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US Forest Service Northeastern Research Station, UMASS, Amherst, Massachusetts, USA.

Habitat requirements during the transition to independent foraging: causes and consequences for management

The research presented confirms the importance of juvenile stage habitat to a wide range of vertebrates. In many taxa, juvenile survival has a strong influence on recruitment, and habitat used by juveniles is distinct from that used by adults. However, important knowledge gaps remain. For example, it is generally unknown whether differences between juvenile and adult habitat use are the result of intrinsic differences in requirements, or are the result of adult-juvenile interactions. In this paper, we review the results of juvenile habitat use studies across vertebrate taxa, and present a simple model of the potential population consequences of changes in juvenile vs. adult habitat, depending on the extent to which juveniles and adults differ in intrinsic habitat requirements. Our goal is to summarize the state of knowledge, and provide a framework for future investigations.
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Fisheries Research Services Freshwater Laboratory, Faskally, Pitlochry, Perthshire, PH16 5LB, Scotland, UK (JDA); USDA Forest Service, 201 Holdsworth NRC, Umass, Amherst, MA, 01003, USA (KHN); Division of Environmental & Evolutionary Biology, Institute of Biomedical & Life Sciences, University of Glasgow, Glasgow G12 8QQ (HS).

The transition from maternal provisioning in freshwater fishes: population implications and habitat requirements

There is evidence for intense density-dependent mortality, termed a production bottleneck or critical period, for some species of juvenile freshwater fish at the stage when they switch from using maternally derived nutrients to fend for themselves. During this stage, habitat requirements are often distinct from other life-history stages. Given the demographic importance of this transition, managers are frequently faced with potentially high risk and large-scale solutions to the problem of enhancing juvenile survival. However, the gains may be very large. This review focuses on this life stage and aims to integrate results of recent research and knowledge in related fields to outline the biological basis for management options. Consideration is made of 1) the factors that influence the maternal provision, 2) the mechanisms that link individual behaviour and physiology to population processes, and 3) the options for managers to manipulate the transition, particularly through modification of habitat structure.  We illustrate these concepts and issues from our studies of juvenile Atlantic salmon (Salmo salar), and outline a general framework for early life history considerations in conservation and management of freshwater fishes.  
JUANES, Francis XE "JUANES, Francis"  and Mark TUPPER

Department of Natural Resources Conservation, University of Massachusetts, Amherst, MA, 01003 USA (FJ); University of Guam Marine Laboratory, UOG Station, Mangilao, Guam 96923, USA (MT).

The transitional phase in marine fishes: settlement, recruitment, habitat use and management

The mechanisms of recruitment in marine fishes is a topic of continuing interest. Many agree that the 'critical period' determining population sizes occurs early in larval life while others have suggested that it may occur in the post-larval or juvenile phase The relative importance of specific life stages in determining future year-class strength depends on the duration and the respective mortality rates experienced during each stage as well as the scale at which data are gathered.  The term‘transition phase’ describes a distinct post-settlement stage associated with the recruitment to benthic habitats by pelagic life stages. The habitat shift is often accompanied by feeding shifts and metamorphosis from larval to juvenile phases. Density-dependent settlement, growth and mortality are often the major factors controlling recruitment success of this phase and may lead to the evolution of behavioural flexibility during the transition. Habitat use also becomes more pronounced after settlement. Settlement can occur over all bottom types, but habitat-specific differences in post-settlement mortality rates combined with size and priority at settlement effects on growth and survival often determine recruitment and eventual year-class strength. In this review we contrast work on tropical and temperate marine fish species highlighting the dynamics of the transition phase and consequent habitat use and feeding shifts.  We also outline a procedure to assist managers in identifying and managing essential transitional habitats including the potential role of marine protected areas in habitat conservation.

FITZGERALD, Lee A. XE "FITZGERALD, Lee A." 
Ecology and Evolutionary Biology Group, Texas Cooperative Wildlife Collection, Texas A&M University, College Station Texas 77843-2258.

The interplay between parental investment, ontogenetic niche, and life history in reptiles: implications for conservation

A survey of maternal provisioning across the reptile phylogeny reveals several gradients of maternal provisioning among and within reptile lineages. In some cases the transition from maternal provisioning is clearly associated with ontogenetic shifts in morphology, diet, and habitat. For example, the dramatic niche shift that occurs in all crocodilians at 50 cm body length is a shared ancestral trait associated with the transition from maternal care. Ontogenetic changes in colour, ornamentation, and mimicry are independently evolved in several lineages. Ecomorphological shifts in other lineages happen relatively early in ontogeny, may not occur at all, or are notoriously difficult to study. The “lost year” in Seaturtles, for example, is a common situation for many turtles and squamates, leaving managers faced with the conundrum of needing to conserve habitat for juveniles when it is almost impossible to study juvenile habitat requirements. Importantly, the transition from maternal provisioning is associated with overall life history strategy. Case studies on Red-footed Tortoises, Tegu Lizards, Rattlesnakes, and endemic Sand Dune Lizards illustrate how interactions among maternal provisioning, life history strategies, habitat features, and geographic range have profound influence on the ability of populations to persist in the face of anthropogenic disturbance. Presence/absence of tortoises in South America reflects patterns of human use. Tegus are hunted in large numbers. Their conservation is successful because their life history, distribution of hunting, and large geographic distribution facilitate sustainable extraction. Life history variation among Rattlesnakes clearly calls for species-specific management strategies. Finally, the Sand Dune Lizard is an endemic habitat specialist whose dispersal and distribution is extremely sensitive to top-down cascades of habitat change.  

