Adventures in Avian Nutrition: Dietary Considerations for the Hatchling/Nestling Passerine

One of the biggest challenges faced by avian rehabilitators is that of raising hatchling and nestling passerines. These fragile, helpless altricial babies are far less developed than their precocial counterparts at hatching. They hatch in a more primitive state, with eyes closed and feathers non-existent. Unable to thermoregulate or self-feed, they depend on their parents completely. 

When something goes amiss, necessitating these birds to be raised by rehabilitators, they require warmth, humidity, expert care and frequent feeding. Of these things, correct diet has, historically, been the most difficult to provide.

While the nutritional requirements of domestic poultry and some companion birds have been studied because these birds have commercial value, the requirements of passerines have been little understood. Poultry, because of selective breeding and centuries of captivity, no longer have exactly the same nutritional requirements of even their wild counterparts, and the requirements of psittacines, whose parents regurgitate food for them, are also not comparable.

The nutritional requirements of altricial passerines are as different from those of their precocial counterparts as are their stages of development. Their rapidly growing bones (Starck and Ricklefs, 1998) require a higher level of dietary calcium. The feathers that must still emerge will require additional dietary protein. Crucially, baby passerines grow at one of the fastest rates among all the vertebrates.  Nearly all of the mass that they are laying down is composed of protein. That protein can only come from the diet; it must be present in very high amounts, and it must be of animal origin, to match the body protein of the chick (Klasing, 1998).  

Virtually all passerine parents feed their young insects, regardless of the adult diet (hundreds of studies, summarized by Terres, 1980, and many others).  The exceptions are a few finches, which are fed a diet of regurgitated seed (very particular seed [Klasing, 1998] not replicable with grain-based captive diets). Plants are much more plentiful than animals, are immobile, and thus are much 'easier pickings'. However, passerine parents do not even supplement insects with such things as nutrient-rich seeds, despite the fact that parents invest only as much energy in their offspring as necessary to minimally ensure their own reproductive success (Trivers, 1974).  It is therefore both the amount and the very high quality of insect protein (e.g., Landry et al., 1986) that are required by nestlings.  Furthermore, their GI tract structure and function are uniformly evolved to digest this diet.  They have high levels of proteases, and low levels of amylase and lipase (Klasing, 1998).  They therefore cannot assimilate grains and fats in significant amounts.



 For all intents and purposes, then, the young passerine can be considered an obligate insectivore.

The hatchling bird has a sterile gut, and the enzyme levels for digestion of foods are low. The digestive system is weak, and it can only partially digest much of the food that the bird consumes in its first days. The enzymes that occur at the highest levels at this stage of development are proteases, required to break down proteins. The young bird will meet both its growth and much of its energy requirements, in the first two weeks of life, through the proteins in its diet (Klasing, 1998). Proteins are used in building the entire body -- for growth of muscle, bone, tissues, and organs; for cellular repair; and for synthesis of keratin, from which feathers, bill sheath, leg scales and nails are formed.   

As the young birds mature, their parents will begin to broaden their nutritional horizons, but for the first two weeks of life, most species feed their nestlings a diet consisting solely of a variety of insects. They supplement the insects with calcium in the form of eggshell, fragments of mollusk shell, limestone, or tiny pieces of bone (Klasing, 1998).

The nutrients in insects vary depending on species, what the insect has been eating, stage of development (larva, pupa, adult), and size of the insect (Barker et al., 1998). Avian parents select insects at all stages of development, and when the digestive tract of the hatchling is stronger, parents will choose insects that are larger than those they would eat themselves, and often make them more digestible by removing chitinous parts like wings and legs (Klasing, 1998).  Larger insects have a higher protein-to-chitin ratio.

Water in the diet comes from the insects themselves, although some parents feed their young partially digested or moistened insects. On average, insects are composed of about 65% water. The remaining 35%, or ‘solids’ portion, averages about 62% high-quality protein, 20% fat and 18% carbohydrate. Again, these percentages vary depending upon species, life stage and size (Barker et al., 1998). Live insects also contribute enzymes, microbes, vitamins, minerals, essential fatty acids, and pigments.

