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1. INTRODUCTION AND BACKGROUND 

 
Fresh water sources for Florida Keys wildlife are important resources whose availability varies 
with the region’s distinct wet and dry seasons, and may become quite limited during extended 
periods of drought.  In the middle and lower Keys such sources are comprised of natural 
depressions holding rain water, artificial or man-enhanced depressions (e.g. mosquito ditches and 
dug-out ponds) some of which are connected to subterranean freshwater lenses, and small and 
large naturally formed “solution holes”. 
 
The importance of awareness of the palatability state of the various water sources throughout the 
year has been long recognized by Keys wildlife researchers.  In the past, regular field monitoring 
for water salinity was conducted, supplemented in the early 2000s by the placement of multiple 
rain cachement devices within Key Deer Refuge lands.  More recently, however, the Refuge has, 
to our knowledge, conducted periodic field sampling only in the few months following Hurricane 
Irma in 2017, and temporarily provided supplemental water to wildlife after Irma inundated 
practically all inland water sources with salt water. The recent lack of information about 
drinkable natural water sources available to wildlife led to, among other effects, the periodic 
proliferation of potentially misleading heresay within the resident community about the 
environmental status being endured by the deer and other wildlife, and potential need to augment 
existing water resources. This project, managed with internal resources by Save Our Key Deer, 
Inc. (SOKD), aims to provide continuous valid scientific data about the true status of water 
availability to wildlife throughout islands spanning No Name and Sugarloaf Keys.  The data are 
available to Refuge management and related state and federal agencies, as well as the public 
through SOKD’s web page (www.saveourkeydeer.org ). The project utilizes a broad network of 
sampling sites (Figure 1), some of which are on non-refuge lands and some of which lie within 
the Refuge. A few of the original sites have been dropped during the initial 2-year period when it 
became obvious that the site seldom or never reaches palatable salinity levels. Similarly, a few 
new sites that were discovered during the project period were added, and are usually designated 
with “A” as part of their label. Not shown in Figure 1 are 5 sites occasionally monitored on Big 
Munson Island with permission of the US Boy Scouts, and one site on the eastern edge of Cudjoe 
Key. 
 
In addition to providing spatially detailed and comprehensive data on drinking water availability 
to wildlife in the Lower Keys, this project provides the opportunity to conduct research on 
several related topics: 1) SOKD maintains several rain gauges, and made arrangements with the 
Florida Keys Mosquito Control to have access to their daily rain gauge data from 23 sites 
between No Name and Upper Sugarloaf Keys. This allows study of how rainfall volumes affect 
the various water sources on an island by island (or even sub-island region) basis; 2) The water 
palatability cutoff for Key Deer is traditionally assumed to be 13-15ppt (i.e. almost half 
seawater), based on anecdotal observations published in internal reports by W.D. Klimstra and 
his students  in the 1970s.  To our knowledge, no real scientific data or physiological studies on 
the subject have been published since. Using trail cameras at selected water sources, this project 
aims to provide direct video evidence of the deer’s acceptance of the different salinity 
concentrations as the water sources cycle through their annual range, thus providing updated 
observations on what salinities may be tolerated by the deer.   



 
 
 

 
 
Figure 1. Salinity sampling locations (yellow) as of July 2021. Also shown are approximate 
locations of rain gauges (blue) utilized in the project. (A): Big Pine and No Name Keys, (B) 
Long Beach Peninsula 



 
 
Figure 1. (Continued) Salinity sampling locations (yellow) as of July 2021. Also shown are 
approximate locations of rain gauges (blue) utilized in the project. (C): Middle Torch and 
Ramrod Keys, (D) Upper Sugarloaf Key. 
 
