habitat for the blue-and-yellow 
macaw (Ara ararauna) and several other rare species of birds and reptiles. As a 
further example of government apathy in this respect, soon after declaring a 
wildlife sanctuary in a forested island within the Nariva Swamp, the authorities 
permitted woodcutters to enter the area to extract valuable matchwood trees 
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(Didymopanax sp.). The resulting devastation led to the abandonment of the area 
by several rare mammals, for which the sanctuary had originally been created. 

The disastrous effects of shifting cultivation on hillside forests is too well­
known to require description. In the southeast Caribbean, the phenomenon fol­
lows the usual pattern, "slash and bum" followed by two or at most three years of 

subsistence farming, then abandonment and the reverting of the land to unproduc­
tive bush. The lack of forest cover leads to landslides, erosion, increased water 
run-off, silting of streams and reservoirs, and eventual flooding in areas adjacent 
to foothills. This last has reached extremely serious proportions in Trinidad re­

cently; but in spite of a much wider recognition of the problem among the general 
public than heretofore, no serious attempt has been made by the authorities to 

curb the activities of squatters and shifting cultivators, even within forest re­
serves. 

During the dry season, bush fires rage constantly on the l;lill-sides, usually out of 

the range of fire-fighting facilities, if these exist in the area. In 1978 a sizeable 

portion of rain forest on Trinidad's second highest mountain, El Tucuche, was 
burned, and much of the habitat of several rare montane species, including the 
endemic Golden Tree-Frog (Amphodus auratus) was destroyed. Bands of volun­
teer fire-fighters eventually brought the fire under control, but the official gov­
ernment position, broadcast in the news media, was that the fire never happened, 
so nothing need be done! 

One inevitable result of the recent boom in physical development is the in­
creased demand for housing land and for materials for construction. The steady 
population rise in all the islands, coupled with much-needed improvements in 

living standards, has led to a considerable urban spread. 
Wildlife habitat has inevitably suffered as the demand for development has 

claimed land for water reservoirs and quarries to provide road materials and the 

like. In Trinidad, much forest has been cleared in order to lay pipelines for an 
island-wide water distribution system. Sometimes quarrying and excavation 
works can be done in low-lying, unproductive lands where the effects of the 
habitat loss are minimal for wildlife. But on the other hand, considerable damage 
has been done where quarrying has been allowed to proceed in fairly remote hilly 
areas, where controls are not easy to enforce, and where public opinion is largely 
silent. In Trinidad, during 1976, a major controversy arose when an area of foot­
hills adjacent to one of the scenic drives near the capital of Port of Spain was 
devastated by excavators. The resulting publicity probably benefited the conser­

vation movement, but in spite of promises to restore the scarred hillside, to date 
the contractors have done nothing, and the area remains devoid of vegetation. The 
Government now plans to set up a 2,000 acre (810 ha) quarry estate in the heart of 

forested land, whose only benefit to the environment may be that it will probably 
put out of business the many small private quarry operators who up to now have 
paid little heed to conservation principles. 

Problems of industrial pollution plague the islands on a rather smaller scale than 
in the metropolitan countries; but to add to our difficulties is the tendency of 
multinational pesticide producers to dump on our less well-informed inhabitants 
those products, such as the persistent hydrocarbons, that have been banned in the 

north as a result of public outcry. Only recently I discovered in my own home 
town the widepread use of Dieldrin by a company to eliminate a common but tiny 
insect that causes no more than a minor nuisance to householoers. Such "over-
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kill" methods are quite common among farmers, and pesticide control legislation 
is very much in its infancy. In our area, effective action against haphazard and 
dangerous pesticide use always has to emanate from private individuals or organi­
zations, since government authorities can never be relied upon to take notice. 

The general effects of industrial pollution upon the land, air and water that are 
essential to wildlife habitat have not yet been studied in detail over a sufficiently 
long period in the Caribbean for any pertinent conclusions to be drawn. But 
environmentalists are becoming increasingly concerned about the likely effects of 
a multi-million dollar industrial complex currently being established on the west 
coast of Trinidad at Point Lisas. The chief anxiety is about thermal pollution in the 
offshore waters of the Gulf of Paria, where effluent from new steel and aluminum 
industries is likely to raise the sea temperature by several degrees, with possibly 
catastrophic results for marine life. 

