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1.  Introduction

Common Loons Gavia immer are environmental icons in much of their aquatic breeding habitat in the northern United States and Canada, but they dive into obscurity during seasonal migration and winter.  A large portion of the population winters off U.S. coasts: Atlantic, Gulf, and Pacific.  Their marine habits, drab nonbreeding “basic” plumage, and limited vocalizations combine with winter coastal weather to promote seasonal anonymity.  Yet loons are out there by the thousands, bona fide marine organisms whose evolutionary origins are probably marine.  They respond to estuarine and marine processes, selecting certain habitats, and showing strong seasonal patterns of distribution and abundance in those habitats.

This report focuses on Common Loon mortality, ecology, and life history in the coastal region from southern New Jersey to Florida (Figure 1).  This includes extensive wintering habitat along the Gulf coast of Florida, from which very limited data is available (Alexander 1985, 1991; Jodice 1993; Forrester et al. 1997).  I suggest that nearly annual toxic algal blooms in portions of the Gulf region, combined with recent intense hurricane activity and the potential for climate change (such as warming Gulf waters), make wintering Common Loons a potential bioindicator species in that region (section 8, #5).  I also propose the Atlantic coast of northeastern Florida as the site for a classic long-term mortality study (sections 3 & 4).  Some information on the north Atlantic coast from New Jersey to Nova Scotia, and the interior from New York and Vermont to Ontario and Quebec, is also included in discussions throughout this report.  I deliberately front-loaded the discussion of mortality:  It is emphasized in sections 1 to 5 because it integrates everything else, and it may or may not be an indicator of long-term ecological problems.  The contributing elements of ecology and life history are discussed throughout the report, and emphasized in sections 5 to 11.  Each section of the report stands as a short scientific essay, cross-referenced where appropriate.

During nonbreeding periods on salt water, loons occasionally but unpredictably suffer dieoffs.  When loons die in those seasons, mostly winter and spring, they often become more prominent:  Moribund birds and large carcasses lying on coastal beaches (Simons 1985, Spitzer 1995).  These events generate concern, but are often not well understood.  Just as certain environmentally sensitive species lend themselves to detailed study of their natality (such as the Osprey, which I have studied throughout my 40 years as a coastal biologist), loons offer a parallel opportunity as a model species for study of marine mortality.  They are “die-hards”, and swim in to beaches and harbors when many other disabled marine birds would vanish in the sea.  Any discovery of “loons on the beach” is the beginning of an interdisciplinary diagnostic process.  I discussed this in 1995 in the National Research Board of Canada’s “Environmental Reviews”.  At that time, I had recently experienced the process first-hand:  In March though June of 1993, I studied a major loon dieoff on the North Carolina coast with colleagues Tom Augspurger (USFWS), Erica Miller (Tristate Bird Rescue), and Chris Franson (USGS).  We published our contaminants analysis of these loons (Augspurger et al. 1998), emphasizing concentrations of mercury and selenium in liver.  We could find no evidence that Hg and Se played a role in the dieoff.  Instead, statistically significant correlation of Hg and Se (r=0.74, p=.0015) suggested a co-excretory mechanism for these elements.  This is thought to be typical of marine mammals and birds (Koeman et al. 1975), many of which carry liver concentrations of Hg and Se far in excess of what we found in these loons (e.g. Koeman et al. 1975, Lock et al. 1992).  My working assumption is that loons in the marine environment have evolved physiological capacity to regulate and excrete mercury presented in the food-chain (including much that passes out in molted feathers), so I will not discuss it further in this report.  Readers are referred to the 1995 and 1998 publications cited above, and to Forrester et al.’s 1997 review of the large 1983 Florida Gulf coast dieoff.  Currently, Mitro et al. 2008 report no relationship between mercury exposure and survival in a sample of 776 banded loons in New England and Wisconsin.  


I began my research on nonbreeding loon biology with a study of the autumn migration stopover in Chesapeake Bay, 1988-90.  Since then I have observed this event intermittently, up to the present time.  This work is summarized in section 6.  

I followed with field study of Common Loon winter and spring biology in the Carolinas, during the years 1991-96.  This report integrates and updates material from my detailed, unpublished 1997 research report on that work, emphasizing ecology and life history (sections 5, 7 to 10; Figures 2 & 3).  Background on Cape Lookout National Seashore is available on a fine new National Park Service DVD, “Ribbon of Sand” (Grabowska and Streep 2007).  This 26-minute visitor center film includes a selection of quotes from Rachel Carson’s writing, with narration by Meryl Streep.

This report is intended to be accessible to people who are not specialized ecologists.  It proposes several directions for ongoing research, and offers many opportunities for citizen science (section 11).  It is based on:

(1)  My own field studies of Common Loons at diverse coastal and interior sites since 1988 (including Vermont, New Hampshire, and Maine; Quebec, New Brunswick, Nova Scotia , and the Gulf of St. Lawrence, Canada; sites in Florida; Walker Lake, Nevada; the Pacific coast of California; and Baja California, Mexico.)  Publicly held habitats that I have found to be important for loon protection and research, such as National Wildlife Refuges (NWRs) and National Seashores, are named throughout this text.

(2)  Study of loon mortality events related to emaciation, oiling, or undiagnosed causes.

(3)  Consultation with many colleagues/loon biologists (named throughout this text, and in section 12).

(4)  Reference to literature, both published and unpublished (section 13).

In 2006, founder David Evers of Maine’s Biodiversity Research Institute completed a “Status Assessment and Conservation Plan for the Common Loon in North America” for USFWS.  This very extensive technical review (85+ pp.) is focused strongly on breeding biology and related issues.  My field work, from 1988 to the present, and the discussions that follow, are intended to be complementary to Evers’ work and that of the Biodiversity group.

2.  Common Loon as a Paradigm Species for Study of Marine Mortality

Avian natality studies have been around for a long time.  Methodologies to measure reproductive rate have been developed for many species.  Such studies became especially prominent at the end of the DDT era, in the 1960’s and 1970’s, as scientists sought to quantify the impact of organochlorine residues on sensitive species and to monitor their recovery after the Federal ban on DDT in 1972 (e.g. Anderson et al. 1975 on brown pelicans; Spitzer et al. 1978 on ospreys; Grier 1982 on bald eagles).

A general understanding of each species’ population ecology followed, including long time-series of annual reproductive rate from particular well-known study sites, simultaneous with observation of ecological factors that shaped annual and regional variations.  Eventually, it became possible to estimate the “replacement rate” for model species (Spitzer 1980), and assess their regional and national status.  Estimates of annual mortality, subdivided into rough categories of “adult” and “juvenile”, were also essential to calculate replacement rate.  These were derived from lifetime recoveries of annual cohorts of birds banded as fledglings, and sometimes from annual return rates of birds color-banded as adult breeders.  Both methods have biases and potential sources of error, depending on the species studied, but quantitative estimates of mortality are proving reasonably useful.

However, actual study of avian mortality has lacked that reliable “paradigm” quality of breeding studies at a familiar sample of nest sites. Such studies have become commonplace, standard, and comfortable since the DDT era.  By contrast, mortality of most species is scattered, unpredictable, and inaccessible, and must be dealt with in a fairly abstract manner.  THE COMMON LOON IS A NOTABLE EXCEPTION.  Wildlife and conservation organizations in many northeastern regions send moribund and freshly dead loons to veterinary schools and government labs.  Loon necropsy has become a subject of “conservation medicine”, with several regular practitioners and plenty of collegial discussion.  As a result, study of loon mortality in breeding areas (and some coastal sites) has recently been reported in great detail in the scientific literature:  Pokras and Chafel 1992 in New England; Daoust et al. 1998 in maritime Canada; Stone and Okoniewski 2001 in New York; Sidor et al. 2003 in New England.

I PROPOSE:  THE COMMON LOON ALSO OFFERS A PARADIGM FOR STUDY OF MARINE BIRD MORTALITY.  We build on the understanding that adult loon annual mortality is low, probably about 10%/year (e.g. Nilsson 1977, Evers 2006, Mitro et al. 2008).  Loons are rugged, long-lived birds.  It seems possible the rare individual lives to age 30.  Certainly some breeders survive into their 20’s, and a significant portion of the breeding population is in their teens.  This longevity means that some loons will suffer aging problems, and annual survivorship will drop in the oldest age groups.  This is termed “age-specific mortality”.

The time during the annual cycle when Common Loon mortality is especially evident and accessible is the period from late autumn through spring, on the marine beaches and protected inlets of all three U.S. coasts (Simons 1985). Most of this mortality is “emaciation mortality”, in which loons exhaust their body resources, wasting away until they die.  Much of this mortality occurs during and after the annual wingmolt, in which loons are flightless for an uncertain period of time, perhaps averaging as much as a month or more (section 9). It is a measure of loons’ toughness as successful marine organisms that they go flightless on the sea in the winter season (Woolfenden 1967).  This, of course, is an evolved specialization.  This winter wingmolt timing is found in four of the five defined loon species which comprise the family Gaviidae.  The exception is the (more distantly related) Red-throated Loon, which goes flightless after breeding, sometime in the period September to November (McIntyre 1988; Jehl 1990; Barr et al. 2000).  Even that timing is later than most of the Anseriform geese and swans, which generally go flightless soon after breeding, using the abundant food and cover of summer.

Some body molt occurs coincident with wingmolt, possibly increasing the challenges of thermoregulation and buoyancy, and certainly increasing energetic demands to grow new feathers.  This culminates in full breeding (alternate) plumage, followed by spring migration (section 10).

I argue that this winter flightless period on the sea is the Common Loon’s “Achilles’ Heel”--the time in its annual cycle when it is most vulnerable to stressors.  A chance combination of stressors, such as food failure combined with big storms, may trigger mortality (case histories are detailed in Spitzer 1995 and Forrester et al. 1997).  Older birds that make it through a “normal” winter may succumb under these circumstances, or simply at this time of year.

For comparison, consider the Red-throated Loon.  It winters along the Atlantic Coast from Newfoundland to Georgia, with several known areas of concentration (Root 1988).  In my mid-Atlantic coastal study region, MD to SC, the locally common red-throats do not undergo a flightless wingmolt period.  As a result, I argue, winter mortality and emaciation mortality are very uncommonly observed in my study region, although red-throats in good health do die from drowning in coastal gill nets set in March and April (Forsell 1999).  Otherwise, the periods of Common Loon mid-Atlantic Coast mortality and dieoffs see almost no Red-throated Loon mortality (Simons 1985, and many personal observations).  Indeed, red-throats are staging and beginning migration back toward the far north in March, about the time Common Loon beach mortality is typically starting to become evident.  Red-throats are NOT going flightless during the winter season, instead they have done it enroute in autumn at little-known, unstudied sites.  In eastern North America, at least some red-throat wingmolt occurs in the Gulf of St. Lawrence.  (Biologists at Nova Scotia’s Dalhousie U. refer to it as a “swimming migration”.  The Gulf is a huge northern body of water, bordered by five Canadian provinces.)  So the eastern “molt migration” is a STOPOVER enroute to wintering habitat.  So poorly is this understood that Barr et al., in the introduction to their 2000 Birds of North America life history account, incorrectly state that wingmolt occurs “after migration”. 

Juvenile Common Loons remain flighted throughout the winter.  The number of years and wingmolt cycles it takes to reach the adult pattern is under careful investigation (see, for instance, the discussion of Darwin Long’s work in “Loon Pools”, section 5, #1; and Evers 2006).  Juveniles’ mobility should help them seek food and avoid storms, but they are inexperienced and some die locally, often weeks or even months after a stressful period (Spitzer 1995, 1997).  Others simply fail to make a successful adaptation to winter habitat.  For example, there appears to be an annual loon dieoff in the Florida Keys (Figure 1), and some of these emaciated birds are submitted to rehabbers.  I have heard these are mostly juveniles, which could be naïve birds flying south of appropriate habitat.  Forced by weakness to feed on crabs and shrimp, such birds may acquire a load of intestinal parasites—a scenario proposed by Forrester et al. 1997.  However, Daoust et al. 1998 suggest an alternate hypothesis:  That poor body condition in loons may depress their immune system, allowing parasite larvae typically present in prey to mature.  Other naïve loons in Florida waters may fall prey to sharks (see discussion in section 3, “Extending Our Knowledge”).

In summary:  Much Common Loon mortality is concentrated in one late winter-spring period, at marine sites such as “scavenger” beaches and harbors of refuge (see “Loon Pools”, section 5).  It is associated with complete wingmolt and a prolonged flightless period (details in section 9).  It may be highly variable among years because of variable, unpredictable combinations of stressors.  The moribund loons come to land, and become available for study and necropsy.

3.  Common Loon Marine Mortality:  Extending Our Knowledge

The biology of nonbreeding Common Loons in marine environments is difficult to study, sufficiently so that I sometimes title my talk about it “The Dark Side of the Loon”.  Ongoing research can focus on avenues of access to the important ecological and toxicological questions.

Central, of course, is exploration of mortality.  One looks for “laboratory” situations, field sites where one has immediate and reasonably predictable access to moribund and dead loons.  The sample under study must also be relevant:  It must have a long-term statistical likelihood of yielding information about the ecological processes that brought these loons into sheltered inlets and/or onto the beach.

I PROPOSE:  That the northeast Atlantic Ocean coast of Florida, 150 miles between the mouth of the St. John’s River and Port Canaveral, just south of Cape Canaveral and Merritt Is. NWR, satisfies these requirements and has great potential for a long-term study, designed to extend over 5 to 10 years with periodic evaluation.  I call this coastline “The Florida Bottleneck”, and I have described some of its particular ecology and Common Loon habitat use below, and some in section 4 (see Figure 4).

(1) Much of this coastline has a dense human population, active throughout the year

at the beaches and inlets.  Thus loons and other seabirds get reported, or even 

brought in.

(2) The number of inlets which can serve as respite for weak and exhausted loons is

extremely limited, and those inlets are not large, further concentrating the sample.