 
2. TECHNICAL APPROACH 
 
SOKD owns several portable FisherScientific Traceable® salinity meters.  These highly accurate 
instruments were provided to participating volunteers after training.  Each volunteer takes 
responsibility for obtaining regular measurements at sampling stations close to their area of 
residence.  The original sampling interval was set at approximately 2 weeks. This was extended 
to 1 month in some cases during the rainy season, when it was obvious specific locations were 
maintaining their low salinity characteristics with ample rain input. The sampling procedure 
involves using a plastic collection cup attached to the end of an extendable boom to collect a 
water sample from the surface layer (see Figure 2).  Upon retrieving the cup, the salinity probe is 
dipped into the water sample and, while agitating, the salinity reading is read on the meter.  3 
independent samples per site are taken and the averaged value logged.  The use of the boom 
makes it easy to collect a sample in areas with muddy banks or very shallow water.  Both the 
collection cup and the meter probe are rinsed in distilled water after each sampling use. 
 



 
 
Figure 2. Taking water sample with boom-mounted cup (left), and measuring salinity of 
collected sample (right). 
 
 
 
The deployment of trail cameras to document whether deer (and potentially other animals) 
repeatedly utilize a water source with a particular salinity concentration was done at several 
locations on an adaptive sampling basis – when the locations’ salinities reached @ 7 ppt range 
and were increasing. During their deployment, the camera locations were not revealed to the 
public. 
 
 
3. RESULTS 
 
3.1 Drinking Water Hole Characterizations 
 
A detailed list of natural water holes that can be utilized by wildlife in the lower Florida Keys 
does not exist. Several reports released in the past 2 decades include a map of 246 water holes in 
the Key deer range, referencing a PhD thesis by Roel Lopez from 2001 (Lopez, 2001). This is, 
however, incorrect on several accounts: The 246 water hole locations were actually cataloged by 
M. L. Folk in 1988 for his thesis (Folk, 1991) and simply used by Lopez for his work. Lopez’s 
own field salinity work only involved 15 of the sites for 6 months after Hurricane Georges in 
1998 (Lopez, 2001). As per our own extensive field work, many of the water holes listed by Folk 
either contain salt water or are extensively brackish and clearly unusable for wildlife, so that data 
set is highly erroneous at present. For this project’s sampling sites we chose water holes that 
were identified as having low salinity properties in field notes done by an intern for the Refuge 
in the mid-2000s, and our own field surveys. At the end of this 2-year period we have 56 active 
sampling sites: No Name Key = 9, Big Pine Key = 17, Long Beach = 7, Middle Torch Key = 6, 
Ramrod Key = 4, Big Munson Island = 6, Cudjoe Key = 1, and Upper Sugarloaf Key = 6. 
 



 
Our observations reveal several different types of fresh water holes in the lower Keys, with 
different characteristics that affect their usefulness as drinking water sources for wildlife:  
 

A)  Surface depressions 10-40+ feet wide containing a fair amount of organic matter, 
surrounded (and sometimes overshaded) by thick vegetation such as hardwood hammock. 
Such depressions are filled solely by rain water, and do not appear to receive extensive 
runoff from the surrounding area. Although these water sources tend to dry out after 
extended periods of no precipitation, when holding water they tend to provide very high 
quality (low salinity) water for wildlife, even in areas that were inundated by saltwater 
during the Irma Hurricane. 

B) Ponds created by depressions in the cap rock, 50-200+ feet in diameter, often encircled 
with a bare-rock shoreline, with no underground connection to a freshwater lens. These 
ponds are filled with rain water and also receive significant runoff from mostly rocky 
surrounding areas. Because of their size, many of these ponds tend to hold water 
throughout the year. In areas that were inundated by saltwater storm surge during Irma, 
however, the ponds continue to hold very high salt amounts, acting as salt reservoirs from 
runoff from the surrounding areas. Due to this, their water salinities rise very rapidly in 
the absence of rain, as their water content evaporates, becoming hypersaline for extended 
periods during the dry season. All of these ponds thus do not represent a year-round 
drinking water source for wildlife. 

C) Solution holes and ponds with an underground connection to a freshwater lens. These 
range in size from just 1-2 feet across (e.g. BMI6 on Big Munson Island, or USK4 on 
Upper Sugarloaf Key), to depressions and ponds 10 – 50 feet in diameter. Their prime 
characteristic is the relative stability of their water’s salinity concentration which tends to 
remain below 6 ppt even during the dry season peak. The difference in salinity stability 
over time is illustrated in Figure 3. It is important to note, however, that many of the 
holes and ponds do dry out for some periods during the year, or contain extremely small 
amounts of water. Such water sources are thus also highly dependant on rainfall, which 
fills them directly as well as acts to raise the underlying fresh water lens boundary. Figure 
4 shows an example from the NNK2 site on No Name Key. 
 