LOWE, Winsor H. XE "LOWE, Winsor H." 
Institute of Ecosystem Studies, P.O. Box AB, Millbrook, New York 12545-0129 USA.

Assessing and exploiting larval habitat specificity for the management of amphibian populations

Amphibians differ in the degree to which larval habitat is distinct adult habitat. Larval habitat specificity is a critical consideration in the development of management strategies to maximize larval survival and contribution to population persistence. In most pond-breeding amphibians, larvae are restricted to the aquatic environment, while adults rely on semi-aquatic and terrestrial habitats. Extensive research has documented the importance of pond hydroperiod in determining larval demographic rates, both through direct, abiotic pathways and indirect effects mediated by other members of the pond community. In reviewing this literature, I identify management implications of environmental controls on the contribution of larvae to overall population dynamics in these species. Recently, the population-level consequences of environmentally-induced phenotypic plasticity (i.e., the creation of habitat-specific phenotypes) in larvae of pond-breeding amphibians have begun to receive attention. I expand on this work by assessing the utility of phenotypic plasticity as a tool for population management. When larval habitat is not clearly distinct from that of adults, as is the case for many stream-breeding salamanders, the specific habitat attributes required to ensure larval survival and maximize larval contribution to population viability can be difficult to identify.  Research on the population biology and community ecology of a headwater salamander (Gyrinophilus porphyriticus) has revealed differences between larvae and adults in the use of in-stream habitat and invertebrate prey resources. Additionally, larvae showed lower sensitivity than adults to logging-associated sedimentation, thus acting as a life-history refuge from anthropogenic impacts to the stream. These results illustrate the value of explicitly investigating larval habitat requirements and response to disturbance, even in cases where larval and adult habitats appear to overlap.

HANNON, Susan J. XE "HANNON, Susan J." 
Department of Biological Sciences, University of Alberta, Edmonton, AB T6G 2E9 Canada.

Habitat use, survival and movements of juvenile grouse after hatching and prior to recruitment

Demography, habitat use and movements of adult grouse are well known, particularly in the breeding season. However, similar information for juvenile grouse in sparse, particularly during the period after brood break up until recruitment into the breeding population the following spring. I review published information and present unpublished data on the habitat use, survival and movements of juvenile grouse after hatching and prior to recruitment. Data were obtained on 11 grouse species representing 20 studies conducted in North America and Europe. The post hatching period was divided into four stages: (1) from hatch to brood break-up, (2) from brood break-up to dispersal, (3) during autumn dispersal and (4) on winter range. Overall, juvenile grouse occupied similar habitat to adults during these periods, but incurred high natural mortality, particularly from raptors. Cold/wet weather events also increased mortality of chicks prior to full homeothermy. Additional mortality from hunting was additive to natural mortality for some species that had high hunting pressure. Variations in juvenile survival were correlated with breeding density the next spring for several species. For some groups of species, (e.g., prairie grouse) management activities should be focussed on providing sufficient cover for juveniles over late summer and winter.
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Habitat use and habitat-specific survival of fledgling Ovenbirds

Recent studies indicate that patterns of habitat use by some passerines change after the young leave the nest, and thus, habitat models derived from counts of singing males earlier in the nesting cycle may not adequately represent the breeding habitat requirements of these species. We studied the post-fledging habitat selection of Ovenbirds (Seiurus aurocapillus) in northern New Hampshire during two breeding seasons using radio telemetry. Habitat at sites used by 41 radio-marked fledgling Ovenbirds were characterized by greater vertical structure 0 – 3 m above ground than Ovenbird nest sites. Habitat at sites used by fledglings were characterized by greater vertical structure, higher shrub density, and fewer medium and large trees than unused sites. Twelve of 15 mortalities (80%) observed were due to predation, and fledgling survival was positively significantly related to vegetation structure 0 – 3 m above ground. We calculated finite rates of increase (λ) for Ovenbird populations using values of adult survival from the literature and fecundity and juvenile survival from our research. When these parameters were allowed to vary over the range of values observed in our data, variation in juvenile survival resulted in the largest proportional change in λ, suggesting that the availability of suitable habitat for rearing fledglings has potentially important consequences for the viability of Ovenbird populations. Our observations suggest that assessments of habitat quality based on abundance of adult birds do not necessarily accommodate the habitat needs of this species.