Of special interest is heavily modified Port Canaveral, an inlet immediately south of Cape Canaveral, at the lower end of our defined “Bottleneck”.  We know from several years’ observation by the outstanding naturalist Danny Bales that loons enter this inlet; many feed in manners that suggest they are weak and probably emaciated; and  some are eventually found dead, especially at winter’s end.  The port is a cul de sac, with locks regulating water flow to the Banana River at its inner western end, where several large tour ships are harbored.  According to Danny, the loons select the large outermost basin to the east, where submarines are docked, a high security area.  This is what I call a “Loon Pool”.  (Other similar enclosed bodies of water include Cape Lookout Bight, NC; Tom’s Cove, VA; and Morro Bay, CA.  Each Loon Pool has its own particular ecology.  All are discussed in section 5: “Loon Pools”—see also Table 1, and Figures 3 & 5)

(3)  There are several local seabird rescue and rehab operations, some with strong steady funding, both public and private, that operate in this region.  Some loose coordination and communication already exists among these groups.

Now, what are we trying to learn in this basic research?  As an example, I will use the loons that come in physically damaged.  Christine Wise and Rochelle Leblanc at the Mary Keller Seabird Sanctuary, Ponce Inlet, Volusia County, speak of “sliced loons”, birds that come in with a long slash through feathers and into the tissue of the lower back.  I have also heard stories of loons with missing or damaged feet, but I have not seen photos of such.  (I have seen a drowned loon with excellent body weight in Baja California, Mexico, whose feet were obviously damaged from struggling in a fishing net, and I have photos of that.)

Let us explore “sliced loons” as an attempted predation hypothesis:  The posterior location of damage is suggestive of escape from a shark attack.  Anterior damage would probably have resulted in the loon’s death and consumption.  We do have one smoking gun:  Rose Miconi of the Tufts Univ. Vet School Lab, necropsying a torn-up loon in FL some years ago (from which coast I do not know), found a shark’s tooth.  In early April of 2006 I visited with George Burgess at the Florida Museum of Natural History in Gainesville.  Dr. Burgess directs the state program for shark research, and curates the International Shark Attack File.  Our discussion covered several points:

(1)  Sharks migrate south seasonally in response to water temperature, and winter along the FL “Bottleneck” coast.  Immediately south of Cape Canaveral is a known shark concentration point, generated by fish that are concentrated as they round the point.  (A similar winter phenomenon occurs at Cape Lookout, NC.  Fish predators such as dolphins, loons, gannets, and even the occasional juvenile humpback whale concentrate in those colder waters—see Table 2).  Thus loons and some shark species would at times be part of the same FL marine food-chain, selecting the same habitat.  Dr. Burgess also mentioned reports of sharks nibbling at the legs of sea turtles in Port Canaveral.  This apparently occurs when the turtles are lying semi-dormant along the steep sides of the channel.

(2)  A quick grab and bite, then backing off to observe the potential prey’s response, is one classic shark behavior that could result in a sliced loon.

(3)  Taste might make loons less-than-preferred food items.  Apparently that affords oily mustelid sea otters Enhydra lutris some protection on the Pacific coast.  There are at least 20 published papers on shark stomach contents, and at least one commercial shark fisherman remains active in the Bottleneck region.  

(4)  Loons’ 24-hour presence on the surface would make them vulnerable—especially during crepuscular periods, and on moonlit nights.  Their excrement might be a good olfactory cue.  And of course juveniles would be utterly naïve with regard to sharks.  I have seen film of naïve juvenile albatrosses fledging to the sea in the Hawaiian Islands NWR, where they undergo an annual carnage from aggregated sharks.

(5)  Large predatory fish such as barracudas, king mackerel (50 pounds), and wahoo (100 pounds) also winter or are resident along the FL coast, and might well be capable of damaging loons.  Barracudas attack at speed with open mouth, and make a very clean razor-sharp bite that might shear off a leg (which extends at the loon’s posterior).  But shark bites into extensive tissue leave characteristic individual crescent-shaped tooth impression marks.  Feathers must be removed to study this.  Rotational x-ray study could reveal tooth fragments, and the Mary Keller Sanctuary expects to eventually have such a unit in operation.

In conclusion:  This is of necessity an indirect, laboratory approach to events usually occurring beyond our capacity for direct observation in the field.  I have used the investigation of shark predation as an example because it appears plausible, feasible, and fascinating.  However, when one initiates a program of basic, fact-finding research into marine mortality--A careful, large-scale beach and inlet reporting network followed by necropsy--one never knows what facts and processes will fall within the net of scientific observation.

Rescue/rehab operations in northeastern Florida:

Christine Wise and Rochelle Leblanc, Mary Keller Seabird Sanctuary, 100 Lighthouse Drive, Ponce Inlet, FL 32127, tel 386-304-5530, cwise@co.volusia.fl.us, 

rleblanc@co.volusia.fl.us

Phyllis Lamborn, New Smyrna Bird Rescue Center, 

tel 386-295-7471, plamborn@cfl.rr.com
Karen Lynch, St. Augustine, tel 904-471-0336, llynch@se.rr.com
Sue Small, Florida Wildlife Hospital (Brevard Co.), 4560 N. Highway 1, Melbourne, FL 32395, tel 321-254-8843, director@floridawildlifehospital.org
Lora Smith (and colleagues), Flagler Co., tel 386-437-2307, lorabird@msn.com
Amanda Wilkerson, Emerald Coast Wildlife Refuge, 46 Mountain Drive, Destin, FL 32451, tel 850-650-1880, ecwr@ecwildliferefuge.com  (This is my only listing outside NE Florida.  It is on the Gulf coast, Okaloosa Co., at the western end of the Florida panhandle)

Scientists versed in necropsy, diagnosis, and/or marine ecological processes:

George Burgess, Florida Museum of Natural History, Gainesville, FL 32611,

Tel 352-392-2360, gburgess@flmnh.ufl.edu
Mark Pokras, DVM, and Julie Ellis, SEANET, Tufts. U. Vet. School, MA, 

tel 508-887-4933, mark.pokras@ tufts.edu, julie.ellis@tufts.edu

Marilyn Spalding, DVM, U. Fl. Vet School, Gainesville,

Spaldingm@mail.vetmed.ufl.edu

Leanne Flewelling, FWC, F&W Research Inst., St. Petersburg,  

Leanne.Flewelling@MyFWC.com

Gabriel Vargo, College of Marine Science, Univ. of S. Fl., St. Petersburg,  vargo@seas.marine.usf.edu

Field biologists already active onsite, with all manner of interesting observations:

Danny Bales, 2649 Tropic St., Titusville, FL 32796, tel 321-794-2423,

bales_d@bellsouth.net

4.  The “Florida Bottleneck” (St. John’s River to Port Canaveral)

The annual north Florida Atlantic Ocean coast mortality of Common Loons is strongly shaped by their habitat selection and by the limited habitat of that coast.  The region is a classic, annually recurring “mortality trap” for inexperienced juveniles.  Contributing to this is the lack of significant habitat behind the barrier beaches for storm shelter or feeding.  Inexperienced southbound migrants must rely on feeding habitat and food abundance on the ocean side (Figure 4).

No one I have spoken with invokes harmful algal blooms or other toxicants as causes of this local specific type of mortality.  Over the years, some birds have been sent to Dr. Marilyn Spalding at the UFL Gainesville veterinary research program.  There are several bird rescue/rehab programs along the Florida ocean coast, and I am impressed with their understanding.  A principal informant is Christine Wise, who has worked for USFWS at Merritt Is. NWR.  Now as a rehabber she runs the “Mary Keller Seabird Sanctuary”.  It is on a modest-sized barrier beach island just south of Daytona Beach, and about 100 mi. south of Jacksonville.  Ponce de Leon Inlet is the first inlet after many miles of beach, thus it is a haven for exhausted seabirds.  On the south side of the inlet, there is a second bird rescue program somewhere around New Smyrna Beach.  After that, several miles to the south one encounters Canaveral National Seashore, Mosquito Lagoon, and the Merritt Island complex.  These salt water lagoons behind the barrier beach provide some habitat for loons and much more for pelicans.

The rehabbers along the “Bottleneck” get a wave of loon and gannet mortality during late autumn migration, then during the winter they get some brown pelicans.  Most of these birds are emaciated juveniles of all three species, which they interpret as natural mortality.  The Florida State Fish and Game Research Program reports an annual winter dieoff of Brown Pelicans at Mayport, at the mouth of the St. John’s River near Jacksonville.  I have heard this is “natural” mortality, predominantly juvenile and subadult birds.

Here are some further details as to why the north Florida coast would pose habitat limitations to migrants, especially to naïve young birds:

To the north, most big rivers flow into Chesapeake Bay (MD/VA) and Pamlico Sound (NC), leaving much of the ocean coast waters with higher, stable visibility for feeding.  Of course much of the NE Florida ocean coast is also a high clarity system.  But the Bay/Sound systems, MA (Buzzards Bay) to GA, also offer the habitat selection option of much more shelter from harsh weather along their various lee shores. South of Pawley’s Is., SC, the big rivers flow directly into the sea, and coastal ocean turbidity rises abruptly. It is also highly variable and unpredictable, dependent on rainfall and resulting runoff.  This pattern continues all the way down through Georgia.  As a result, the USFWS winter aerial counts of loons along that section of ocean coast (11 years) are very low, sharply in contrast to farther north.  I assume this is brown sediment turbidity.  Eventually out at sea over a broad continental shelf it probably generates green phytoplankton productivity, which is what fish and gannets seek (habitat selection).  Gannets must go out into this zone to feed, for them visibility is essential (Figure 6).  Some loons select this habitat too (Lee 1987, Haney 1990)—part of their remarkable breadth of habitat use.  But these offshore areas may pose a climate challenge, especially for naïve young loons and gannets.  (The breeding population of gannets in eastern Canada has grown substantially over the last 30 years, generating more young gannets.)  Loons, by contrast, can enter the extensive SC/GA sounds and creeks (Figure 4), finding food and shelter despite turbidity: This is a favorable habitat selection for them, they can feed down to at least 0.5 m visibility on a Secchi disk (Figure 6).

When southbound individuals of both species reach the Florida Bottleneck, the inshore ocean water again clarifies.  (I don’t have detailed data on this—maybe from NOAA?  And the St. John’s River probably generates a local turbidity plume.)  Loons and gannets in this zone must live and feed on the coastal ocean.

Brown pelicans can feed in areas of high turbidity, and unlike the other two species they are great scavengers at docks, fishing boats, etc.  So the St. Johns River and the Intracoastal Waterway may offer them some feeding options.  But they too lose a lot of inshore habitat diversity when they get to the north Florida Bottleneck.  The bays and sounds are very much reduced from SC and GA.  Also, BPs have made a huge post-DDT comeback and are producing abundant young, whose mortality is inevitable.  (For example:  In 2004 there were roughly 1,500 BP nests in Chesapeake Bay, which fledged 2,500 young, about 1.67 young/active nest.  Replacement rate for BP is probably in the range 0.6 to 0.7 young/active nest.)  They need to move south to avoid frostbite and other cold effects such as movement of inshore fish out of shallow waters, but along the way they get shoehorned into that limited habitat of the Florida Bottleneck.  Chris Wise has worked at Merritt Is. NWR, south of her current post.  That far south the constraints are relaxed, one finds considerable BP habitat behind the barrier beaches, and she always thought that BP mortality subsided accordingly.

5.  Loon Pools  

The nonbreeding biology of the Common Loon is not easily accessible for study.  Much of it takes place on marine coastal waters, where formidable obstacles may include wind, cold, and short winter days.  Access may require a large, safe, expensive boat, and may only yield useful information during short, unpredictable windows of calm weather.  Also, the sheer size of the coastal sea makes individual loons anonymous.

Only confined, reasonably calm salt waters of modest size (a few square kilometers) that are immediately adjacent to the sea and connected to it by a substantial channel--which I define as “Loon Pools”--offer the possibility of contact with known individuals during a wintering season and over subsequent years.  Even then, the investment of research time is very substantial.  Currently, the only way to identify a bird for any length of time is to attach color bands to its tarsi.  Subsequent contact requires a fairly tame bird and a patient observer, often in a kayak.

Each Loon Pool has its own intensely particular ecology (Table 1, Figures 3 and 5):

(1)  To date, the most intensively studied Loon Pool is Morro Bay, California, on the

Pacific coast roughly between Los Angeles and San Francisco (near San Luis Obispo), where Darwin Long has worked continuously on loons since the 1990s.  It harbors on average about 50 wintering birds in an area about 6 km2 at low tide, a density of roughly 8/km2, although many of these birds are often clustered in part of the habitat.  Morro Bay is, in Darwin’s words, a “loon laboratory”.  Here he has trapped and color-banded adult and juvenile loons (at night), and is assembling compelling data sets:

A)  The general timing and duration of wingmolt at latitude 35 degrees N.

B) Age-specific timing of wingmolt.

C)  Development of adult body plumage as his study birds mature.  

     When working at night, Darwin generally cannot see color-bands.  Attached to the tarsi, they are often submerged.  He takes a close-up flash photograph with a digital camera, the light penetrates the water, and he can then immediately identify an individual on the camera viewing screen.

     Morro Bay also demonstrates the artifactual nature of Loon Pools—loon life-history data gathered from them must be interpreted carefully, with a constant eye to immediate ecological context.  Such pools can serve as a sanctuary and collector for weakened loons coming off a violent, unrelenting ocean.  They often gain access by swimming in.  Thus some of the loons present may not be viable, and will present a distorted picture of normal life-history functions such wing and body molt sequence.  For example, Morro Bay had a major loon dieoff in the winter of 1997-98, in association with very rainy and windy El Nino weather on the California coast.  The “Pacific” Ocean was violent, with swells up to 30’ high at certain times and locations.  Runoff from torrential rain caused a big increase in Morro Bay’s turbidity, reducing visibility of prey, and may also have reduced fish abundance.  In December and January, Darwin and his colleagues (including I who was visiting at that time) found the carcasses of about 75 emaciated loons along the shores of the bay.  About 25 loons remained alive during my visit in January 1998.