 

 
 
 

 
 
 
 
 
Figure 3. Example of salinity variation over 
time at a water site connected to the 
underground fresh water lens (BPK4) and a 
site dependant solely on rain input (BPK2). 
 



 
 

 
 

Figure 4. Solution pond NNK2 on No Name Key on 3/31/2020 after extensive period of no rain 
(left), and on 4/27/2020 after @ 3” of rain fell the previous day. Salinities were 5.09 and 1.83 
ppt, respectively. 
 

D) Man-made and “enhanced” basins. The largest of these include site BPK4, an old quarry 
– “The Blue Hole” - connected to the underlying freshwater lens, and BPK8, a private 
pond dug out in the 1970s and also connected to the lens. These represent the most 
reliable, year-round “natural” sources for wildlife drinking water. Other year-round 
reliable sources are several solution ponds on Big Pine Key that are connected to the 
fresh water lens and were further enhanced in the mid-2000s by USFWS (sediment was 
removed and they were slightly deepened in some cases). They include BPK10, BPK11 
and BPK12. One other type of drinking water source in this category is portions of 
mosquito ditches dug in the 1950s that exist throughout many of the islands. Although 
fully dependant on rain water for input, some of the deeper ones make such sites slightly 
more reliable than the A category above. 

 
 
3.2 Fresh Water Availability – 2-year Trends 
 
This project was initiated in April 2019 and through its first 2 years thus spanned 2 summer/fall 
rain seasons. Figure 5 shows monthly rainfall totals through the 2-year period at representative 
gauges on 4 islands and the Long Beach peninsula south of Big Pine Key. The data reveal that 
very different conditions existed during the 2 wet seasons, with 2019 being a major drought year. 
As could be expected, the lack of rainfall was very evident in the salinity measurements. Due to 
prolonged evaporation and very little precipitation through early 2019, as well as during the first 
few months of the “wet” season, many water sources of type A, B and mosquito ditch sites were 
dry by early summer. Sites that continued to hold some water exhibited very high salinities  
 



 
 
Figure 5. Monthly rainfall at representative locations on 4 islands and Long Beach Peninsula. 
 
 

 
 
Figure 6. 2-year salinity profiles at Big Pine Key sites BPK2 (mosquito ditch) and BPK6A (type 
B pond). 



 
until August, well past the start of the usual wet season. This is illustrated in Figure 6 which 
shows the 2-year salinity timeline at two locations on Big Pine Key. BPK6A is a medium-sized 
pond of the B type. BPK2 is a mosquito ditch site approximately 2.3 miles (3.7 km) to the north. 
The data also indicate that although the two sites appear to have slightly different salt loads (the 
pond is @ 25% higher) they exhibit very similar relative response to rain events that area 
experienced. 
 
Figure 6 also shows that compared to the winter/spring of 2019 when the two sampling sites and 
most others like them throughout the study region experienced high salinity conditions until 
August, the 2020 high salinity period was much shorter, being dramatically cut in May 2020 by 
multiple early-season rain events. The BPK2 and BPK6A sites then maintained water salinity 
around the 2 ppt range, which we have found to be typical for most type A, B and D water 
sources during months with recurring rains. Some of the C water sources (natural solution holes) 
have been measured on occasion as low as <1 ppt during May and September and October, 2020. 
(Florida Keys tap water is 0.2 ppt.) 
 