McLENNAN, John A. XE "McLENNAN, John A." 
Landcare Research, 33 Simla Avenue, Havelock North, New Zealand.
Growth, survival and habitat use in kiwi and other New Zealand birds

North Island brown kiwi, Apteryx mantelli, grow at one-sixth the rate expected for a 2-3 kg bird, and take more than 800 days to attain adult size. The chicks are precocial. They begin to make foraging trips out of their nest within a week of hatching, and become fully independent about two weeks later (20 days old). Stoats, Mustela erminea, prey on juveniles less than 800 g in weight; rates of predation mortality often exceed 0.8%/ day and are sufficiently high to threaten brown kiwi with extinction in mainland forests. This paper examines whether survival rates of juvenile kiwi in their first 150 days of life: 1) vary between different habitats in Te Urewera National Park, and 2) correlate with growth rates, and thus exposure times to predators. It then examines more generally whether slow rates of juvenile development have contributed to high rates of extinction amongst New Zealand’s flightless birds.
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The effects of forest fragmentation on post-fledging survival and dispersal of a forest songbird

Many studies have addressed the effects of forest fragmentation on the breeding behavior and fecundity of forest songbirds but have left the critical dynamics of the post-fledging period largely understudied. Using radio-telemetry I tracked adult hooded warblers (Wilsonia citrina) attending fledglings from nests within large (>100ha), and small (<5ha) forest fragments. I used Cormack-Jolly-Seber models in Program MARK to test for the effects of forest fragment size, sex and age of the attending adult, fledge date and brood size on the survival of the young during the ~4 weeks post-fledging, and prior to cessation of parental care. Habitat use was examined in relation to the sex of the attending adult and forest fragment size. I found fledgling survival did not differ between large and small forest fragments but was influenced by the sex and age of the attending adult.  Nesting habitat was structurally similar to that used during the post-fledging period while neither forest fragment size nor sex of the attending adult were influential on post-fledgling habitat use.  While results of this study suggest that forest fragmentation does not overtly affect the post-fledging survival and habitat use of hooded warblers, many songbird species do not use similar habitat throughout the nesting and post-fledging period and as a result of the physiognomic effects associated with forest fragmentation these species may face limitations in the availability of critical resources during the post-fledging period. As such, the effects of forest fragmentation on fledgling survival, as influenced by the availability of habitat and the demography of the adults must be considered during the development of conservation plans for neotropical migrant songbirds.
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Forestry generates sink habitat for spotted-tailed quolls in NW Tasmania

Logging levels in Tasmania have accelerated dramatically over the past 10 years, and populations of the spotted-tailed quoll (Dasyurus maculatus) appear particularly threatened. The state may hold up to half the world population of this marsupial carnivore. During 2002-3, we mark-recaptured a population of spotted-tailed quolls in 100 km2 of production forest in northwest Tasmania, to advise future forestry practice. Relative to previous studies, we captured an expected number of individuals (22) but an unusually skewed sex ratio: only two, nulliparous females, rather than the expected near-parity ratio. During the two-month mating season, no quolls were caught at all, perhaps because the males had left the area in search of breeding females. We infer that our study area did not provide sufficient resources to support the needs of breeding females, which defend a permanent territory, but that the area is nonetheless of value as a sink habitat, catering for transient animals: males outside the breeding season and dispersing females. We will now cover a wider trapping area to identify source habitat, and develop detailed habitat surveys and radio-tracking to identify the essential factors determining habitat quality at different life stages for this species.
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University of Guelph, Department of Zoology, Guelph, Ontario, N1G 2W1, Canada.

If I stay there will be trouble, if I go will it be double? Predicting juvenile philopatry versus dispersal in mammals

Hypotheses concerning the ultimate causes for juvenile philopatry and dispersal fall into four general categories: those concerned with inclusive fitness, inbreeding avoidance, resource competition, and mate competition. Traditionally, studies have only offered one hypothesis to explain observed dispersal patterns. However, predictions generated by many of the hypotheses are not mutually exclusive and can only be differentiated via differences in assumptions. Moreover, the hypotheses themselves may not be mutually exclusive. Observed patterns of dispersal could result from synergistic effects between two or more causes. Accordingly, questions concerning which juveniles disperse and why may best be understood in terms of the relative contribution of inclusive fitness, inbreeding avoidance, and resource and mate competition to juvenile fitness. We review the literature on mammalian dispersal examining how and why the relative contribution of each varies among species and with environmental and social conditions, and its impact on patterns of dispersal both within and among species. We suggest that examining juvenile dispersal from a fitness perspective will improve our ability to predict how many and which juveniles disperse and discuss implications to habitat management.