     Since that unusual catastrophic winter, Darwin has initiated his program of trapping and marking.  He has observed a high percentage of color-banded adults returning to this limited habitat for multiple winters, arguing that some wintering loons can be successful “pool strategists”.  Simultaneous with this, he observes weak birds (mostly juveniles) that do not survive the winter.

(2)  Port Canaveral, Florida.  This inlet, heavily modified by man, is immediately

south of Cape Canaveral (latitude 28 degrees 25 minutes N), at the lower end of what I define as the “Florida Bottleneck” along the ocean coast of northeastern Florida (see discussion in sections 3 & 4).  The port is a cul de sac, with locks regulating salt water flow to the Banana River at its inner western end, where several large tour ships are harbored.  Mr. Danny Bales observes loons in the large outermost basin to the east on the north side of the inlet, the closest habitat to the sea (several hundred m away), and about 1 km2 in area.  Trident nuclear submarines are based here, it is a high security area with very restricted access.  The port’s proximity to Cape Canaveral parallels that of Cape Lookout Bight, NC, to Cape Lookout.  Both capes concentrate fish migrating along the Atlantic Ocean coast, and thus attract wintering loons and other fish predators, but there the similarity ends.  Protected within the famous Cape Lookout National Seashore (Grabowska and Streep 2007), C. L. Bight contains roughly five times as much habitat, and its waters flow through to nearby NC sounds, encouraging passage of abundant fish.  Port Canaveral, by contrast, has at its inner end large-scale commercial activity and locks which prevent much or most fish passage to the Banana River and the surrounding habitats of Merritt Island National Wildlife Refuge.

     A few years’ observations of loons feeding in the Trident submarine basin by Mr. Bales suggest that many are weak and probably emaciated.  He observes them taking small prey of low mobility in the shallows such as crabs and shrimp.  Many are eventually found dead, especially at winter’s end.  This is potentially a very important fresh carcass collection area for general study of mortality and investigation of the shark predation hypothesis.

(3)  Cape Lookout Bight, North Carolina (latitude 34 degrees 38 minutes N).  This is the best and healthiest Loon Pool studied to date, an optimal and very unusual winter habitat (Spitzer 1997).  During my studies 1991-96 it was the most stable of all known habitats, with a high number of loons present from late December until sometime in March (Table 2):  125-250 loons in about 5-6 km2 (there is tidal variation in size), thus 20-50/km2.  I have not observed such a high and stable density of Common Loons at any other site in my studies, nor is such density mentioned in the sparse literature on loon winter biology.  However, human fish-netting activity such as haul-seining can cause most loons to exit the Bight to the sea, which is very nearby (thus convenient for swimming by flightless loons).  The tidal channel to the ocean is about 1 km wide and much of it is 6+ m deep, but the Bight remains enclosed by Cape Lookout and the adjoining Shackleford Banks preserve.  To the North, a tidal channel carries a large volume of water (and migrating fish) to Core Sound and ultimately to Pamlico Sound (Figure 3).  

     In summary, the Bight provides a unique combination of favorable characteristics:

(A)  Many fish migrating in response to seasonal changes pass around Cape Lookout.  Smaller numbers pass through the Bight (connecting to Core Sound and Pamlico Sound), and its topography/bathymetry make it a natural fish trap.  Thus both the Cape waters and the Bight usually provide a steady, at times abundant food supply, and loon flock-feeding is common in both areas.

(B)  The Bight provides optimal storm protection:  Lee shores are available on all wind directions.

(C)  It is far enough from the outflow of major rivers to avoid blinding turbidity events.  My lowest Secchi disk readings have been about 1 m visibility, and that remains at the lower edge of the favorable range for loon flock-feeding (Figure 6).

(D)  It provides easy access to the adjoining ocean west of Cape Lookout when fish pile up coming around the Cape (see Table 2, survey of 2/22/96).  Even if a loon is flightless, perhaps especially if a loon is flightless, it is an easy swimming distance out and back in for eventual cover.

     Even the Bight, a prime example of healthy habitat, can attract numbers of moribund loons if regional conditions weaken the birds.  During the die-off of March-June 1993, many such loons, often still in wingmolt, sought refuge in the Bight and other nearby sheltered waters such as Beaufort Harbor.  Such birds would usually beach themselves before dying, and the Bight became the prime source of freshly dead loons for our mortality studies, because they were undamaged by surf action and ghost crabs (data are reported and discussed in Spitzer 1995, 1997; and Augspurger et al. 1998). 

Note added in proof, August 2008:  

Cape Lookout Bight:  Drastically diminished loon numbers, March 18-31, 2008.

A follow-up census of the Bight was a major objective of my March 2008 visit.  Complete surveys at the beginning and end dates of my visit found ~25 and 20+ loons in the Bight.  Partial counts on March 23 and 27 were consistent with these totals.  This contrasts starkly with my second-half-of-March totals in 1994 and 1995, which ranged from 75 to 200 loons (Table 2).  As a result of December-to-March loon abundance at that time, I proclaimed Cape Lookout Bight to be “The World-Class Loon Pool” (Spitzer, this report).

     I am unable to assess what has caused this decline.  I did not find any local researcher studying the Bight’s fish productivity, despite the fact that it is a centerpiece of sorts within the Cape Lookout National Seashore.  Since the mid-1990’s, there might have been some modest shoaling of deep-water habitat suitable for loon feeding, but not nearly enough to explain the large decline in loon numbers.  A strong decline in forage fish is the likely hypothesis, so it could be related to menhaden.  Flock-feeding was formerly common in the Bight—and I observed none on this visit.  There were anecdotal comments from workers at the Beaufort NMFS Lab:  “We used to have good sport fishing in the Bight, but it is no longer productive.”

    Section 6 of this report discusses this kind of variation in local loon abundance, using autumn stopover sites in Chesapeake Bay and reduced menhaden prey as the prime example.  See also Section 9, #4:  A hypothesized “regime shift” in menhaden abundance in NC. 

(4)  Other Loon Pools have served other research functions.  Prof. Judy McIntyre found the first one, Tom’s Cove at Chincoteague NWR, Virginia (latitude 37 degrees 53 minutes N) and did a winter behavior study there (McIntyre 1978).  Tom’s Cove contains at least 2 km2 of appropriate habitat on low tide, and my winter counts (one check in each of three Februarys, 1993-95) recorded about 10-50 loons, or a maximum density of roughly 5-25/km2.  Thus I found the abundance and distribution of loons to be close to what McIntyre described:  About 25-50 birds, feeding individually, and showing some tendency to raft up with the onset of darkness.  Her density calculation of “4 to 8 hectares/bird” converts to 12.5 to 25 birds/km2 of appropriate habitat, which is roughly half the density I observed at Cape Lookout Bight.  Also, so far no one has observed flock-feeding at Tom’s Cove, while it is regular at Cape Lookout Bight.  Here are my comparisons: 

(A) Both sites are exceptionally sheltered from harsh weather, with lee shores available on all wind directions.

(B) Both sites are far enough from the outflow of major rivers to avoid blinding turbidity events.

(C) Both sites provide easy access to the adjoining ocean for opportunistic feeding, 

even for flightless loons.

(D) Tom’s Cove lacks the Bight’s capacity to attract and hold very abundant prey.  The Cove’s relatively shallow pool (3 m maximum depth) is more of a cul de sac, while the Bight is a huge protected pool along a major fish passage (with much of its area 3 to 10+ m deep).  Together, the Bight and Cape Lookout are a fish trap of epic proportions (see section 9, Figure 3, and Table 2).  The Cove (Figure 5) and adjacent Assateague Channel are good loon habitat, but not world-class.

(E) Tom’s Cove is much farther north, is not protected by the Gulf Stream’s influence, and thus has colder and more variable water temperature.  For example, my visit of 2/2/94 came after an exceptionally cold January which saw the Cove frozen over for perhaps two weeks, an exceptional event.  I made a low count of 25 birds, and it seems reasonable that some loons would have flown or swum to warmer, more stable waters.  This cold and variable temperature regime may also reduce food availability.

     There is an opportunity here for additional local winter study.  In early winter, fish abundance attracts loons to nearby Chincoteague Bay.  On a Christmas Bird Count in late December, looking north from the elevated Chincoteague Causeway, I have observed up to 30 loons scattered over several km2 of Chincoteague Bay (not flock-feeding).  I do not know whether this habitat is stable enough to feed any number of loons later in the winter.  Winter temperature drops may well push fish and loons out to sea.  There can be great differences between loon distribution and abundance recorded on Christmas Bird Counts (Root 1988) and later in the winter when temperature drops have reshaped prey distribution and adult loons are entering their flightless period—the true “molt migration” (see discussion in section 9).        

     On the nights of March 2-5, 1998, a study team from the Biodiversity Research Institute (BRI) in Maine and USFWS trapped 12 loons, apparently adult and mostly flightless, at Tom’s Cove as part of a mercury biomonitoring project.  One very important finding was the rather low mean weight of the sample (X=3506 g,  Peter Reaman unpub. report, 1998), possible support for the argument that flightless loons can be food-stressed and vulnerable to fluctuations in local food supply and weather.  Factors such as the source population and individuals’ ages could also determine their weight.  Quoting Reaman:  “Based on (low) weight, I believe these birds represent interior populations from the Midwest U.S. or Canada.  Mean body weight of the 21 birds (including 9 more trapped at the mouth of Chesapeake Bay, with a total sample mean weight of 3564 g) falls well below the mean adult weight of any breeding population BRI has sampled.  However, if younger non-breeding adults (or subadults) were sampled they may be lighter.  In addition, it is unclear what constitutes a normal weight variation between wintering and breeding seasons.”

    Tom’s Cove provided a surprise footnote to the great mid-Atlantic loon dieoff of March-June 1993.  On the 20th of July, while visiting the adjoining ocean beach, I made a casual birdwatching visit to the Cove.  There I found 6 subadult loons in brown plumage close to shore, with marks on the sand indicating they had been beached at the water’s edge.  This was an incomplete survey, I did not have time to walk more than half of the Cove’s shore.  We already knew the whole dieoff had extended as far north as the Eastern Shore of Virginia, thanks to notes from biologist Barry Truitt of the TNC Virginia Coast Reserve.  Paul Kerlinger was then director of CMBO, and noted brown loons all summer in South Jersey inlets.  So the research value of Tom’s Cove as a “Loon Pool” can extend all summer in some years, such as times of dieoff.

In summary:  These four Loon Pools demonstrate a range of latitude, geography and biology.  Hopefully others will be found and studied in the fullness of time.

A relatively small number of Common Loons winter on freshwater lakes in the southeastern U.S. (McIntyre and Barr 1997).  Most of these sites are impoundments and reservoirs created during the last two centuries.  When such sites are large enough to support numbers of wintering loons, 15-25 birds, they could be very useful in life-history study.  They would avoid the bias of weak, moribund loons that seek shelter by swimming in from the sea.  Since all access to such sites requires flight, all arriving loons should initially be healthy.  A detailed study of the wing and body molt progression of known individuals, including juveniles (trapped at night and color-banded in the manner of Darwin Long in CA) over several years would be a very useful contribution to our understanding.

6.  Flock-Feeding:  A Biology of Patchiness

Breeding pairs of loons are territorial and aggressive.  However, the pair bonds and family groups are not maintained beyond the nesting lake and the breeding season.  Outside of the breeding season, loons often become social, aggregating over schooling fish, cueing additional loons to join in when the feeding is good, engaging in joint underwater pursuit of fish, feeding in relays while some individuals digest and rest, and staying with a school of fish for an extended period, perhaps sometimes for days.

This social response to fish concentrations is “a biology of patchiness in space and time”.  Loon aggregations surveyed locally in one year, or for a series of years, may be absent or much reduced in subsequent years.  Anyone who has done lengthy studies of seabirds outside the breeding season is familiar with this phenomenon.

My best example of this comes from my autumn stopover study, research done mostly by small boat on Chesapeake Bay. There loons flock-feed on “peanut” (age <1 year) menhaden Brevoortia tyrannus schools in green plankton-rich water with Secchi turbidity of 1 to 3.5 m (Figure 6).  They dive below the fish and push them toward the surface.  Otherwise, the prey can escape by descending into the poor visibility of the lower water column.  Gulls of up to 5 species come in to take the panicked peanuts near the surface.  Gulls in the air can be an important long-distance visual cue for the biologist censusing clusters of flock-feeding loons.  The young menhaden are sometimes briefly glimpsed in the gulls’ bills, but never in the loons’—they ingest these small streamlined fish underwater and continue to feed.  When possible, loons will flock-feed on schooling fish in relatively shallow water, 2-3 m in depth, which hinders their escape.  They will also try to trap them in creek mouths.  The loons are highly clustered for these dramatic “menhaden banquets”, and when feeding actively they utter “yip” calls between bouts of diving.  I can hear the yips from a distance of 4 to 5 km under calm conditions—a great aural search cue for the biologist.  I assume loons can hear them from a considerably greater distance, and that they cue conspecifics to aggregate for successful feeding.  This very often occurs by swimming rather than flying.  Loons may thus stay with a school of menhaden for an extended period, perhaps for days on end if calm weather permits.  We do not know if they can track school movement at night.  At times, it may be sufficient to select habitat where menhaden have aggregated over several years, and loon longevity would facilitate that process.  The many old, experienced birds in the population should be adept at finding food patches.  When viewed from the air, the water supporting large numbers of flock-feeding loons generally appears bright green.  This is caused by plankton concentrations, which will attract surface-feeding menhaden and other fish.  