Turning briefly to coral reefs in Tobago, Grenada, Barbados and St.Lucia, the 
story here is of many previously fertile reefs being over-exploited by an uncon­
trolled tourist trade. Coral souvenirs are broken off, careless anchoring smashes 
the formations, spear-fishers decimate the fish population, and in some areas, 
notably the Grenadine Islands, pollution of the reef by waste and litter from 
passing yachts gradually destroys the habitat. In one instance, in Tobago a neigh­
boring mangrove swamp was being drained by a development company ''to elimi­
nate mosquitoes in the interests of a proposed holiday housing estate,'' until it was 
pointed out that the mangroves provided a valuable nursery feeding area for many 
of the reef fauna. The mangroves here were saved just in time; other areas have not 
been so lucky. 

Conservation Practices 

Fortunately, all these abuses have not been allowed to proliferate without some 
action from conservationists. The questions are, how effective is this action, and 
is it in time to save a unique habitat? 

Many islands have an enlightened system of government reserved forests, dat­
ing back well into the colonial era. The oldest forest reserve in the New World 
may well be that in Tobago, officially established in 1765 as "woods for the 
protection of the rains." Between 1900 and 1960 some 330,000 acres (133,600 ha) 
of forest reserves in 36 areas of Trinidad and Tobago were set aside by the 
authorities, constituting about one-quarter of the islands' total area. Similar forest 
reserves constitute rather smaller percentages in the other islands, though on 
highly developed Barbados the only forest reserve covers a mere 46 acres (18.6 
ha), less than point one percent (0.1%) of the island's area. 

But we have already seen that reserved forests in the Caribbean may be used 
and exploited against the interests of wildlife. Even wildlife sanctuaries are not 
immune to timber exploitation, though the justification for this surpasses credibil­
ity. Hence, several territories have proceeded further and set up national parks, 
specifically to protect wildlife habitat. This movement, only just beginning in the 
area, has resulted in the 1975 establishment of a 15,800 acre (6,400 ha) national 
park in Dominica, about eight percent of the island's area. Other national parks 
are about to be set up in Barbados, Trinidad and Tobago, safeguarding unique or 
important areas of wildlife habitat. If the management of these parks can match in 
efficiency the meticulous and comprehensive nature of their plans, all will be well. 
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In addition to public reserves and sanctuaries, some private individuals and 
organizations have established wildlife sanctuaries, notably the Asa Wright Na­
ture Centre at Springhill in Trinidad, and at Grafton in Tobago. While the size and 
scope of these ventures are small, the comparative effectiveness of their operation 
and the attending publicity go a long way towards bending public opinion in the 
right direction. 

Most of the islands maintain legal safeguards on hunting, involving closed sea­
sons, bag limits, and restrictions on methods of operation. But in many years of 
observation I have remained unconvinced that these safeguards do more than 
satisfy conservationists that the government's intentions are right. Lack of per­
sonnel training, inefficient legal procedures and downright apathy account for the 
poor record in this field. The official summary of wildlife offenses during 1972 for 
Trinidad and Tobago gives typical statistics for a staff of ten: 22 cases reported 
(mostly minor technical infringements), 21 caution notices issued, one case post­
poned, no penalties inflicted. And yet one sees and hears constantly of serious 
infringements. 'Dtere were nearly 6,000 licensed hunters in Trinidad during 1978, 
most of whom hunt to sell their game (now retailing at over two dollars (U.S.) per 
pound). 

However, probably the most significant development in conservation action 
during recent years has been in the field of the education of public opinion. The 
Eastern Caribbean Natural Area Management Programme was launched in 1977 to 
train personnel in resource management, to encourage strategic planning and 
environmental education, and to initiate development projects. The work is exe­
cuted through the Caribbean Conservation Association, a regional body, and the 
School of Natural Resources of the University of Michigan. It has already pro­
duced encouraging results in Dominica, Grenada and elsewhere. Other territories 
are beginning to follow Venezuela's 1977 example of establishing a Ministry of 
Environment and Renewable Natural Resources in their governments. National 
trusts have been set up in St. Lucia, St. Vincent and Barbados, where environ­
mental education is now beginning to be provided through the agency of the 
University of the West Indies. Trinidad and Tobago, while lagging behind the 
neighboring islands in the formation of national bodies, has begun to emerge from 
a position of gross ignorance in wildlife matters. An active field naturalists' group 
has doubled its membership in the last four years, and is spearheading the promul­
gation of environmental issues. An Institute of Marine Affairs has been estab­
lished to promote a better understanding of the marine environment, and to help 
formulate better informed government policies; it too has started an environmen­
tal education program. Public lectures, exhibitions, seminars and conferences are 
much more frequently held, highlighting environmental issues, while public opin­
ion has undoubtedly been favorably affected by a number of recent publications, 
including a regular bi-monthly illustrated magazine, entitled The Trinidad Natu­

ralist. In one notorious case in 1976, several environmentalist groups joined in 
putting pressure on the government to discontinue allowing the use of the Caroni 
mangrove swamp as an industrial through way, since this was considered a threat 
to the ecology of the swamp. Eventually the government bowed to the pressure. 