One interesting finding that emerged out of our 2-year salinity sampling series is that certain 
sites continued to correct their salinity profiles from the effects of Hurricane Irma – up to 3 years 
after the storm. For example, the Blue Hole site (BPK4 – the largest fresh water source in the 
lower Keys) had salinity of 5.57 ppt on 4/4/2019 when this project started. As can be seen in 
Figure 3, its salinity continued a slow but steady decline through the next year, and into the fall 
of 2020. On 10/18/2020 Blue Hole’s salinity reached 2.26 ppt, and has stabilized in the 2.3 – 2.8 
ppt range ever since. Other examples include long-term improvements (i.e. salinity reductions) in 
several large ponds on the Long Beach peninsula, which are discussed in the next section. 
 
3.3 Regional Considerations 
The multiple rain gauge data made available to this project by Keys Mosquito Control have 
provided extremely valuable insight into regional rainfall differences that have effects on wildlife 
drinking water availability. As was expected, there are some significant regional differences. 
Between April 2019 through February 2021 the wettest island was No Name Key with 116.7”, 
followed closely by mid-Big Pine Key (Blue Hole location) at 107.7”. A mere 5 miles (8 km) 
south of the Blue Hole, however, the Long Beach peninsula received 84.5” – 22% less. Middle 
Torch Key was in a similar situation at 82.8” over the same period. Further to the west, Upper 
Sugarloaf Key did better at 98.9”.  Perhaps even more important from a water availability 
persistence standpoint is that the Long Beach and Middle Torch regions tend to receive the least 
amount of rain during the dry season months. They thus have the least chance to recharge water 
holes of the A, B and mosquito ditch types, as well as provide any input for Middle Torch’s fresh 
water lens during the dry months. (We are confident a fresh water lens exists on Middle Torch 
since we found a solution hole site (MTK1A) that maintains steady salinity in the 2 – 3.6 ppt 
range and never dries out, contrary to other nearby sites). 
 
The regional differences in rainfall should be considered in light of what type of drinking water 
sources are available to wildlife on each island. The most adverse conditions existed during the 
drought-stricken 2019 (and in many respects continue to exist) on the Long Beach peninsula and 
Big Munson Island. Both Long Beach and Big Munson have a number of relatively large B type 



ponds. Both areas were literally submerged in saltwater during Hurricane Irma, and since then 
have had a high salt content that was progressively increased through additional salt contained in 
runoff from surrounding soils being deposited in the ponds through subsequent rain events. This 
caused them to be near-saltwater concentration during the 2018 rain season and rapidly become 
hypersaline into early 2019 before this study officially began. On 4/5/2019 (first measurement of 
this study) the Long Beach pond salinities ranged from 82.5 ppt to 95+ ppt (the upper limit of 
our instruments). A mosquito ditch sampling site had the lowest reading at 22.9 ppt. Equally 
unpalatable conditions existed on Big Munson Island on 4/21/2019 with pond salinities ranging 
29.5 – 46.6 ppt. Big Munson Island may have an underground fresh water lens to which a small 
(15” diameter) solution hole is attached. On 4/21/2019 its water showed 4.32 ppt, and on a 
follow-up visit on 9/25/2019 it was 6.28 ppt. With the abnormally small rain amounts during the 
2019 rain season, our field monitoring showed both areas to have no natural drinking water 
source for wildlife until May 2020 (i.e. more than a year after the monitoring began). Even 
during the 2020 rain season, however, those sources lacked persistence. Long Beach monitoring 
showed the ponds to quickly revert to double digit salinities during August when the area 
received relatively little rainfall. Up to the present, both Long Beach and Big Munson remain 
without consistent sources of potable water for wildlife. Our regular monitoring on Long Beach 
appears to reveal an encouraging trend, however: as already mentioned, the pond salinities in 
April 2019 were in the 83 – 95+ ppt range. The range in April 2020 was 35 – 48 ppt, and in April 
2021 reached 13 – 30 ppt at approximately the same water levels, suggesting the salt load in the 
ponds has been decreasing over the project’s 2 years. 
 
As is mentioned above, Middle Torch Key has also received considerably less rainfall than the 
other monitored keys. Middle Torch water sources include several type B ponds, mosquito ditch 
complexes, and at least one solution hole. Although our monitoring has shown wildlife drinking 
water available from multiple sources through much of the last 2 years, there were significantly 
long gaps when, with the notable exception of the solution hole, the other monitored sources 
were either dry or had salinities in the double digits. These intervals include May-July 2019, 
April 2020, and March-April 2021. A similar situation was found on Ramrod Key where the 
water unavailability gaps were longer and no solution hole sources are known to exist. 
 