Boat survey was done only on calm or light-wind conditions, which required patience,  readiness to work on short notice, and freedom from other obligations.  If the wind had blown hard the previous day, flocks were often still concentrated near yesterday’s lee shore.  This was a clear element of habitat selection.  Flock size in 1988-90 often ranged from 75 to 500 birds.  Surveying Chesapeake Bay during those years, I found autumn stopover concentrations of 6 loons/km2 in limited appropriate habitat selected by the loons:  Not the main stem of the Bay, but the lower Choptank River (MD) and Eastern Bay (MD) including the lower Miles River (Figure 7).  Portions of the lower Patuxent (MD), Potomac (MD/VA), and Rappahannock (VA) Rivers were surveyed less frequently, but supported similar local high density during the autumn stopover event, roughly October 25 to November 20.  Total counts during a 3-hour survey of 100-150 km2 were typically 600-900 loons, most of them clustered in a few flocks.  According to MD and VA state DNR survey data, Chesapeake peanut menhaden had been seasonally abundant for the years since 1974 (Figure 8), which would allow long-lived loons to predict this annual “banquet”.  However, this production was much reduced in 1992-93, and has yet to really recover.

In the autumn of 1998, Jim Price pointed out to me that most of the stopover loons were absent from the lower Choptank River, so I resumed my surveys.   I no longer observed the remarkable density and behavior of my 1988-90 study.  Survey totals and density were about 15% of the previous period (~1 loon/km2), and maximum flock size was about 75, chiefly for night-roosting at favorable locations sheltered from harsh weather.  McIntyre (1978, 1988) and other workers have also noted this tendency of loons to raft up at night, even if they are not flock-feeding—see section 5, #4.  To date (2007), the abundance and clustered density I observed in 1988-90 have not recurred.  

These observations support the idea of a 1992-93 “regime shift” in juvenile menhaden production in Chesapeake Bay (see Uphoff 2003, Figure 1, and this report, Figure 8).  Striped bass Morone saxatilis abundance was known to be reduced during my first study period (Russell 2005), and the loons may very well have gained release from bass competition.  The extent to which the highly mechanized purse-seine reduction fishery might currently depress menhaden is a subject of vigorous debate, and is just as political as bass management (Russell 2005, Franklin 2007).  Each faction points their finger at the other (Spitzer personal observation).  The current combination of bass abundance plus the reduction fishery is thought to be depressing the Chesapeake menhaden population (Uphoff 2003).  Ideally, the menhaden resource should pass nutrients up the food chain while supporting a diversity of predators, including man.  This discussion is ongoing, in the arena of the Federal Atlantic States Marine Fisheries Commission meetings.  It remains to be seen whether management for sustained balance of the ecosystem, a stated goal of the ASMFC, can survive pressure from special interest groups.

Out on the Bay with the loons, I hope to keep taking a brief look at local loon stopover in the lower Choptank River every autumn for the foreseeable future.  An annual Chesapeake Bay survey flight of selected habitats on a calm day in early-to-mid-November would also be appropriate.

7.  “Fish-Divers”:  A Comparative Approach

An “ecological guild” is defined as “a group of species which exploit similar resources in a similar fashion” (Allaby 2005).  Thus I consider the “Fish-Divers” occurring commonly in my study area to be a “Foraging Guild”—they pursue fish by diving below the water’s surface.  These taxonomically diverse species include the Common Loon, Red-throated Loon, Horned Grebe, Northern Gannet, Double-crested Cormorant, Brown Pelican, and Red-breasted Merganser.  They represent six avian families and four orders.  A comparative approach to their ecology is proving useful in field studies, and in this report:

(1)  Comparing winter mortality of flightless adult Common Loons and flighted Red-throated Loons (section 2).

(2)  Comparing the habitat selection challenges faced by Common Loons, Gannets, and Brown Pelicans as they migrate along the southeastern coast and then enter the “Florida Bottleneck” (section 4).

(3)  Considering the Double-crested  Cormorant as a model species for exposure to brevetoxins in Florida Gulf coast waters (section 8, #5).  The cormorants are common to abundant, are present in all seasons, select habitat where they are exposed to the Karenia bloom, and can be monitored for neurological effects at their social roosting sites near shore.

It is also useful to compare the flock-feeding behavior of Common Loons with that of Red-throated Loons.  They are very different.  I observed red-throats mostly on Pamlico Sound, NC, where they can be abundant and are generally common from December through February.  The cross-sound ferries to Ocracoke Is. provide an elevated platform for observation (see details in Fussell 1994, pp. 197-201).  The ferry routes from Cedar Is. and Swanquarter are both productive.  The Cedar Is. route is useful mainly on the first half of the trip, far from Ocracoke.  This is deeper, completely open water, prior to the channel through the shoals that extends in to Ocracoke.  The first run of the day is often excellent, before fish-divers are pushed out of the channel by ship traffic (which is generally light at that time of year).  One can then enjoy a meal on Ocracoke and retrace one’s path (the passenger fare on those state-supported ferries used to be $1.00).  A late afternoon run sometimes catches red-throat flock-feeding in motion.

The most striking difference is that red-throats act like BIRDS:  They are fairly shy, and fly away at my boat’s (or the ferry’s) approach, frustrating my efforts to interpret their underwater activity.  This is a complete contrast to Common Loons, which usually avoid an observer by diving.  The ease with which red-throats fly appears to shape their entire feeding strategy.  Because they do not go flightless locally, red-throats can and do select unstable winter feeding habitats, variable with regard to food, turbidity, and wind.  They will use wind energy at exposed sites, and seem to prefer such sites.  Whether this reduces competition with potentially aggressive Common Loons is an interesting question, but perhaps difficult to answer.  Red-throats are smaller and much lighter than Common Loons, with a much lighter wing-loading and short takeoff distance.  Thus their flock-feeding is very aerial and mobile, enabling them to locate and work schools of fish.  The inter-bird distance of feeding red-throats remains high, 20 to 100 feet, so there is no evidence of the concerted, sustained underwater pursuit of prey observed in Common Loons.  What I have seen is coordinated aerial pursuit.  I view red-throats as an “exploded flock”.  The cueing appears to be visual and aerial.  A flying red-throat lifts its wing very high (this is shown in the classic Robbins et al. 1966 bird guide).  The wing lining is white, and when the sun is low—morning, evening, and much of a winter day—the flapping wing blinks in repetition like a beacon.  Watching with binoculars from the elevated ferry deck, I can thus recognize flying red-throats from a mile or two away, and I suspect conspecifics can do at least that well.  The flock is a living, mobile, three-dimensional net:  A flying flock of ~100-300 birds forms a long low flat extended “loaf” shape.  A typical flock might be a mile in length, 1/5 to 1/4 mile wide, with individual flight altitudes from 10 to ~200 feet.  The flock members are scattered throughout this loaf shape, not clustered.  Thus one could say it forms an extended aerial casting net.  Individuals may still be taking off at the back while lead birds are landing at a new feeding site.  I have found no description of this remarkable behavior in the scientific literature, and I urge fellow naturalists to look for, describe, and enjoy it on Pamlico Sound.  It should also be looked for at sites such as Delaware Bay, the Gulf of St. Lawrence, and the big coastal sounds of Alaska.

Paul Kerlinger’s (1998) brief description of abundant red-throats feeding at the mouth of Delaware Bay (NJ-DE) during their March spring migration stopover emphasizes their repeated aerial searches.  Kerlinger says the red-throats can be viewed from the Cape May, NJ-to-Lewes, DE, ferry across the mouth of Delaware Bay.  This is a stopover event well worthy of study.  One autumn in the late 1980’s I did a single aerial survey of Delaware Bay, during the first week of November, when peak Common Loon numbers were flock-feeding on nearby middle Chesapeake Bay (Figure 7, and section 6).  It was almost devoid of Common Loons—I saw 6 scattered single birds during an hour-plus of survey.  I saw no red-throats, but it was a bit early and we did not cover the mouth of the Bay (I was piggy-backing on a waterfowl survey, it was a courtesy ride).  I think this was simple habitat selection:  Delaware Bay was such a high-turbidity system as to be very poor feeding for Common Loons, while the nearby Chesapeake was optimal for their social diving pursuit of prey.  The red-throats’ aerial search-and-dive strategy may give them unique access to turbid Delaware Bay.  The chance to avoid competition with the larger, potentially aggressive Common Loon may also play a role, although these species do occasionally feed together.

Double-crested Cormorants are also relatively indifferent to turbidity, feeding down to 0.5 m Secchi visibility or less (Figure 6, and Appendix 1), diving both individually and in dense flocks.  DCCO are potentially tactile feeders, making lateral bill-swings at low visibility (Mark Pokras, observation of captive birds).  The upper mandible curves downward, hooking prey and perhaps preventing injury to nearby cormorants during social pursuit of fish.  Common Loons, by contrast, have a knifelike bill with which they are known to inflict injury during breeding ground territoriality (Mark Pokras, necropsy observations).  DCCO are colonial nesters and also form big winter roosts (Table 3), so they are intensely social throughout their annual cycle, which facilitates information exchange about clustered food (schooling fish).  Flock-feeding on mobile prey in open water, they can “leapfrog” up a bay or along a coast, with individuals alternating aerial and underwater pursuit as the flock rolls along.  They can also specialize in inshore turbid waters, which fits energetically with their need after some hours of immersion to roost onshore and “hang themselves out to dry”.  In habitat such as the exposed coast between Nags Head, NC, and Cape Lookout (Figure 2), DCCO often outnumber Common Loons by 100-to-1 or more (Table 3).  Tolerance of turbidity, combined with their inshore mobility from huge roosts, means they may be able to directly outcompete loons for food in these habitats.  But these habitats are also perilous easterly storm-traps for flightless loons, just as ships of low mobility found exposed Cape Hatteras to be “the graveyard of the Atlantic” under similar conditions.  Common Loons are obligate water-dwellers, and select waters of greater clarity, out to the edge of the continental shelf (section 9, #3).  At times there is plenty of overlap in habitat selection, and then DCCO and loons flock-feed close together.  I do not know whether flocking loons ever aggressively dominate and displace DCCO.

Gannets take aerial search and pursuit mobility to the highest level among fish-divers (e.g. Nelson 1978, and Appendix 2), but their underwater dive and pursuit capacity is much more limited.  Their spectacular, vertical, high speed dive from elevation is performed only when Secchi visibility is 2 m or greater (Figure 6).  Over more turbid water they will sometimes do a soft, low elevation “flutter dive”. This protects them from collisions with surfacing gannets and Common Loons.  Flock-feeding loons’ far superior underwater pursuit capacity pushes prey toward the surface, making them available to gannets, which then plunge into the melee.  I have commonly seen this in November-December in lower Chesapeake Bay, and during the winter off Cape Lookout (Table 2).  I believe this joint pursuit of prey from above and below benefits both species.  When the loons cease feeding, the gannets simply fly on to hunt over another flock.  During boat or aerial survey, diving gannets are at times a useful locator of loon flocks.

8.  Autumn Migration:  “Protracted”                

Loons, the avian family Gaviidae, have evolved as circumboreal breeders on freshwater lakes and ponds.  Thus they must fit their nonbreeding life history into food-rich habitats that do not freeze, usually available on salt water and often far south of their breeding range.  The resulting migration patterns, diverse among the species and also among geographic populations of the Common Loon, have been shaped by countless millennia of powerful natural selection.

Common Loons in eastern North America show strong patterns of habitat selection and (potentially) aggregation on extended migrations to and from their wintering areas.  See also “Flock-Feeding”, section 6.

David Evers (2006) describes the autumn migration in eastern North America  to southeastern US coastal waters as “protracted”.  I could not agree more.  As always, timing of migration is powerfully shaped by biological factors:  Loon physiology,  food concentrations, feeding efficiency, and other more speculative factors such as vulnerability to shark predation and toxic algal blooms.  Loons are using southern waters mainly in the cold part of the year, and tracking seasonal change—water temperature and ecology--on both autumn and spring migrations.       

Lake Champlain in VT-NY, a very large lake where there are no breeding loons and thus no aggressive defense, holds over 50 loons by late July (Hanson 2002).  By August, small flocks are observed on freshwater lakes thoughout the breeding range.  Initially these may be composed mostly of failed breeders and nonbreeders.  However, local breeding birds (mostly males?) do take leave of the family group to join these feeding flocks.  In August-October 1994, I observed flock-feeding by 10-20+ loons at Lake Umbagog NWR, NH-ME.  This activity was concentrated over a large shallow plateau about 2-3 m deep in the northern portion of the lake—presumably habitat in which loons could successfully pursue and trap prey.  Most of this activity was underwater and rapid, with loons making coordinated dives, eventually surfacing hundreds of feet away, breathing, and resuming the chase.  The phrase “Off to the races!” came to mind.  Umbagog was known to hold introduced alewives Alosa pseudoharengus, a schooling, surface-active, planktivorous Clupeid (of the herring family) which potentially provides an abundant freshwater prey base for flock-feeding.  Smallmouth Bass Micropterus dolomieu have since invaded this lake, and the number of breeding loon pairs has declined by more than 50%! (David Evers pers. comm.)—as a result of competition for food? (my question).  It would be very interesting to know whether flock-feeding still occurs, as these landlocked alewives could certainly be vulnerable to decimation by bass predation (the alewife is by nature an anadromous fish).  This could be seen as a parallel to the Chesapeake Bay peanut menhaden decline (section 6), demonstrating the power of clustered food to shape loon distribution, abundance, and behavior.

Other Maine lakes that receive annual spring spawning runs of alewife from the sea also support loon flock-feeding.  Perhaps most notable is Damariscotta Lake, with its famous alewife-ladder at Damariscotta Mills—a great work of art!  Damariscotta is a large dammed lake whose water level fluctuates due to hydropower production.  Thus there are few breeding pairs of loons, and the lake’s fish resources (including the big alewife run that generates abundant schooling juvenile fish by mid-to-late summer) support many non-breeding loons and flock-feeding activity.  This would be a most appropriate site for a study.

By October, breeders have joined larger flocks of loons that aggregate on food-rich lakes throughout breeding regions, such as 54,000 ha Mille Lacs Lake in MN (McIntyre and Barr 1983).

Further aggregation follows on the Great Lakes, demonstrated by counts such as those of the Long Point Bird Observatory on Lake Ontario in November 1987:  580 birds in Long Point Bay; 450 near Jordan; 395 at Point Pelee; and 321 at Whitby (“The Loon Call” 1988).  Landlocked alewives are at times abundant in the Great Lakes, and may help shape these migratory loon stopovers.  Here is another potential field study—which now would have to take into account the possible role of competition from exploded cormorant populations.  