The critical question in conservation action within the region remains: Can the 
various measures outlined above sufficiently withstand the economic pressures of 
developing nations in time to safeguard enough of their fast dwindling natural 
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resources? To a certain extent, we have been preaching effectively up to now only 

to those already committed to conservation. Governments faced with alternatives, 

leading either to further economic development or to preservation of unique natu­

ral areas, tend towards the former as the more obvious, attractive and popular 
choice. Thus, if we are to succeed in putting our message across, apart from 
encouraging the trend toward environmental consciousness, now at last happily 

increasing, we have to recognize the importance of the mass media to the conser­

vation movement, to enlist their help-which to date has rarely been 

forthcoming-and to incorporate their methods in our approach to the problems. 
Time is running out, for the islands are small, their populations still growing, their 

needs ever more articulately stated. The next 20 years will be critical if we are to 

safeguard any significant portions of wildlife habitat before they become obliter­

ated in the name of economic progress. 
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Overview of Conservation 
in the Caribbean Region 

Allen D. Putney 
Eastern Caribbean Natural Area Management Program, West Indies Laboratory, 
Christiansted, St. Croix, U.S. Virgin Islands 

The Region and Its Diversity 

In this paper, the Caribbean region is somewhat arbitrarily defined as all nations 
bordering the Caribbean Sea, except Mexico, which is considered essentially a 
Gulf nation. With a population of approximately 135 million, some 29 political 
entities, and 4 major languages, it is one of the most diverse regions of the world. 
An understanding of this diversity is central to understanding the status of conser­
vation and the measures which are required to improve the management of living 
natural resources. 

The cultural elements of the region (European, African, Asian, Amerindian) 
vary considerably as to the particular mix in any given area. In terms oflanguage, 
Spanish clearly dominates and is spoken by 86 percent of the population, while 
French Creole (7 percent), English (5 percent), and French (1.7 percent) follow 
(United Nations 1977a, Rickards 1978). However, it is more significant to note 
that English is the official language of 15 of the political entities of the region, 
Spanish of 10, French of 3 and Dutch of 1. 

Politically the region is composed of independent states, overseas departments, 
associated states, commonwealths and colonies, but the number of independent 
states is increasing rapidly as decolonization accelerates. The largest is Colombia 
(just over 1 million km2) which is more than 10,000 times larger than the smallest, 
the island of Montserrat (100 km2). Population density varies from the island of 
Barbados with 568 inhabitants per km2 to Belize with 6 inhabitants per km2 

(United Nations 1977a). By far the greatest population densities are found on the 
islands of the Lesser Antilles. 

Resource endowments of the region are extremely varied. Oil is exported by 
Venezuela and Trinidad. There are 56 large-scale mining operations in the region 
with 30 in the Greater Antilles. Some 50.3 percent of the region is forested, 9. 7 
percent is arable land, 22.7 percent is pasture and 17.3 percent is other (FAO 
1976). Again each country varies considerably, e.g., Barbados has about 77 per­

cent arable land while Belize has 1.4 percent. 
Contrary to what is found in the temperate seas, the marine resources of the 

Caribbean are concentrated in the coastal areas. The major fishing nations of the 
region (Cuba, Panama, Venezuela) are much less dependent on fish protein than 
are the insular nations which are not self-sufficient in fish production. On the other 
hand, the insular nations receive the major portion of marine-oriented tourism .. 
Indeed, the British Virgin Islands, the Netherlands Antilles, and Antigua annually 
receive numbers of visitors in excess of their own population (Gajraj 1978). 

Finally, it should be noted that the countries with per capita incomes of less 
than $500 (Haiti, Honduras, St. Vincent, Grenada, Dominica) are concentrated in 
the insular Caribbean where population densities are greatest (Gajraj 1978). 
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Some Major Obstacles to Conservation 

It is commonplace to blame natural resource degradation and social and eco­
nomic problems in the developing world on the uncontrolled growth of population. 