Water sources on Upper Sugarloaf Key include multiple solution holes as well as areas that can 
be classified as salt water marsh. Our observations indicate that Sugarloaf tends to maintain 
relatively persistent water sources. In the northern part of the island, a fresh water lens exists 
very close to the surface, as one of our trail cams recorded a daily rise and fall of @ 6 ppt water 
in a depression, corresponding to the tidal cycle. The least drinking water availability occurred in 
January- March, 2020 when no rainfall was recorded in January and March and the fresh water 
marsh and several other sources dried up. 
 
No Name Key contains water sources of types A, B and C. The A and B type ponds are subject 
to drying out during the dry season and, in the case of the larger ones, increased salt load left 
over from Hurricane Irma, although considerably less severe than on Long Beach. Our sampling 
indicates that several large solution ponds have provided drinkable water throughout the 2-year 
period, although as shown in Figure 4, the amount can be extremely marginal during the driest 
months.  Our observations also indicate that approximately 3” of rainfall either as a single event 



or multiple events within a short time span fills many A, B, and C water sources on No Name 
from dry or practically dry to overflowing, as they uptake runoff from the surrounding areas. 
 
Big Pine Key is interspersed with all types of natural and man-made/enhanced fresh water 
sources, with many providing drinkable water for wildlife year-round. Our data clearly reflect 
the drought of 2019, especially May – July 2019 when, from our 17 sampling sites, only the 
largest ponds connected to the underlying freshwater lens and the USFWS-enhanced solution 
ponds contained water suitable for wildlife. April 2020 also had limited fresh water availability. 
 
 
3.4 Observed Impacts on Key Deer 
 
In order to accurately evaluate potential impacts of the observed fresh water availability 
conditions on the Key deer population and its spatial distribution, it is first imperative to dispel 
the commonly repeated notion that they have somehow adapted to survive long-term on water 
with salinity as high as 15 ppt – i.e. nearly half seawater. This belief originated in 1974 when W. 
D. Klimstra (the single Key deer researcher at the time) noted in a FWS non-peer-reviewed 
report (Klimstra et al. 1974) that he observed Key deer drinking from a water source with 12 ppt 
salinity, and his MS student observed deer tracks around water sources with 14 ppt (Folk 2001). 
In reality, of course, a one-time observation of an animal (or human) drinking high salinity water 
under high stress (drought) conditions does not document or prove that the animal can actually 
survive on such a water source, and the observation of tracks near a high salinity water source 
does not even indicate the animal actually drank from it. Nevertheless, R. Lopez referenced the 
Folk and Klimstra reports in his PhD thesis (Lopez 2001) and a few subsequent journal 
publications (having increased the concentration to 15 ppt), and this claim has been perpetuated 
in multiple other reports and publications since, usually citing Lopez’s 2001 thesis as the 
reference. During post-Hurricane Irma in 2017, the USFWS Key Deer Refuge management used 
the hypothetical 15 ppt salinity value as a guide when to discontinue providing wildlife with 
supplemental fresh water and to discourage Keys residents from doing so. In reality, there is no 
physiological or other evidence the Key deer can tolerate long-term drinking water salinities 
higher than 5-7 ppt like other terrestrial mammals. Indeed, the only known mammals with 
abilities to survive on higher salinity concentrations are marine mammals – manatees and seals – 
both of whom have distinctly longer Loops of Henle in their kidneys to better concentrate and 
excrete salt compounds.  As part of this project, SOKD installed trail cameras on multiple 
occasions at water sources in the “marginal” (9-15 ppt) salinity range, as well as water sources 
with lower salinities. The videos captured the same deer drinking from 2.9 ppt and 6.1 ppt water 
sources on multiple days, but none actually drinking (although they waded through) sources 
higher than that. SOKD is in the planning stages to organize and fund an academic study of the 
physiology of Key deer to hopefully establish a definitive answer to the Key deer’s drinking 
water salinity tolerance. 
 