It is thought that loons migrating over the continental land mass follow lakes and rivers when possible (Kerlinger 1998).  Thus the flights of early morning southbound migrants observed at Cayuga and Seneca Lakes, NY (Evans et al. 1994, 1998) demonstrate a passage from Lake Ontario to Chesapeake Bay.  The high counts occur from the last week of October to late November, consistent with my observations on Chesapeake Bay. 

My 1988-90 studies in the mid-region of Chesapeake Bay (Eastern Bay, lower Choptank River, lower Potomac River) found loons to be abundant IN THOSE YEARS from the last week of October through about the 20th of November.  This stopover was supported by abundant schooling juvenile menhaden, which are also members of the herring family (see section 6).  Chesapeake Bay serves as a summer nursery for these fish, providing a rich plankton soup in countless bays and creeks.  By autumn, it can offer a potential banquet for stopover loons, but that depends entirely on menhaden survival factors. By mid-November, loon abundance is shifting down to the lower main stem of the Bay and to the adjacent ocean, tracking movement of prey base.  With a very high surface-to-volume ratio, Chesapeake Bay is well known for its large annual temperature variation.  It cools rapidly in November and December, and large numbers of fish leave the Bay, including the schools of juvenile “peanut” menhaden.  Nearby on the Atlantic coast in Cape May County, NJ, autumn counts of migrating Common Loons also peak in October and November (CMBO unpub. data).

The lateness of loons’ autumn arrival in large numbers in southern waters is striking.

During the autumn of 1993 I studied loons at Cape Lookout, NC.  I carried out periodic boat surveys from mid-October to mid-December.  Loons were not present in significant numbers until the 19th of November.  My counts then increased through mid-December (Table 2), but had yet to reach the stable high numbers observed in February.  John Fussell, a local Carteret County resident and authority on North Carolina birds, says that my 1993 counts are typical.  In his precise 1985 publication on local bird occurrence, he states that the Common Loon is “Common, late November to early May”.  Powers and Cherry (1983) reported Common Loon offshore migration east of Cape Cod in mid-November, confirming reports in earlier publications.  They speculate these birds are from the Canadian maritime provinces.  The timing fits well with loon arrival in the coastal Carolinas and possibly also in offshore continental shelf waters from there down to Florida, all of which are wintering habitats (Lee 1987, Haney 1990, John Fussell, Nathan Dias, and other observers).

The satellite telemetry studies of Kenow et al. 2002 show a similar late movement south.  Six loons from WI and MN made a long autumn stopover of several weeks on local northern lakes and the Great Lakes.  Kenow’s sample finally migrated south to the Carolinas and Florida between mid-November and early December, which is consistent with arrival dates there.

Many factors probably shape this protracted autumn migration:

(1)  Loon physiology is adapted to cooler water and air temperatures.  Loons need

both fat and muscle mass, and must avoid heat stress.  Fat provides insulation and buoyancy, while muscle is essential for diving, underwater pursuit of prey, and flying.  Like Paul Kerlinger (1998), I argue that loons’ low surface-to-volume ratio (a large body core), adaptive for staying warm when floating in cold water, poses overheating challenges during sustained flight in warm weather.  The loons have heavy wing loading, can proceed by flapping flight only, and have no option to perch on land for a rest.  Kerlinger (1998) frequently observed loons flying with their mouths open on September migration past Cape May, NJ.  I have commonly observed this same phenomenon on April spring migration past Harkers Is., NC.  I agree with him that this open-mouthed flight allows cooling by evaporation of water from the mucous membranes of their mouths and respiratory systems.  In his radar studies of loon migration over N.Y. State (1982), Kerlinger found loons migrating at an elevation of 3,000 to 5,000 feet above ground level, and suggested that one benefit of altitude was a cooler air temperature.  However, once loons reach the coast they can be opportunists, stopping to glut-feed (I prefer “banquet”) and gain weight for the winter flightless event.  They can proceed in shorter, low-level flights. Kerlinger (1998) states that “most coastal migration is below 200 feet and often it is below 15 feet”.

(2)  As coastal waters cool during autumn, many fish prey species respond by migrating to warmer, thermally more stable waters.  A prime example is the thermally unstable Chesapeake, in comparison with the continental shelf waters south of the Outer Banks (see section 9, #1).  Some species such as menhaden school up hugely, others to a lesser degree.  At times, loons can stay with such schools.  Also, there are  concentration points where loons intercept migrating fish (lower Chesapeake Bay; Cape Lookout, NC; and probably Cape Canaveral, FL).

(3)  The homeothermic predator gains advantage over poikilotherm fish prey by

staying in colder waters.  Fish slow down metabolically as water cools, but the loon does not.   This has been offered as a general theoretical explanation for the predominance of homeotherm fish-feeders (birds and marine mammals) in cold waters 

and poikilotherm fish-feeders (fish and sharks) in tropical waters.

(4)  Avoidance of predators such as sharks (see section 3).  This is an application  of the factors presented in points 2 and 3 above.  Mobility and timing reduce potential contact between loons and sharks.  In autumn, sharks have migrated south by the time loons arrive along much of the Atlantic coast.  During winter, homeotherm loons probably retain greater mobility than sharks in cooler Gulf and south Atlantic waters. 

(5)  Avoidance of other mortality factors such as algal blooms.  In recent years, toxic blooms of the dinoflagellate Karenia brevis on the Florida Gulf coast have received intensive study.  These blooms are now recorded as a nearly annual event along the southwest Gulf coast, and the common, fish-eating Double-crested Cormorant has become a model species for study of toxic effects on marine birds (morbidity and mortality—see Kreuder et al. 2002):  The algae contain brevetoxins, which are not released into the water until the cells die and break open.  Exposure to toxin may occur through inhalation of aerosols (as occurs in manatees and human beings) and/or through ingestion of fish.  There is often a time delay between bloom reports and effects on cormorants, which may be due to gradual bioaccumulation in prey (Flewelling et al. 2005).  Blooms may occur well offshore (which is still prime loon habitat—Jodice 1993), and be difficult to monitor.  Cormorants affected by this neurotoxin stagger around, appearing dizzy and unbalanced.  It is entirely possible that this model of toxic exposure could also apply to Common Loons, and we do not know if they would exhibit similar symptoms.  Their feet are so far back on the body that they cannot stand, thus they cannot stagger.  Reflexes and locomotor control impaired by a neurotoxin could certainly compromise their feeding ability when diving and pursuing fish, resulting in emaciation mortality (also discussed in Spitzer 1995).

In the autumn of 2005, the Florida Gulf experienced a prolonged, intense Karenia bloom which extended along the Panhandle.  The bloom is temperature-sensitive, associated with warm water, and may be more prevalent in a warming Gulf with increasing nutrient loads from human activity.  2005 saw a tremendous hurricane season, with flooding and turbulence that may have made nutrients more available than usual.  Karenia does not bloom at reduced salinity, so subsequent dry weather along the Florida coast allowed the dinoflagellate to be inshore, where it affected fish (including large kills) in the cormorants’ immediate food chain.  Through late November, I received scattered reports of dizzy or dead cormorants in the Panhandle.  I traveled to the northern Florida Gulf coast in January 2006, but by then the bloom and its effects had subsided.  The cooling water and rain typical of winter would make this the usual, predictable pattern, and it might protect loons from exposure.  I saw only a few Common Loons in the shoreline region I surveyed from Alligator Point to Apalachicola, between the large Ochlockonee and Apalachicola Rivers, potential generators of very substantial freshwater runoff.  Also, the prey base may have been depleted by the great local mortality of preceding months.

For their flightless period in January-February, some Gulf loons may move offshore to access predictable fish availability in stable habitats.  Thus the offshore Gulf islands Dog and St. George were an epicenter of the very large 1983 loon dieoff studied by Alexander (1985, 1991), because they were the closest land available to the stricken loons.  AS SUCH, THEY ARE APPROPRIATE LONG-TERM MONITORING SITES for loon mortality in the northern Gulf (Figure 1).  A potentially abundant offshore prey is the Gulf menhaden Brevoortia spp., which has recently been found to accumulate brevetoxins under some circumstances.  Menhaden were found to be a vector in the spring 2004 brevetoxin mortality of over 100 Bottlenose Dolphins Tursiops truncatus in waters off the Panhandle (Flewelling et al. 2005).  A variety of Gulf fish have now been found to accumulate brevetoxins while remaining healthy (Naar et al. 2007).  Ingestion of intact dinoflagellate cells has no effect on them.  This could result in food-chain exposure--and possibly subsequent emaciation mortality?--of loons.

Lawrence Alexander’s posthumous 1991 paper describing winter loon mortality patterns along the northeastern Gulf coast states that “migration is essentially complete by the second week of November”.  It is important to understand that Tom Webber of the Florida Museum of Natural History did his best to organize Alexander’s study materials for this publication.  With all due respect:  This assertion of early migration to the Gulf stands in contrast to other data such as Kenow et al.’s (2002), and should be considered unproven at this time.  It may be off by as much as a month or more.  It should be possible to quantify by field study.  This is fundamental data, because it will shape loons’ exposure to algal blooms.   Such blooms have presumably been occurring at some level for millennia, and thus could be a major factor in natural selection, delaying loons’ autumn arrival in Gulf waters.

9. Winter Flightlessness: A “Molt Migration”

All loon species have a flightless wingmolt period.  Only the Red-throated Loon does this soon after breeding (September-November), a “primitive” pattern found also in ducks, geese, and swans.  The other four defined loon species have evolved an adult winter wingmolt, and that flightless period defines their “wintering habitat”.  Movement to these habitats is a “molt migration” as defined by Salomonsen (1968) and described by Jehl (1990) in a variety of avian taxa.

In 1991-96, I studied wintering Common Loons in coastal NC-SC (Figure 2), based at the Beaufort, NC, NMFS Lab (details in Spitzer 1997).  Dependent partly on latitude, adult Common Loons undergo a simultaneous molt of all their flight feathers sometime from early to late winter (see topic #5 in this section).  The resulting winter flightless period is a very unusual life history pattern among waterfowl.  This loss of mobility can leave Common Loons vulnerable to local reduced food supply, and make them a species especially sensitive to changes in the coastal marine environment (Spitzer 1995, 1997).

(1)  Oceanography of the NC-SC study sites:  The Common Loon’s habitat selection during autumn coastal migration and its late November arrival in the waters west of Cape Lookout (Table 2) demonstrate that this coastal region—Onslow Bay and Long Bay (Figure 2)—has an oceanography very different from waters to the north.  Throughout the winter, it is protected from the incursion of cold northern water driven by north winds.  This can be seen in NOAA’s satellite photos, color imagery of surface seawater temperatures, published in research reports such as Epperly et al. 1995.  The Outer Banks run northeast 70 miles from Cape Lookout to Cape Hatteras.  This gently arcing outer sand coast is perched near the edge of the continental shelf.  It defines Raleigh Bay, which drops off relatively soon to deep ocean.  In Raleigh Bay, the northeast flow of the Gulf Stream (approx. 40 cm/sec!) comes close to land, and blocks the incursion of wind-driven water masses from the north.  This protects Onslow and Long Bay, which enjoy relatively stable winter water temperatures.  From Cape Lookout all the way south to Cape Canaveral, FL, the continental shelf broadens out, averaging about 60 mi. wide in NC, with the Gulf Stream meandering along its outer edge.  In winter, fish concentrate in this region, partly for spawning, and they are tracked by piscivorous birds and mammals.

(2)  Menhaden biology:  The Cape Lookout region was well known for its menhaden reduction fishery (Marine Fisheries Review, 1991).  Until 2005, the last commercial fleet outside Chesapeake Bay was harbored in Beaufort (my study base—and that is no coincidence!).  So important is the inshore zone of NC to juvenile wintering menhaden that every year the state declares a sanctuary zone closed to purse-seining within one mile of shore from January 15 to April 1.  Juvenile menhaden, known in the trade as “peanuts”, are roughly 3-4 inches long and feed on plankton in dense schools near the water’s surface.  The great 19th-century ichthyologist G. Brown Goode wrote of menhaden that “their mission is unmistakably to be eaten” (Goode 1880).  But not by human beings.  They are perfect prey for flock-feeding loons, gannets, and some of the other fish-diving birds, so the state-wide protected zone effectively becomes a feeding sanctuary for these birds.  Menhaden tagging studies have demonstrated that Chesapeake peanuts (<1 year old fish—and also older juveniles) migrate south to winter in the coastal and offshore Carolinas (Kroger and Guthrie 1973, Nicholson 1978).  Other potential local prey species include spot Leiostomus xanthurus, croaker Micropogonias undulatus, flounder Paralichthys spp., striped mullet Mugil cephalus, and pinfish Lagodon rhomboides (Checkley et al. 1988).

(3)  Habitat selection for the flightless period, as seen from the USFWS mid-winter sea duck survey, and my winter loon surveys from shore and boat:  The USFWS aerial survey was carried out in 11 of the 13 years 1990-2002. In 1990, I requested of chief biologist/pilot Jim Goldsberry, Patuxent WRC, that loons be included in the census, and he cheerfully agreed.  Each transect is 10 nautical miles long and 500m wide, thus contains 3.9 mi2 or 9.1 km2.  The survey covers a band from about 1 km to 1.5 km offshore, so it lies within the fish sanctuary zone. It is carried out in late January or early February, when most adult Common Loons in NC-SC are flightless (Erica Miller, unpub. wingmolt data from a sample of 100 loons from the Star Evviva oil spill of  January 16, 1999).  It is important to stress that local loon distribution at this time may be different from that of the Christmas Bird Counts a month before (Root 1988), when schooling fish are still making southbound seasonal migrations and flighted loons are flock-feeding and banqueting in preparation for the wingmolt event to come (Table 3), and may not have completed southbound movement.