This is obviously a contributing factor, but of equal or more importance is the 
magnitude of resource consumption of the industrial countries which have about 
one-fifth of the world's population but consume about four-fifths of the world's 
resources traded through international markets (Myers 1979). U.S. per capita 
income is more than seven times that of the average for the Caribbean and is 

reflected in resource consumption, where the disparity is even more marked. 
The combination of rapidly increasing demands for raw materials, generated 

mainly outside of the region, and the rapidly expanding population within the 
region result in ever increasing exploitative pressures on natural resources. The 
effects are large in magnitude and for all practical purposes, permanent. Although 
there is again great diversity in the region, deforestation appears to be proceeding 
at between 2 percent and 10 percent annually. This would mean that if the defores­
tation rate remains steady, Central America would be essentially deforested in 10 
years and incredible numbers of plants and animals made extinct. Worldwide, it is 
estimated that from half-a-million to a million species will be extinct within 20 

years (Myers 1979). 
The demand, from outside of the region, for its raw materials, which causes 

from 40 percent to 70 percent of the region's products to be exported, are gener­

ated and effected mainly by large multi-national corporations and assisted greatly 
by international aid agencies. Traditionally, these agencies have funded large 
projects designed for short-term, high economic gains to export raw materials or 
semi-processed products to the industrialized nations. With the notable excep­
tions of U.S. AID, the World Bank, and recently the Inter American Bank, none 
of the donor or lending agencies requires environmental impact statements. 

Perhaps the most spectacular example of the consequences of externally gener­
ated demand is the deforestation of Central America which is in large measure due 
to the demand for cheap beef for the hamburger and fast food trade of North 
America (Myers 1979). Enormous expanses of forest have been felled to make 
way for artificial pasture for beef herds. Since 1950, the area of man-established 
pasturelands and the number of beef cattle have doubled in Central America. 
However, the beef does not go to improve the protein intake of local populations, 
but rather to assure low prices for hamburgers in the U.S. and Canada. The same 
is true in the marine area where lobsters, turtles, and conch have been wiped out 
to satisfy customers from outside of the region. 

Likewise, the population increase, coupled with chronically inadequate land 
distribution in the region has caused the rural poor to move to ever more marginal 
lands, or to the cities, swelling the ranks of the unemployed. Already between 40 
and 50 percent of the region's population lives in urban areas. 

The occupation of marginal lands has contributed significantly to deforestation 
trends as well as to accelerating erosion, with all of its consequences, and the 
impoverishment of soils. Thus, even with an 8.6 percent increase of land under 
cultivation in the region during the last decade, dependence on imported food is 
increasing rapidly (United Nations 1980). Further, the contribution of agriculture 

to the Gross Domestic Product has dropped in all countries except Honduras and 
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Venezuela. The drop is particularly spectacular for the islands of the Lesser 
Antilles (United Nations 1977b). 

The vicious cycle of occupation of marginal lands, loss of fertile soil, and 
movement to even more marginal lands is difficult to break. The movement of the 
poor is spontaneous and makes planned utilization of wildlands difficult if not 
impossible. This is especially critical since some 40 percent of the region's land 
still remains in a wild state. The options for land use planning are still open over 
large areas, but are being closed at a very fast rate. 

A partial solution to the occupation of marginal lands is agrarian reform, but as 
long as the land-owning oligarchies of the region remain a powerful force in 
governments, meaningful reform will not take place. And the trend in Central 
America (C. MacFarland, pers. comm., 1980) and probably region-wide, is for 
more and more land to be concentrated in the hands of a few families. 

A further major obstacle to effective conservation in the region is the lack of 
trained leaders in natural resource management. This is due to the poor salaries 
offered, the difficulty in obtaining scholarships, and the incentives offered to 
bright young leaders in other fields, often outside of the region. As long as this 
situation remains, conservation action will remain on the periphery of govern­
mental and private interest group concern in the region. In fact, if one factor is to 
be singled out as the most important bottleneck in Caribbean conservation, it is 
the lack of human capacity to manage. 

Importance of Caribbean Conservation to the United States 

Before going into some of the recent developments in conservation in the 
Caribbean, it is perhaps useful to ask why the U.S. should be concerned. The 
central reason is the growing interdependence of the world. With each passing 
year this interdependence increases and the concept of national sovereignty be­
comes more obsolete. Events of the past few months underscore this concept and 
have proven how dependent the U.S. is on natural resources from outside its 
borders. Many of the vital resources of the U.S. come from the Caribbean and are 
all the more vital because of their proximity. 