In rehabilitation, it is almost impossible to offer the variety and number of insects required to ensure balanced nutrition. Any one particular food or insect will not meet all the needs of the growing bird. In the past, when the requirements of passerines were less understood, rehabilitators relied on diets based on pet food and cereals.  An example of such a diet shows, when compared (calculated from USDA Nutrient Database for Standard Reference, Release 13, 1998) to a natural diet based on a variety of insects, that these diets did not meet the needs of the birds:

•3/4 cup puppy chow


•1/4 cup roman meal cereal

•8 oz. jar carrot baby food        
• Soft-boiled egg

•Water
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Graph 1

Rehabilitators today may offer far more live insects in the form of mealworms, waxworms, crickets, etc., but these are usually alternated with diets based on pet foods. Many of these diets are still not balanced to the requirements of passerines.  The result of using diets based on dog food, for example---lacking sufficient protein and containing far too much carbohydrate---is that birds mature more slowly than in nature, and have dull plumage.  Compared to wild conspecifics of the same age, it is a rare bird raised in rehab that is not smaller and duller (unpublished observations; personal communication with numerous avian rehabilitators).  These characteristics virtually guarantee that the bird’s size is permanently stunted (Starck and Ricklefs, 1998). Body stores and plumage, which need to be perfect for survival, are likely inadequate, and the bird may not survive to the next spring.  We have found that dull plumage actually consists of severely malformed feathers, and cannot supply necessary insulation or waterproofing (unpublished data; presented at the 23rd annual meeting of the International Wildlife Rehabilitation Council, 2000).  Inhibited growth results in impaired competitiveness in nature (Klasing, 1998).  Neither of these is compatible with survival in the wild.

When we analyze and compare the ingredients of kitten and puppy foods, it becomes clear that puppy food does not offer the nutrients required by most birds, but that kitten foods come closer. 
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This graph compares two good-quality pet foods with the natural diet, and with a rehabilitation diet (MacDiet) that has been formulated to more closely match the requirements of growing passerines. When supplemented with live insects in amounts of up to 50% of total intake, the composition of this diet compares even more favorably with that of the natural diet.

Graph 2

Kitten Chow as a Base

The best-quality kitten chow is approximately 35% protein, 18% fat, 40% carbohydrate, 1.3% calcium, and 1% phosphorus. In addition, it provides the nutrients taurine and vitamin A (as opposed to β-carotene), which may be essential for faunivorous birds and therefore for nestling passerines (Klasing, 1998), and which are not necessarily present in puppy food.  However, even kitten kibble, fed alone, is not adequate food for nestling songbirds.

Protein: Some of the protein comes from grains, which are an inferior source for young passerines. Plant proteins do not contain amino acids in the total or relative amounts needed by nestling songbirds (Klasing, 1998), so the overall protein content of even kitten kibble is not of optimal quality.

Carbohydrates: The starches in the grains in kitten chow are largely unutilizable, as young

passerines have little or no enzymes with which to digest them (Klasing, 1998). In nature, fibre is provided by the partially-digestible chitin of insects (Klasing, 1998), and presumably by their intestinal contents.  Grains in kibble may substitute in this function.

Calcium: Parent birds presumably supplement their young with calcium amounting to approximately 2% of the diet (Klasing 1998). The calcium percentage of kitten chow does not meet this requirement, or offer the optimal Ca/P ratio of 2:1.

Good quality kitten chow: To determine whether a kitten chow is suitable, look at the percentages of protein, fat and carbohydrates listed on the package. Then, look at the ingredients list. A good food will list chicken as the first ingredient. Any food that lists grain (e.g. corn) as the first ingredient should not be chosen. The better foods include whole chicken and poultry by-products.  While these things may not seem palatable to us, in nature, whole prey is consumed and is required.  By-products offer some whole-body nutrients. A good food will usually include egg and may include some fishmeal.  Foods that list soy as an ingredient should be avoided, as soy will make the protein content appear higher, but does not offer the amino acid profile required for growth.  The best foods are preserved naturally.  Even the best foods, however, do not meet the requirements for high-quality proteins, calcium and certain vitamins, and must be supplemented.

Creating a Better Diet

To improve upon kitten chow, we can choose from a number of animal-based proteins that are highly bioavailable. These things may include freeze-dried insects, egg, chicken, chicken liver, etc. Some foods, such as egg yolk and chicken babyfood, also raise the overall fat percentages of the diet, and usually, the fat percentages from animal-based foods are already adequate or in excess. It is preferable, then, to choose low-fat proteins that will lower the overall fat content and the overall carbohydrate content.

Egg: Using raw egg is not recommended for a few reasons, one being that raw egg white contains avidin, a glycoprotein that will bind the vitamin biotin and make it unavailable to the bird. Cooked egg is a safe addition, however. When analyzed on a dry-weight basis, egg yolk offers 32.7% protein, 60.3% fat and 3.5% carbohydrate. Egg white, however, offers 86% protein, no fat, and 10.7% bioavailable carbohydrate (USDA Nutrient Database for Standard Reference, Release 13, 1998).