     I scanned individual transect data from 1990-95 to look for large-scale patterns of habitat selection.  Five years were available in this period, and some strong, consistent patterns emerged:  7 stations around the very exposed Cape Hatteras area averaged 1.5l loons/transect; 7 stations in relatively sheltered, food-rich Onslow Bay averaged 25.0 loons/transect (2.75 loons/km2); 2 stations around Cape Fear, combining exposure and the turbid water of the Cape Fear River, averaged 1.50 loons/transect; and 7 stations in relatively sheltered, food-rich Long Bay averaged 18.2 loons/transect (2.00 loons/km2).  Shore-based observations confirm this data.  The results emphasize that flightless or soon-to-be-flightless loons avoid extreme storm exposure, avoid turbidity events where rivers enter the sea, and select habitats with stable food availability.  The surveys are not finding the large flocks of 100+ loons observed from airplane, boat, and land a month later, in late February and early March (Tables 2 & 4, and section 10).

     Only in the extremely favorable lee ocean “fish trap” habitat west of Cape Lookout are large flocks observed during the core of the flightless period, late January to late February (?).  (Some of these birds may be flighted juveniles and subadults.  However, these young birds are known to select more sheltered habitats such as sounds and creeks, from which they can fly if food becomes inadequate.)  Cape Lookout’s topography gives loons considerable protection from fierce easterly storms and from the strong north winds that are common in winter (Figure 3).  Only in the 90 degree quadrant from south to west are they completely exposed to the long fetch of wind blowing over many miles of sea.  Southwest winds normally do not blow for prolonged periods during the winter.  Throughout the winter, my success in locating the “Cape Lookout loons” by boat was quite variable (Table 2).  Some of this was caused by rough seas (which I generally avoided), but some of it apparently was caused by the very high mobility of loons, even during the flightless period.  During the years I have observed loons in Chesapeake Bay and North Carolina, I have always been impressed by their ability to coalesce or disperse, often without flying.  Thus:  A local radiotelemetry study at Cape Lookout National Seashore would increase our understanding of loon mobility during the flightless period, and might well allow measurement of duration of the flightless period.  The venerable lighthouse might be an appropriate platform for monitoring the signals.  Far better would be the new GPS satellite transmitters, which could yield abundant, detailed data without the labor, cost, and logistics of arduous field work.

I hypothesize that the topography of Onslow and Long Bays works in favor of flock-feeding by flighted loons, as evidenced by the large but unpredictable flocks of late winter (Tables 2 & 4), often surrounded by areas of low loon density.  I reason as follows:  Both bays form deep arcs, resulting in a lee-shore “pool” of calm water many miles long somewhere along the arc on any strong wind except those from southwest to southeast (the “southern quarter”), which are uncommon in winter.  These protected inshore pools are prime habitat for “peanuts” and other fish.  Above the outer edge of the pool, the wind rises.  Searching loons and gannets can use wind energy to travel the outer edge of the shifting lee zone, scanning shoreward for signs of available prey.  Satellite telemetry (the new GPS units) would allow testing of this hypothesis.

     South of Santee Point, SC, through Georgia and down as far as the “Florida Bottleneck” (Figure 4 and section 4), many rivers deliver abundant fresh water to the sea.  Aerial inshore loon transect counts are low because of the resulting turbidity.  Also, loons are dispersed throughout the very extensive bay and creek systems, which provide sheltered habitats suitable for individual feeding during the flightless period.  Nathan Dias commented that “nearshore numbers swell in SC in December and January, peaking in late January/early February”.  These observations are consistent with habitat selection for the flightless period, in a region far enough south that fish probably remain abundant in creeks and shallow bays throughout the winter (Bottlenose Dolphins Tursiops truncatus famously feed in such habitats).  In this region, loons also occur at low density out to the edge of the continental shelf, about 60 mi. offshore, mostly in water less than 60 ft. deep, and thus avoid brown (sediment) turbidity events (Lee 1987, Haney 1990).  NMFS researchers Dean Ahrenholz and Joseph Smith emphasize that many menhaden of various age classes move offshore over the shelf in winter, often feeding at depth after disturbing benthic material (behavior known as “mud roils”), so they remain potential food for the offshore loons.

     No other coastal bird occupies such a great range of winter habitats, which also include freshwater lakes of the southeastern U.S.

(4)  A hypothesized “regime shift”:  My NC loon observations and those of the USFWS mid-winter sea duck survey are consistent with the idea that menhaden declined in a long-term “regime shift” centered on 1993 (Uphoff 2003).  Prior to that, 1990-92, I and USFWS both found abundant loons inshore in ocean habitats of Onslow Bay and Long Bay (Figures 2 & 9).  I observed “banquet” behavior similar to what I had seen in the Chesapeake (section 6).  In March-April 1993, flightless and newly flighted loons were stressed by a series of exceptionally severe coastal storms, and suffered an “emaciation mortality event”, starving by the hundreds (Spitzer 1995, 1997, Augspurger et al. 1998).  During 5 subsequent years of survey, 1994-99, wintering loon sp. numbers remained very much reduced in this habitat (Figure 9).  

     I recently accessed  USFWS aerial survey data from 2000-2002.  The survey methodology has changed, but it appears that inshore loon sp. abundance in appropriate habitat of NC/SC (Onslow Bay and Long Bay) may now have risen to approach the level of the early 1990’s.  Because of loons’ longevity and low recruitment rate, it might take several years of stable, favorable food regime to restore the density of wintering common loons.  This would of course depend on the site fidelity of wintering loons, especially in the face of varying food regime.  The USFWS survey was discontinued after 2002.  A far more limited, relatively inexpensive annual late winter aerial survey of large birds that dive for fish along Onslow Bay and Long Bay (the “Fish-Divers” of section 7) might well provide substantial insight into processes that shape their abundance and distribution.

      Significantly, the Beaufort menhaden reduction fishery closed in 2005.  It was the last of several that had existed along the NC coast (Joseph Smith, personal comment).  The final closure was caused by a variety of factors:  Aging boats and factory; competitive price of soybean meal and other oils; greatly enhanced real estate value of the factory site at Lenoxville Point for residential and tourist development; community unhappiness with the stench of the factory when it was rendering the fish; and willingness of the owner and his family to retire.  Whether reduced menhaden abundance played a major role in this closure remains a subject of active speculation and discussion (e.g. Uphoff 2003, Franklin 2007).

(5)  Latitudinal wingmolt phenology:  Based on four large mortality events, the onset of adult flightlessness varies with latitude: 

A)  Wingmolt begins in January at 30 degrees N latitude, on the Gulf Coast of Florida, according to Alexander 1991 and Forrester et al. 1997.  (Darwin Long, working at 35 degrees at Morro Bay, CA, has had at least one bird initiate wingmolt in December—the only such record so far?)

B)  The Star Evviva oil spill occurred off NC-SC, roughly 34 degrees N, on January 16, 1999.  From Jan. 21-29, Erica Miller checked wingmolt on 43 adults received for rehabbing.  7 (16%) had yet to initiate molt, 31 (72%) were losing remiges (wing feathers), 3 (7%) were lacking remiges, and 1 (2%) was growing new remiges. 

This data suggests a median date for onset of wingmolt in mid-January at 34 degrees.

C) Coastal Rhode Island, 41 degrees 30 minutes N, yielded a sample of 25 birds killed by the North Cape oil spill of January 19, 1996, necropsied by Mona Haebler of EPA and kept as evidence.  4 of the 25 were juveniles, with full wings of course.  Of 21 adults, 17 (81%) had yet to initiate molt, and 4 (19%) were lacking remiges, with no regrowth, just buds.  Dr. Haebler commented that these birds had dropped their remiges while in captivity.  This data suggests that a median date for onset sometime in the first two weeks of February is likely in RI.

D)  Wingmolt is delayed until March-April at 60 degrees N latitude.  Reports are available from two 60 degree sites:  Data from 159 birds killed by the Exxon Valdez oil spill of March 24, 1989, in Prince William Sound, Alaska (Barr and McIntyre unpub.), and a long-term field study of both healthy and oil-killed birds in the Shetland Islands, UK (Heubeck et al. 1993).  This late date makes intuitive sense, and fits with all manner of latitudinal bird-breeding phenology.  March provides a release from short day length and intense cold.  Also, ice-out in Alaskan breeding habitat occurs well into May, so there is no selective pressure to molt early in winter.  Most or all loons wintering in southern habitats, by contrast, will be competing for nest territories far earlier.  But the latitudinal breeding range of birds wintering in the Carolinas, for instance, is unknown, and may result in some birds initiating wingmolt relatively late.  Age may also be a variable, with young birds not under pressure to migrate early and immediately compete for nesting territory.

These data sets make it clear that when oil spills occur at sensitive times and places, they can be a powerful research tool for understanding loons’ flightless periods.   This sudden mortal insult provides a “snapshot” of wingmolt phenology in otherwise healthy loons, so it is essential to preserve a sample from rehabbers for study.  If spills occur on northern waters when subadults are summering there, the resulting sudden mortality may yield large sample sizes of so far unavailable data on subadult wingmolt.  This would apply to all 5 species of loons.

Equally obvious is the extreme difficulty of using emaciated loons to infer normal wingmolt timing.  Metabolic functions are gradually failing in these birds, and that includes feather replacement.

10.  Spring Migration of Breeders and Subadults:  Many Questions Remain

There is currently no evidence of early loon departure from Florida Gulf waters, despite the earliness of wingmolt initiation (and presumably completion) there.  The limited publications available are a brief, somewhat casual yet informative note by Lovett Williams in 1973, and a detailed paper currently in preparation kindly supplied by Andy Kratter of the Florida State Museum.  Both studies are straight observational field biology.  (Apparently the batteries of Kenow et al.’s experimental birds fail before spring migration.)

While working up to 50 miles inland from the Gulf early in the morning, Williams heard wingbeats and viewed small flocks: “Usually 2 to 6 loosely associated flocks of 2 to 15 loons.”  This was roughly mid-March to mid-April, and he suggests that similar observation times through early May would also find some migrants.  In late March and early April, I have commonly seen small parties of loons in full breeding plumage inshore along the FL Gulf coast, typically 10 to 12 birds at sites along the coast of Apalachee Bay, in and near St. Marks NWR (Figure 1).  This is all I have been able to learn about the cross-continental northbound migration until loons reach the Great Lakes!  The proportion of loons wintering on the Gulf of Mexico that migrate directly north across the continent remains completely unknown at this point.  With no satellite telemetry data available, it even remains an open question whether the spring pre-migratory flocks I observed at Apalachee Bay might cross to the Atlantic coast, a minimum overland flight distance of about 160 miles (256 km).

Kratter, watching from Gainesville in the northern interior Florida peninsula (Figure 1) in early morning, records loons flying on headings ranging from east to northeast, from about March 21 to the 10th of April.  So far this has been observed only at Gainesville, but Kratter may be observing a small cross-section of a large, diffuse migration across the isthmus of the Florida peninsula, with loons originating from the region of Cedar Key to far south of that (Figure 1).  It is important to remember that many potential freshwater stopovers in the interior of the continental southeastern U.S. have only gradually been created by human impoundment within the past two centuries.  Also, interior rivers could be in flood at this season, thus turbid and unpredictable as feeding habitat.  So this crossover is very likely a historic pattern which avoids large areas of unfavorable inland habitat and delivers loons to food-rich Atlantic coast habitats for some of their northbound migration.  Would there be any comparable southwestern crossing of the peninsula in late autumn?  Certainly, it is worth looking for, given what we know of Atlantic coast autumn food concentrations as a potential series of stopovers for southbound loons.

The very limited data available suggest that most healthy loons have left Florida’s rapidly warming coastlines by the 15th of April.  Also, there is no strong evidence at this time of early departure from Florida Atlantic coast waters, late February to mid-March, although many birds wintering at that latitude should have regained flight.  Such early northbound migration to stops over schooling fish should be looked for at coastal observation points in FL (Jacksonville Beach) and SC (Murrell’s Inlet, Huntington Beach State Park, suggests Nathan Dias; the Isle of Palms, reported by Joe Jehl at the end of March).  The huge flight on the morning of March 7, 1985, observed by John Abbot and Perry Nugent on the shore of Kiawah Is., SC, stands alone at this point (Table 4).  More data is needed for interpretation of this potential northbound movement vs. inshore aggregation.

As loons wintering in NC and SC regain flight in late February and early March, some large flocks have been observed inshore along the Atlantic coast (Table 4).  This is not well understood, it appears to be “a biology of patchiness” and it is very unpredictable at this point (e.g. Appendix I).  It is probably a response to fish migration events:  Newly flighted loons are tracking fish as they respond to rising water temperatures and related ecological events such as plankton blooms.  In SC, Nathan Dias found large numbers of loons offshore in mid-March 2003.  Nathan practiced what I call a “directed search”, in which I assume that loons are selecting food-rich habitats, and I use all available information to look for those clusters of loons (see, for examples, Section 6 and Appendix I).  His approach was both practical and cheap:  He paid $25 as an observer to ride a large (105’) sportfishing “headboat” from Mt. Pleasant, SC, roughly 50 miles southeast to the outer continental shelf, where scouring currents clear “live bottom” (corals, limestone, sandstone) that attracts abundant small fish and generates a local food chain.  Of course the charter boat captains use state-of-the-art techniques (and probably share information) to locate this abundance—it is their livelihood.  And that of the loons too: Nathan counted 550+ on March 15, and 770+ on March 22.  These were scattered birds, flying and drifting, not in flocks.  It is quite possible that some portion of these loons are the first stage of spring migration from Florida.  More field work of this sort is appropriate, but windows of relatively calm offshore weather can be very limited and unpredictable in March.  Satellite telemetry with GPS units attached to loons in FL waters is a likely research technique in this situation.

In NC, Cape Lookout is a major fish trap, and also offers some storm protection.  Thus it is one of the most predictable sites of flocking in late winter (Tables 2 & 4).  Later, throughout April, the east end of nearby Harkers Is. is a reliable early morning station for observation of spring migration.  Adult birds fly northeast at the east end of Harkers (Figure 3), probably to maintain a flight path up the Atlantic coast.  Harkers and nearby Shackleford Banks, along with Salter Path to the west and Ocracoke Is. to the northeast, were famous sites of spring loon shooting during the first half of the 20th Century (Guthrie 1993).  Roasted loon with rutabagas was a favorite Easter dinner on Harkers Is.  When I asked islanders about loons’ palatability, their standard reply was “they purify themselves” (when migrating).  Perhaps there are physiological changes associated with this marathon flight event?