It is certainly, therefore, in the interest of the U.S. to assist the nations of the 
Caribbean on a cooperative basis to manage and conserve their natural resources 
and to promote conditions which enhance stability in the region and the flow of 
goods. This is fairly obvious. But what is less obvious, and just as true in the 
Caribbean as in the rest of the world, is the extent of U.S. dependence on the 
genetic resources, ecological systems and bio-physical processes of the region. Oil 
is now obvious in its imporatnce, but much less is made of the importance of 
genetic resources, ecosystems, or biophysical processes because they are not a 
single item nor can their value be calculated. In many cases the value is not 
apparent or even known or, is potential and not actual. Be that as it may, the 
strategic importance of genetic resources, ecosystems and biophysical processes 
should not be underestimated. Further, most of the environmental problems men­
tioned in the previous section lead to the destruction of species (and thus, of 
genetic potentials), ecosystem stability, and the disruption of biophysical proc­
esses. 

Examples are needed to illustrate this point because it is not commonly known. 
For this I am relying on two recently available documents. The first is a book by 
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Dr. Norman Myers entitled The Sinking Ark (1979). I would urge you to read it 
because of its excellent explanation of the importance of genetic resources and the 
factors which operate to cause the extinction of species on a scale never imagined 

until recently. The second, the World Conservation Strategy (IUCN 1980) is 
particularly useful for its analysis of global conservation problems and synthesis 
of conservation requirements and priorities. 

Perhaps the best example of the importance of genetic resources is in agricul­

ture since it comes very close to the question of national security itself. As we 

know, the U.S. presently is able to pay for its imported energy largely through the 

sale of agricultural produce, especially grains. However, agricultural production 
in the U.S. rests on a very narrow genetic base and is heavily dependent on 
foreign genetic reservoirs. The cultivated crops have such a narrow genetic base 

that they are highly susceptible to some form of pathogen, insect pest, or severe 
envrionmental stress such as unusually cold or arid conditions. It is known that 
insect pests can develop new strains to overcome the genetic defenses of plants in 

three to ten years. They can do the same to build up resistance to chemical toxins 
in as little as 15 generations. Thus, the continued bounty of U.S. agriculture is 
dependent on constant access to genetic materials of wild cultivars which only 

exist in foreign countries. What if this access were denied by a grouping such as 
OPEC, or if the places where this genetic material exists were to be used for other 

purposes and the genetic material destroyed? The former possibly is perhaps 
remote because of the many nations involved, but the latter is happening now. 

Other examples of the importance of wild species are to be found in abundance 
in medicine. As many as halfofthe drug prescriptions in the U.S. contain a drug of 

natural origin. This is indicative of the present value of wild species, but the 
potential value is difficult to imagine. For example, a Caribbean sponge was found 
to yield a compound that is effective against herpes encephalitis, a deadly brain 
infection striking thousands yearly and for which no cure was previously known. 
This is of critical importance because the sponge's compound has supplied a 
breakthrough in the treatment of viral diseases much as penicillin did for diseases 
of bacterial origin (Myers 1979). Also, several seaweed species have been found to 

contain an active agent that inhibits the growth of two forms of virus that cause the 

common cold sore, a severe eye infection, and a widespread type of venereal 
disease. Sea cucumbers yield glycosides with anti-tumor activity. The list of 
examples can go on and on, not only for food and medicine, but for industrial 
applications as well, especially for waxes, oils, lubricants, and bioenergy. All 
point to the enormous value, some present but mostly potential, of wild species 

and genetic stocks. 
To safeguard the world's priceless genetic heritage, the first and most essential 

step is to protect representative samples of the world's living organisms, and of 

the support systems on which they depend. Programs to this end are currently 
underway through the Commission on National Parks and Protected Areas of the 

International Union for the Conservation of Nature and Natural Resources, and 

the Man and the Biosphere Program of UNESCO. But progress is very slow, and 
it is obvious that the donor countries do not consider this to be a high priority 
item. Yet, if the security of the United States is at stake, can we afford to ignore 

the problem and hope it will be solved by underfunded and overburdened interna­
tional programs? Rather it would seem logical for the U.S. to sponsor a major 
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effort, not as concessionary aid, but as a cooperative effort that is clearly in its 

own interest as well as that of other nations. 