With the above in mind, our field monitoring results indicate the Key deer continue to be most 
impacted in the Long Beach and Big Munson Island areas by excessive salinity due to Hurricane 
Irma. Prior to Irma, the “Cactus Hammock” at the base of the Long Beach peninsula extending 
northward to Big Pine Key harbored a relatively dense wildlife population, including Key deer. 
Additional deer extended to the western tip of the peninsula where no natural fresh water sources 



existed but multiple human-related sources could be found. According to US Boy Scout 
estimates Big Munson Island had a 10-15 Key deer population prior to Irma, with drinking water 
sources on the island itself as well as a fresh water decorative pond on the neighboring Little 
Palm Island Resort. As was already noted, the peninsula and the Islands were completely 
overwashed by salt water during Hurricane Irma and all sources of fresh water were lost.  This 
caused a near complete depletion of mammal wildlife in those areas, including an initial storm-
related mortality loss of 60+% of Key deer on Long Beach, as estimated by SOKD member 
residents living there. During the past 2 years of this study all Key deer living on the peninsula 
rely either solely or most of the year on drinking water from anthropogenic sources, and the 
Cactus Hammock area continues to be nearly void of deer. SOKD surveys on Big Munson Island 
indicate that 2 – 4 deer may permanently or semi-permanently live there in early 2021, and are 
known to swim to the newly reopened Little Palm Island resort which has re-established its fresh 
water pond. 
 
There is a definite, albeit likely small Key deer population on Ramrod Key which, according to 
our sampling, faces frequent episodes of lack of fresh water. We are aware of at least one 
artificial fresh water pond on the island. Based on this project’s surveys, Key deer on Ramrod are 
also mostly dependent on human-linked water sources for survival. 
 
No Name Key, that likely hosts the second largest Key deer population after Big Pine Key, has, 
according to our monitoring, multiple sources of year-round natural drinking water. Its Key deer 
(especially fawns) and smaller wildlife such as racoons face a rather unique problem there, 
however: several of the most persistent fresh water ponds tend to be occupied by alligators. 
Although most are too small to present a danger to the deer, occasionally there are specimens 
that can prey on deer fawns and even small adults. The tracks visible in the middle of the dried-
up pond in Figure 4 are from a 5-6 foot alligator. The decrease in water surface area in such 
ponds during the dry season makes the deer more susceptible to an attack. Deer predation from 
alligators in the Keys has been documented previously. Alligators are also permanently present 
at the Blue Hole site on Big Pine Key, and have been recorded on Little Pine Key. 
 
As was already noted, some of the most reliable sources of drinking water for wildlife on Big 
Pine Key are ponds that were “enhanced” by the USFWS during the mid-2000s. Year-round 
availability of drinking water in different areas of the islands reduces the deer’s need to travel 
greater distances during the dry season and hence decreases the potential for collisions with 
vehicles, which are a danger to both deer and humans. This study has so far identified several 
additional sites ideal for enhancement in areas that presently do not have a year-round reliable 
drinking water source.  They can be easily reached by heavy equipment needed to remove 
sediment and slightly deepen them to provide a reliable water source. Enhancing these sites 
would positively impact wildlife on Refuge lands and would significantly lessen the potential 
(and controversial) need to provide supplemental water sources during drought years such as 
2019. One such site is on the Long Beach peninsula (LB7), which would reopen a significant 
portion of Key deer habitat presently lost to Key deer through Hurricane Irma’s effects. SOKD 
would like to discuss a potential project to enhance these water sources with the USFWS. 
Funding could be provided by SOKD. 
 
 



 
 
 
4. PLANS FOR PROJECT CONTINUATION 
 
SOKD would like to continue this monitoring project as per existing plan. We are also planning 
to collaborate with scientists from Florida International University who have on-going 
monitoring studies related to the variability of the lower Keys underground fresh water lenses. 
The collaboration will result in better understanding (and potential modeling) of the availability 
of wildlife drinking water in solution holes and ponds connected to the underground reservoirs. 
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