By early May, there are still some morning loon flights along the NC seacoast, and many of these later loons are in subadult plumage.  I have viewed this from Cape Lookout:  Some of these birds trace long shallow arcs across the Cape, while others are flying farther offshore but with a similar coastal orientation.  Powers and Cherry (1983) found that offshore, pelagic spring migration was substantial in April and May, out to the edge of the continental shelf and at least as far north as northern New England.  More recent unpublished observations by John Fussell (NC) and Nathan Dias (SC) support this, and also suggest the possibility of some northbound pelagic movement off the Carolinas as early as March.  Subadult birds are headed for northern maritime waters, where at least some will undergo a wingmolt during days of long photoperiod on cold, productive waters.  In the years I studied significant NC mortality, 1992 and (mostly) 1993, emaciated loons continued to occur on coastal beaches throughout May and into June, often as a result of easterly storms.  At least half of this warm-weather mortality was brown subadult birds, and these were not in wingmolt (they probably had been in declining condition for many weeks, which would interrupt both migration and a normal molt schedule).  Ghost Crabs Ocypode quadrata camped under these carcasses and consumed them rapidly.

There is a strong morning migration flight up Chesapeake Bay throughout April, subsiding in early May, observed by James Stasz in 1989 and 1990 (unpublished data) from North Beach, Calvert Co., on the MD western shore of the Bay.  These loons are probably following the Susquehanna River valley to Lake Ontario, then onward to interior northern breeding sites.

At this writing, no one has done northern summer Common Loon studies on salt water.  The coast of Maine is one possible site for such research.  Canada’s huge Gulf of St. Lawrence may be among the most important subadult habitats (and wingmolt sites?) for Common Loons from eastern and central North America.  McIntyre (1988, p. 163) reports small subadult flocks (typically 5-12 birds) at Baie Verte, on the border of NB and NS, a total of 100+ birds in some years.  I have seen similar flocks, of uncertain age, along the coast of NS in August.  Otherwise the Gulf region remains unreported.  In late June of 1989, riding the “Nordik” ferry along the north shore of the Gulf from Havre St. Pierre, QC,  east to Herrington Harbor, QC, I saw hundreds of Common Loons offshore, many of them in breeding plumage.  Some of these nonbreeders may have been preparing for entry into the vast interior freshwater “Grand Nord” of Quebec, where they would face territorial breeders.

Also lacking are northern autumn surveys and studies of Red-throated Loons during their flightless period.  Allowing for the challenges of remoteness, shortening days, and early cold weather, the Gulf of St. Lawrence may be the logical site for such research.

11. Summary of Opportunities to Learn

These studies bring together two sciences:  Vertebrate ecology and marine biology.  With the advent of commercial fields of offshore wind turbines, seabird ecology and offshore habitats are gaining attention.  Loons are among the most accessible of such birds.  Also, the management of menhaden, a prime loon prey, for ecosystem health and productivity is now a prominent issue (Uphoff 2003, Russell 2005, Franklin 2007), and is likely to remain so.  I hope that observations and concepts presented in this report—long-term mortality study; “loon pools”; flock-feeding; feeding in relation to turbidity; the food-chain connection with menhaden; protracted autumn migration; habitat selection and mortality associated with the vulnerable flightless period; the mysteries of late winter staging and spring migration; and the unstudied spring-summer subadult life-history on northern salt waters—will all be revisited many times in coming years.  The report is intended to encourage and guide such efforts.  Specific suggestions for survey and research are stated throughout this text.  Certainly, more satellite telemetry research is appropriate during winter and spring, especially if the new “GPS” units are small enough to use in loons (as subcutaneous implants).  While some study such as necropsy, pathology, and toxicology is the province of experts, there are abundant opportunities for “citizen science”:

(1)  Beach surveys at prime long-term mortality study sites.  December through April along the Florida Bottleneck (which includes Canaveral National Seashore and Ponce de Leon Inlet).  February through April at Florida Gulf sites such as St. George Is. (in part a FL state park), Dog Is. (where TNC has substantial holdings and great interest), St. Vincent Is. NWR, Cape San Blas, and the St. Joseph Peninsula (much of it a FL state park).   March through May at Cape Lookout N. S. and Cape Hatteras N. S. in NC (see Grabowska and Streep 2007).  Periods of east wind, and the aftermath of easterly storms, are the essential time to survey Atlantic coast sites.  NPS may be able to provide some volunteer transport during their beach patrols, and offer ATV use to qualified people.  That was my experience at Cape Lookout.  Weak birds can be hand-captured.  In late August 1999, I waded into Long Is. Sound, CT, and gently caught an emaciated subadult in delayed wingmolt that was part of an unexplained late summer emaciation mortality event along the coasts of NJ and southern New England.  Most or all were subadults, and most were in delayed wingmolt (Mark Pokras pers. comm.).  Such live but fading birds are potentially valuable for diagnostic research.

(2)  Dawn-to-mid-morning watches of northbound migration in NC: Harkers Is. and Cape Lookout; SC: Murrell’s Inlet? (suggests Nathan Dias), the Isle of Palms (reports Joe Jehl), and Kiawah Is.—see Table 4; and perhaps FL: Jacksonville Beach?.  Also MD: W. shore of Chesapeake Bay; and MA: N. shore of Buzzards Bay (reports Alan Poole—a completely unstudied flight).  The detailed autumn migration watches on Cayuga Lake, NY, done by “the Cornell group”, should continue to yield important data on migration patterns and behavior.

(3)  Boat survey at prime sites such as autumn migration stopovers off Chesapeake Bay (Figure 7, late Oct. to mid-Nov.), and the lower western side of Chesapeake Bay, especially off New Point Comfort, VA (Figure 7, mid-Nov. through Dec.).  These can be combined with sport fishing, and the more loons, the better the fishing is likely to be.  Clean the fish immediately after they are caught to best identify the local prey base, because digestion continues after the fish is dead.  In NC, Dec. through March, Cape Lookout Bight is generally boat-accessible through sheltered waters, but the adjoining Cape Lookout waters are very weather-dependent and hard to predict—there can be big seas despite local light winds.  The wonders of the Bight and beach are enough, the price is much more moderate, and we need ongoing data on loon abundance and behavior there.  You may be able to join the Cape Lookout Study Program of the N.C. Maritime Museum in Beaufort for such a visit.  At this season, early morning and late afternoon crossings of Pamlico Sound on the Ocracoke ferries are at times very productive, but that is hard to predict (details in Fussell 1994, pp. 197-201). 

     Other than ferries, quality boat-time is expensive and very weather-dependent.  It requires patience and careful judgement.  One should watch weather reports, and allow a few days to get a window of light wind or preferably near-calm weather—otherwise you may not see very much.  I advise picking a likely time and place for loon “pile-ups” (usually related to food, lee shore shelter, and/or migration in the Chesapeake and NC).  Dramatic “pile-ups” get naturalists’ attention, and some wind up in print—examples are in Tables 2, 3 and 4.  Take along a weighted Secchi disk, make measurements of turbidity and water temperature.

     Canadian migratory stopover sites on the Great Lakes and the Gulf of St. Lawrence remain obscure to me. Also, I have found no accounts of the Red-throated Loon’s flightless period.

I have written both Appendices to this text as field trip reports (by airplane and auto), to demonstrate how immediate observations at interesting times gradually contribute to the larger picture of our understanding.  “Latitudinal wingmolt phenology” (section 9, #5) is also presented as a growing body of evidence, much of it gained from oil-spill mortality. 

Study of loons pulls one away from peopled shorelines, on an outward voyage to places and times where wildness still prevails along North America’s East Coast.  

The words of the poet Henry Beston (1928) approach this ineffable experience:

“As the year lengthened into autumn,

this earth and sea so possessed me that I could not leave.  

In that space and brightness, 

in that ceaseless travail of wind and sand and water…

one sees…the instancy and eternity of creation.

The incomings of waves, the gatherings of birds,

the splendor of autumn, the pilgrimages of the peoples of the sea, 

winter and storm, and the holiness of spring…

The longer I stayed, the more eager was I to know this coast

and to share its mysterious and elemental life.”
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14.  Figures and Tables

Figure 1.  Overview Coastal Map, New Jersey to Florida.

Some major physical features discussed in the text are labeled.

Figure 2.  NC-SC Map:  The area of my study 1991-96.

Figure 3.  Cape Lookout; Cape Lookout Bight (the “World-Class Loon Pool”, 

the best I have found); Shackleford Banks; and Harkers Is., NC.  

Figure 4.  The Florida Bottleneck:  St. John’s River to Port Canaveral.  

Also showing habitat diversity of the GA and SC coast to the north.

Figure 5.  (Composite): The other 3 “Loon Pools” discussed in section 5:

Morro Bay, CA; Tom’s Cove, VA; and Port Canaveral, FL.

Figure 6.  A graphic model:  Secchi turbidity as an axis of feeding niche for Common Loon, Gannet, and Double-crested Cormorant.  Based on extensive field observations and measurements by the author in the Atlantic coast region.

Figure 7.  Chesapeake locator map for autumn loon concentrations.

Habitat selection is discussed in sections 6 and 8.

Figure 8.  Chesapeake juvenile menhaden production surveys, 1958 to 1998, now generally accepted as evidence of a major “regime shift”.

Figure 9.  Total loon numbers in thirteen USFWS Sea Duck Survey transects of Onslow Bay and Long Bay, 1990-99 (eight winter surveys).

Table 1.  Comparison of latitude, size, loon numbers, and loon density in the four Loon Pools (described in section 5).

Table 2.  Common Loon numbers in Cape Lookout Bight and “outside” on the lee western side of Cape Lookout, with discussion of relevant events.

Table 3.  Comparison of “Fish-Diver” abundance in some Christmas Bird Counts at key sites in NC.

Table 4.  Big late February and early March Common Loon flocks in NC and SC.

Table 1.  Comparison of the four Loon Pools (described in section 5).

Area and (Observer)           Latitude           Size          Loon #s        Loon Density 

Morro Bay, California      ~35 degrees      ~6 km2?        25-50           4-8/km2 (but

                                                            (low tide)                      concentrated in a

(Darwin Long IV)                                                                      portion of the bay,

                                                                                              so probably higher?)

Port Canaveral, Florida      28 degrees,      1 km2         variable           variable

                                        25 minutes

(Danny Bales)

Cape Lookout Bight,         34 degrees,      5-6 km2       125-250          20-50/km2

Cape Lookout N.S.,           38 minutes       (tidal

North Carolina                                       variation)

(Paul Spitzer)

Tom’s Cove, Virginia       37 degrees,      ~2+ km2          10-50             5-25/km2

Chincoteague NWR          53 minutes       (low tide)                            (based on

(Judy McIntyre,                                                                                low tide)

Paul Spitzer)

Table 2.   Selected boat survey data summaries:  Cape Lookout Bight and on the sea adjoining Cape Lookout, with comments.

Date            # CL in Bight               # CL on the sea                              Comments

10/17/93      1 CL flies over, first of season

11/14/93
1 CL partial basic plumage          6 CL                             Secchi 2.7 m

11/19/93       20 CL                     103 in groups of 4-20                      water 64 deg F

end of day, calm sea                       just arrived?                                Secchi 2.8 m

11/29/93      30-40 CL               90-100 in groups of 5-20                      Secchi 2.2 m

12/14/93     100 (some flocks)           75 partial count             62 deg F,  Secchi 2.2 m

A famously cold early 1994 winter, then:

2/5/94     180 CL               slightly over 1,000 CL in about                     48 deg F

             46 deg F             10 km2, abundant Gannets, no RTL,               Secchi 2.7 m

            Secchi 2 m       predatory fish surfacing in sudden pounces,

                                       and a juvenile Humpback Whale

2/16/94        175 CL          CL in same #s, but more dispersed and           Secchi 2.5 m

Wind NW 7 mph                farther out to sea

2/17/94      not checked       CL mostly dispersed, couldn’t find #s

3/5/94  ~150 CL, Secchi 1.4 m    ~1,000 CL, aftermath of violent (40 mph) but brief 

Wind E 8 mph, dropping          (1.5 days) easterly storm, in scattered groups 5-50 CL,

                                             along shore and 3-4 mi out to sea.          Secchi 1.1 m

3/12/94    ~150 CL          very rough, survey not possible                      Secchi 2.5 m

             Secchi 1.5 m      RTL on water, 200++, moving N now

3/18/94   150-200 CL, Secchi 1.5 m       very rough, no survey      w/Tom Augspurger

            1 Pacific Loon basic plumage     (March weather!)

3/24/94   150-200 CL        rough, hundreds of Gannets migrating            Secchi 2.0 m

             Secchi 1.6 m

3/29/94   ~150+ CL  many in full breeding plumage, esp. near sea.  7 flying—migrants

             Secchi 1.5 m       1 Pac. Loon basic plumage      sea too rough for survey

4/2/94     50 CL essentially none in full breeding plumage, assume those migrated.

           Secchi 1.7 m    sailboats moored where loons were, & fish-nets set out on sea

4/11/94   25-30 CL   70 CL outside: day began calm, then front came     Secchi 3.75 m

           Secchi 2.5 m, 63 deg F        through with rising wind, many flew N

4/12/94   ~25 CL    200+ CL outside, small flocks 5-10 and dispersed birds, many less

                             than full breeding plumage, subadults ? or northern breeders?

4/21/94   No CL in Bight!

Table 2.  (cont.)

1995:  A very warm winter.  I did not have my own boat, so could not do a thorough search outside on the sea, but I have no reason to think that CLs were present there in many hundreds.