The interdependency of the world will not disappear no matter how hard politi­
cians shout about national sovereignty. Species' losses in any country are a loss 
for all. It is estimated that at least two-thirds, and probably three-quarters of the 

world's species are in the tropics (Myers 1979). Where better for the U.S. to start 
cooperative efforts to seriously protect the world's genetic heritage than at its 

tropical doorstep in the Caribbean? 

Recent Advances in Conservation 

Progress within the Caribbean region in conservation has been uneven, but, a 

considerable amount has been accomplished, especially during the last five years. 

From the outset I should indicate that it is almost impossible to know of all the 

conservation activities throughout the region, so I hope you will excuse me if my 
remarks skip over important work with which some of you may be familiar. I am 
especially ignorant of activities in the northwest Caribbean and specifically 
exclude from my remarks the nations of Mexico, Cuba, Jamaica and Haiti. 

One of the main indicators of conservation activity seems to be the establish­

ment of national parks and protected areas, and more importantly, their effective 
management. The first national park in the region, Henry Pittier in Venezuela, 

was created in 1937. The Venezuelan system of parks was followed by that of 

Colombia and Costa Rica in the late 1960s. Since then, national parks and pro­
tected areas have proliferated so that presently there are some 142 legally estab­

lished areas. Although precise data are lacking, it is probable that only about half 

of these actually have management in the field. 
The parks and protected areas of the region (excluding Mexico, Cuba, Jamaica, 

and Haiti) as specified in national legislation, are as follows: Antigua and 

Barbuda-2 areas (2,500 ha); Belize-12 areas (308,459 ha); Colombia-31 areas 

(3,779,408 ha); Costa Rica-21 areas (198,000 ha); Dominica-I area (6,840 ha); 
Dominican Republic-5 areas (219,800 ha); Guadeloupe-I area (21,500 ha); 
Honduras-8 areas (1,300,000 ha); Martinique-I area (400 ha); Netherlands 

Antilles-6 areas (13,500 ha); Nicaragua-3 areas (117,300 ha); Panama-5 areas 
(350,939 ha); St. Lucia-5 areas (2,518 ha); Trinidad and Tobago-13 areas (24,049 

ha); Venezuela-18 areas (4,592,997 ha); Virgin Islands, British-8 areas (655 ha); 

Virgin Islands, U.S.-2 areas (6,429 ha). Together these 142 areas occupy some 
10,945,294 ha, or about 4.2 percent of the region's land surface. This is just about 

equivalent to the size of the U.S. National Park System which occupies about 1.1 

percent of the U.S. land area. It is a rather remarkable achievement for the nations 

of the Caribbean over a very short period of time and with very few resources. At 

the same time, it should be noted that there is an urgent need for the systems of 

parks and protected areas of the region to be modified to include full representa­
tion of the region's diverse ecosystems and better maintain the region's essential 
ecological processes and life support systems. 

It is encouraging to note the recent trend within the region towards strategic and 
programmatic planning. Until recently, international assistance to conservation 
efforts in the region was totally sporadic, uncoordinated, and hit-and-miss. This is 

now changing through the development of regional strategies for conservation, 
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such as for the marine environment (Putney 1978, IUCN 1979) and for the Lesser 
Antilles (Putney 1979), and the development of a regional action plan for environ­
mental management (United Nations 1980). Each of these efforts is an attempt to 
understand problems at the regional level so that attention can be focused in a 
coordinated manner on the most critical ones. 

Another important advance has been the increased availability of training op­
portunities for the region's natural resource managers and conservationists. Uni­
versities in the United States, such as the University of Michigan, the University 

_ of Rhode Island, and the University of Miami, have tailored programs to the 
specific needs of the Caribbean region. Within the region, Costa Rica, Colombia 
and Venezuela now offer university programs aimed at producing qualified natural 
resource managers. The Tropical Agricultural Center for Research and Training 
(CA TIE) has for the past several years had a very active Wildlands and Watershed 
Management Unit as part of its Renewable Natural Resources Program. The Unit 
has played a key role in stimulating management of wildlands in the Central 
American Region as well as offering graduate level and shorter term training 
opportunities. The Eastern Caribbean Natural Area Management Program has 
offered workshops in the insular Caribbean for national park planning and man­
agement and has worked directly with the governments and private organizations 
of the area to stimulate the management of living natural resources. 

With the increased availability of training opportunities and technical assistance 
from a variety of sources, capable and dynamic leaders have come to the forefront 
in several countries. Wherever this has happened, notably in Costa Rica, Colom­
bia, the Dominican Republic and Dominica, rapid improvement has taken place in 
the management and conservation of living natural resources. It is this fact that 
has led many to the conclusion that human capacity to manage is the critical factor 
in developing effective resource management programs in the region. 

It is also interesting to note that active nongovernmental conservation organiza­
tions have tended to develop in those countries where effective leaders have taken 
over the management ofliving natural resources in government agencies. In most 
cases, these new leaders have seen the value of nongovernmental organizations 
and have spurred inactive organizations into more effective roles in support of 
management activities. 

Both the CATIE Wildland and Watershed Management Unit and the Eastern 
Caribbean Natural Area Management Program (a cooperative program between 
the University of Michigan School of Natural Resources and the Caribbean Con­
servation Association) have been supported by the Rockefeller Brothers Fund, 
which has continuously funded regional conservation programs in Latin America 
and the Caribbean during the past decade. This support has been a critical element 
in stimulating action through the governments of the region, nongovernmental 
organizations, and international programs. Even With relatively small financial 
resources, the Fund has been able to generate considerable action. The key to 
their success has been the flexibility and pragmatism of their approach coupled 
with an ability to respond rapidly at critical moments. 

Further encouragement is added by the U.S. Government's new directions in 
providing assistance to the region in environmental concerns. This is a new depar­
ture which has been caused by pressure by nongovernmental organizations in the 
U.S. on the Agency for International Development (AID). Their efforts have paid 
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off handsomely and AID has been directed by both the President and Congress to 
fund '' environmental projects'' as well as to take proper account of the environ­

mental consequences of their other projects in the recipient countries. Specifi­

cally, AID is now funding a regional project to assess training needs within the 

region in wildland and wildlife management and to recommend an action program. 

They have also initiated major natural resource projects in Panama and Costa 
Rica. Others will be brought on stream within the near future. 

IDndsight as a Guide to the Future 

The last few years have witnessed great strides in the Caribbean towards con­

servation action. This period has provided a series of opportunities to test ideas 
and methods and to extract guidelines for future activities. I would like to suggest 

several that seem critical which are based on the experiences of a variety of 

individuals and organizations who have worked for long periods in the Caribbean 

region: 

1. Qualified leadership at the national level is a prerequisite for long term and

effective conservation action. Thus, the training of key natural resource mana­

gers should be a high priority item for international assistance.

2. Most of the already developed "technology" and methods for natural resource
management are not directly applicable to the natural and institutional envi­

ronment of the Caribbean Region. It is therefore critical that technical inputs
from outside of the region be adapted to fit particular needs and circumstances
by those fully knowledgeable about the local scene, and that local solutions be

sought as a first priority.
3. Training of resource managers should be based on the experience gained from

pilot and demonstration projects in the region. Thus, it is crucial for training
programs to be firmly linked with on-the-ground action projects.

4. There is a continued need for nongovernmental organizations within and out­
side the region to pressure bilateral and multilateral development programs to

integrate environmental concerns into their regular programming process.

5. There is a need for the further development of theoretical tools and practical
assessment methods adapted to the conditions of the region so that conserva­
tion efforts can move toward the conservation of the biophysical systems

which support and maintain development.
6. For conservation to become a part of the development process it must de­

emphasize the concern for single spectacular or appealing species and empha­

size concerns which orient and guide the development process in harmony with
the natural and cultural environment, and acknowledge the dependencies of

human and natural systems.
7. Programs of international assistance should be small in scale and not over­

whelm or dominate the recipient agency. At the same time, a holistic approach

should be taken so that all elements of management, such as law, policy,
research, planning, field implementation, public education and training, are
dealt with together as part of a single integrated process.
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8. The team approach to management is essential so that a full spectrum of views
and disciplines is consulted in the management process, and so that an ambi­

ence of cooperation and mediation is fostered instead of one of conflict, con­
frontation and competition.

9. Management must take full account of the needs and opinions of local citizens

whose lives are affected by management decisions.

And finally, I would urge that we in the United States take cognizance of the
importance of supporting, in pragmatic ways, the management of living natural 

resources in the Caribbean, not as a goodwill gesture or with an attitude of con­

cessionary aid, but rather as an element of the United States' concern for its own, 

and the world's, security. 
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