2/27/95   ~150 CL in Bight               outside not checked closely

3/6/95    165 CL partial count, 100+ in one flock, 2.3 m Secchi, 52 deg F (Bight data)

3/17/95   75 CL, but lots of early netting activity in warm weather.  Outside too rough

3/28/95  ~200 CL, 1.5 m Secchi          335 CL on the sea, 4.0 m Secchi

              1 Pacific Loon basic plumage

3/30/95  ~200 CL, last high count in Bight

1996:  Another cold winter to N.  Lower water temperatures may have pushed prey base (and loons) south to here?  Again I’m a guest on the boat.

2/22/96  ~125 CL, 2.5 m Secchi     ~1,000 CL, big amorphous flock      3.2 m Secchi,

52 deg F, many have swum out?    (700-1,300 est.), ~100 RTL, gannets,       50 deg F

                                           RBM closer in, DCCO, 1 juvenile Humpback Whale

Table 3.  Comparison of “Fish-Diver” abundance in some Christmas Bird Counts at key sites in North Carolina, 1986 and 1987.

                                                          Location and Year

                              Ocracoke            Pamlico             Cape                Wilmington

                                Island               Sound             Hatteras

Species                 ’86        ’87                ’87          ’86        ’87          ’86          ’87

red-throated             0           1             6,350            71         75           10           65

loon

common loon          13           4               478            25         15          415         663

horned grebe            5           0               145              7         12             1           13

gannet                    34        106                 5         2,900       870          552         172

brown pelican       286         239               65         4,600     2,000         188         177

double-crested    1,843     54,002            515        30,000     2,407         271         927       

cormorant

red-breasted          116          89         17,000             97      5,865          56           36

merganser

Notes:  Extremely high counts are in boldface.

           Pamlico Sound CBC was not done in 1986, but is famous for high numbers of

           both loon species and red-breasted mergansers in previous years.   

Table 4.  Big late February and early March Common Loon flocks in NC and SC.

Note:  Are these aggregations of locally wintering birds, or early stopover migrants from farther south, or both?   We need to look for early morning flights in NE FL and SC (try observations from the mile-long jetty extending into the sea at Murrell’s Inlet, Huntington Beach State Park, SC, say Nathan Dias and Perry Nugent).  Is this shaped by patchy prey such as surface-feeding schooling menhaden?

Date                      Place                                     Size, Observer, & Comments

Feb. 24, 1991     in lee zone off Sheraton Hotel              255, Paul Spitzer

                         Dock, Atlantic Beach, NC

Feb. 26, 1991     flock extends several km from              385 CL, 2 RTL, Paul Spitzer

                      Sheraton Dock SE toward C. Lookout      evening, rare calm conditions

March 5, 1994        outside Cape Lookout Bight,     ~1,000 in scattered groups of 5-50

                        NC, along shore & out to 5-6 km     not concentrated.  Paul Spitzer

March 8, 1973        Cape Lookout, NC                           ~1,000  John Fussell 

                             (general vicinity)                            (in Teulings 1973)

March 12, 1991       Long Beach to                 ~1,000 spread over a few km with some

                         Lockwood Folly Inlet, NC     clusters, some DCCO mixed in, also

                              (in Long Bay)                   separate DCCO flocks, Spitzer by air

March 15, 1992       off Topsail Is.                  815, in flocks of 415, 265, & 135

                             near Surf City, NC            Henry Armistead

                             (in Onslow Bay)

March 7, 1985       Kiawah Is., SC              ~ 4,500 CL seen from beach in 2.5 hours

                                                               by John Abbot & Perry Nugent.  Morning

                                                               flights up the coast.  Wind off the sea at

                                                               30-40 mph, concentrating CL inshore and 

                                                               giving them tremendous flight mobility.

Note:  The last observation is of flying birds.  Heavy-bodied CLs are stable, strong fliers in a high wind, it gives them mobility, and wind of such velocity blowing off the sea could concentrate migrants (or newly flighted wintering loons) inshore, including birds that might otherwise be moving well out to sea.  Even if the count is an overestimate (and Perry Nugent feels it is accurate), it could mean that many loons have regained flight after wingmolt and are proceeding from farther south--as far south as FL (where median date of wingmolt initiation is earlier)--to aggregate over fish concentrations in NC and SC.  Many or most of the loons in the other observations have probably also regained flight, and may have undergone wingmolt locally.

Appendix 1:  The NC-SC coastal survey flight of March 11, 2006  (includes discussion of Double-crested Cormorant winter ecology)

Mark Koneff, Patuxent WRC, pilot and left side observer

Paul Spitzer, right side observer

Rebecca Rau, Patuxent WRC, on computer and taking digital photos

South and west from Oregon Inlet, NC, to Myrtle Beach, SC (Figure 2).

Survey time about 3.5 hours, roughly 10:00 AM to 1:30 PM.

A lovely calm day, what I call “Blue Meadows” (when viewed from a boat angle—the sea looks green from the air).  Almost no whitecaps were showing throughout the flight, except around a couple tide rips.  We awaited these conditions for two days in Manteo.  A big warm front came in and blew for much of those two days.  Subsequently, on our flight day, inshore turbidity (shades of brown) was substantial.  Unlike Common Loons (CL), cormorants (DCCO) are relatively indifferent to this turbidity, they flock-feed down to 0.5 m visibility or less on the Secchi disk.  I observed “leapfrog” feeding by a large flock of DCCO beyond the surf line at Coquina Beach on the windy afternoon of March 9.  I think that DCCO are inshore specialists, while I know that CL feed all the way to the edge of the continental shelf.  CL also winter on freshwater reservoirs and in tidal salt creeks—no other waterbird uses such a wide range of habitats.  But loons do not/cannot roost on land, an adaptation that promotes the great abundance of the intensely social DCCO.

The transect from Oregon Inlet south to Cape Hatteras and then on to Cape Lookout had very low Common Loon (CL) density, as has also been observed on winter surveys.  By contrast, DCCO density was very high, most of them roosting on shore, digesting and drying out by the time of our late morning passage.  They roosted close to the sea, favoring shoal islands surrounded by water in inlets.  These portions of the national seashore are lightly visited in winter, so DCCO may go undisturbed for long periods.  Each roost contained from hundreds to thousands of DCCO.  The way to quantify would be to take a series of digital photos and count from them afterwards.  This is a very significant wintering area for DCCO, it would make an appropriate study site.  In this locale flooded with DCCO, it seems to me they might well outcompete Common Loons.

Then we surveyed Onslow Bay, from Cape Lookout to Cape Fear.  This region as usual had a much higher loon abundance, but they were for the most part dispersed.  The continental shelf broadens out here, bounded on the outside by the Gulf Stream, and this region is known for stable winter water temperatures and predictable concentrations of wintering and breeding fish.  CL were not yet showing strong breeding plumage.  The  proportion that had regained full flight capacity was uncertain.  Low mobility might tend to keep them dispersed.  They were over green water, productive of plankton but low in brown sediment turbidity.

We moved several miles offshore while passing the restricted air zone at Camp Lejeune.  There we recorded one of our very few loon flocks, and also saw numbers of dispersed CL.  These shelf waters would be stable with regard to temperature and turbidity, and are a good habitat selection for CL.  They are far enough offshore to be energetically less favorable for DCCO (a long commute from roosts), and may require deeper dives as well?  In retrospect, maybe we should have surveyed more habitat this far offshore, and moved to higher elevation, 400’ or 500’, to look for clusters of CL.  We returned close to shore for our survey of Long Bay from Cape Fear to Myrtle Beach.  After a few (flighted) Red-throated Loons at Cape Fear, it was quite barren of loons.  Perhaps by the end of the CL flightless period, inshore brown turbidity events and/or dropping water temperatures have discouraged the CL from remaining in that habitat, and most of them have swum farther offshore.  CL are known to winter at low density all the way out to the edge of the continental shelf (several observers, esp. Haney 1990), which covers a huge area from southern NC to mid-Florida.

Two days after this flight, I had a conversation with Chris Canfield, NC state director for National Audubon Society.  He mentioned that he had recently observed “a large flock of CL at Wrightsville Beach, NC”, where we had recorded only dispersed individuals.  This variability was also typical of my 1990’s NC observations in late winter:  Sometimes big flocks of CL, hundreds of birds, would materialize, seemingly out of nowhere.  This phenomenon remains something of a mystery to me.  Also of great interest would be the prey base that supports it, with juvenile menhaden a likely possibility.

A FINAL NOTE:  The day was calm enough that surface wrack lines/frontal edges (?) were evident from the air.  That was the habitat selected by Bonaparte’s gulls, where they were locally common.  They are winter residents, and this might also be early migration.  This principle may well apply to large areas of the shelf, and pelagic birds may concentrate over patches of Sargassum weed concentrated by winds and currents.  Such patchy phenomena would be poorly censused by line transects.  A point-centered approach relying on constant feedback from visual observations might get at the real distribution and abundance.  When Common Loons are flocking over menhaden, that has been my approach during boat surveys in order to describe and quantify the very clustered distribution.  Under calm conditions, aural cues were very helpful—I could sometimes hear CL flock-feeding before I could see them.  And I think other dispersed, hungry CL would have heard the “yip” calls more acutely than I could, swimming in from a greater distance.  So that may provide some explanation of the flocking phenomenon.

Appendix 2:  Gannet Stopover at Chesapeake Bay, March-April

This is one of the great annual natural spectacles of Chesapeake Bay.  At times it can be experienced from the southernmost fill island of the Bay Bridge-Tunnel, with the comforts of the restaurant close at hand.  It remains obscure:  Not observed or noticed by many people, and undescribed with regard to gannet abundance; behavior; duration of the stopover; and ecosystem processes that support such abundance.  There is real ecological significance here:  This is a season when great numbers of fish enter the Bay, an event well known to fisheries biologists but rather abstract for the general public.  The gannets not only dramatize the event, but may serve as a quantitative bioindicator in understanding it.

Gannets plunge-dive dramatically from up to 100 feet or more, entering the water like a living javelin.  Gannet flocks can pursue schooling fish as a living avian curtain.  Diving gannets penetrate the water column to some depth, and their ability to remain submerged and pursue fish is not well quantified (see Nelson 1978).  These parameters are important, because they will help us to learn what fish species the gannets are taking as prey.  In my Atlantic coast gannet observations, all prey were consumed underwater.  This is an important constraint on the size and shape of prey.  (A useful comparison:  I know that Common Loons specialize on small menhaden when they can get them, and aggregrate over them in large, yipping feeding flocks—but I have never seen a menhaden in the bill of a loon.  During boat-based observations in late November and December in lower Chesapeake Bay, I have frequently seen flocks of gannets dive into actively feeding flocks of Common Loons, which were pushing prey toward the surface.  I think both species benefitted.  Secchi disk visibility was at least 2 m, helping to prevent dangerous, even lethal collisions.)

My most recent experience, which inspires this report, was on the afternoon of April 5, 2006, when I crossed the BBT northbound.  I arrived at the restaurant around 3:00, and made observations from the South Island for the next 1.5 hours.  The wind was roughly due N at about 20 mph, giving the gannets plenty of energy for flying and hunting.  Their movement was very directional and focused:  They were entering the Bay as individuals, passing through the Thimble Shoal Channel (the first tunnel lies under this), avoiding the structure of the bridge as if it were a fence.  Often, ten gannets passed per minute.  I estimate 400/hour entering the Bay at that local point and time.  Most of these appeared to be in full adult plumage, but about 2%-5% were in subadult plumage, second or third year birds according to the Sibley guide.  Individuals plunge-dived in the course of this passage, giving me the sense that they were directly tracking fish as well as moving toward feeding grounds. Chesapeake Bay is not their ultimate destination, so I define this as a “stopover”.

I resumed my drive north around 4:30 PM.  Security now prevents observations from the other three fill islands, which I formerly did and certainly wanted to do today.  Traffic was very light, and there are two lanes on the trestle portions, so I drove quite slowly.  Gannets were also funneling through the Middle or Baltimore Channel, which passes over the second tunnel.  Again the bridge trestles functioned as a psychological fence, the gannets would only cross in the broad water-filled gaps.  To the east, outside the bridge, I could see one large feeding flock.  After that, a high fixed bridge crosses the (third) North Channel as one approaches Fishermans Island.  Within a mile to the east, in the lee of the island, a flock of perhaps 300-400 gannets was resting on the calm water and circling above (thus catching the strong N. wind).  There is a dropoff and channel at that location, which would concentrate fish.  The bridge structure and continuous BBT may have also been corraling these gannets, preventing their passage into the Bay?  By this time a trailer truck was blaring its horn right behind me, limiting detailed observations.

Colleagues of Prof. Mark Pokras have observed such flocks of resting gannets close to shore on Nantucket Is., MA.  I estimate my total BBT count as up to 2,000 gannets, which is not unusual during the stopover period.  On my March 20th 3:00 PM southbound crossing of the BBT, 17 days earlier, I noted hundreds of gannets.  Wind was lighter, and they were not much in motion, though while driving I did see a big aerial feeding flock outside (East) of one of the trestles.  Also it was a gray overcast day, which makes these big snowy-white birds harder to see at a distance.  There should be some good records of seasonal gannet counts from the BBT—I think of Harry Armistead in particular.  There is potential here for a classic study, some of which could be done from the BBT and Fishermans Island NWR.  It would require patience and seamanship, cooperation from Federal and state authorities, warm lodging nearby, a seaworthy boat perhaps 25’ with a cabin, and capability to census and identify fish both by fast-moving net and sonar.  Some aerial survey would be useful:  Perhaps one could hire a menhaden spotter plane.  At times during winter the gannets are concentrated off Virginia Beach.  I believe they are feeding over a big plume of productive water which issues from Chesapeake Bay.  Subadult Humpback Whales sometimes concentrate in this area, inspiring ecotourism from Rudee Inlet.

Humpbacks and gannets also co-occur in eastern Canadian waters.  All the North American gannet breeding colonies are in eastern maritime Canada. There are about six of them, and they have recently been increasing.  Famous ecotourist sites include Bonaventure Island/Perce Rock in Quebec and Cape St. Mary’s in Newfoundland.  In understanding the Chesapeake Bay stopover, it would be important to know the gannets’ arrival and egg-laying dates in Canada. 