Freeze-dried insects: There are a number of freeze-dried insects available on the market today. They are often found in the aquarium or reptile supplies sections of pet stores, or can be ordered from companies that supply feeder insects. Freeze dried red grubs, mosquito larvae, ant eggs, crickets, flies, fly larvae and pupae, crickets, and crushed insect mixtures can be purchased. They offer good quality proteins, but it must be remembered that insects, live or dried, have poor Ca/P ratios, which must be corrected in the overall diet. Freeze-dried insects should also be soaked in a small amount of water to ‘reconstitute’ them. 

Strained chicken baby food: The dry weight analysis of chicken baby food is 60.9% protein, 35.1% fat and almost no carbohydrate. The Ca/P ratio is poor, with a ratio of 0.66 to 1. This food, however, “as fed”, is mostly water, and this must be considered when compiling the overall diet. A 71-gram jar contains 55.9 grams of water.

This graph compares the percentages of major nutrients found in some possible dietary additions (note: whole egg is used in this example), and includes corn for comparison. It is clear that corn does not compare to the other foods, with its poor protein level.  While chicken liver looks to be a very good choice in terms of protein and fat, it is too concentrated in some minerals and vitamins which are toxic in excess, to be used as anything more than a small part of the diet.
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Graph 3

Calcium:  Calcium levels must be corrected using a source that does not include phosphorus.  They should not contain vitamin D; otherwise, dietary levels could be toxic.  Bone meal cannot correct a diet, as it contributes phosphorus. Powdered 
calcium carbonate is the best form
.  This is the calcium that is found in eggshell, limestone, oyster shell, cuttlebone, etc. It can be purchased in tablet form, and then the tablet can be crushed to a fine powder.  The finer the powder, the better it is absorbed (Klasing, 1998).  Calculate the overall calcium comprising the diet’s dry weight, and adjust it to 1.8% - 2%
. When additional live insects are fed, they will require additional calcium correction; it can be assumed that insects contain about 0.1% phosphorus on a dry weight basis. Supplemental calcium must be weighed if an already-powdered form is being used instead of a tablet. It should not be measured by volume, because the amount of calcium in a teaspoon, for example, varies with particle size, whether compressed, etc.; thus you will risk under- or over-supplementing.

An example of a diet that is based on the above principals of avian nutrition, using kitten food with additions to improve the overall nutrients, is MacDiet.  MacDiet, when fed with live insects, has proven successful in raising a wide range of hatchling and nestling passerines (and some other species commonly cared for by passerine rehabbers), 
including sparrows, finches (including those fed special seeds by their parents), nightjars, swifts, swallows, thrushes, corvids, woodpeckers, warblers, vireos, flycatchers and more.  The diet is a simple correction of common rehabilitation diets, providing animal-based, easily digested protein. This type of diet works particularly well when augmented heavily with live insects. The diet, with vitamins, minerals and calcium ‘built in’, is used to correct the live insect portion of the diet and augment it. Live insects are critical to any diet, as they offer not only major and minor nutrients, but also enzymes and gut flora.

MacDiet: recipe

½ c. Purina ProPlan( Feline Growth dry food, soaked in just enough water to soften completely. Drain off excess.

2 hardboiled egg whites, sieved through a fine mesh strainer

3 tbsp canned Science Diet( Feline Growth Food, drained of liquid

2 tbsp freeze dried insects a

1/2 tablespoon "Knox( Bloxb

600 or 800 mg calcium carbonate, crushed and powdered * see note

50 mg vitamin C (ascorbic acid)

1 small pinch of powdered B-complex vitamins

3-5 drops cod liver oil (supplies vitamins A and D)

1 drop of 1:10 vitamin E in corn oil

1 slightly rounded tablespoon of plain yogurt (low- or non-fat)c

Method:
Mix ingredients with a fork. This mixture can be refrigerated for a day but should not be frozen, as storage will affect the vitamins.  The recipe can easily be halved, quartered, doubled, etc.

When mixed with a fork, the mixture resembles pate or canned cat food and can be fed by hand using forceps, fingers, etc. or can be expressed through a six cc oral monojet syringe to form 'mealworms'. If you prefer a wetter mixture or need to tube feed a compromised bird, the diet can be mixed in a blender and extra water can be added as necessary.

If a creamy mixture that will pass through a small syringe is preferred for very small birds, everything but the ProPlan can be mixed with a hand mixer or in a blender, and then the ProPlan can be mashed through.

a: KNOX BLOX(: Purchase Knox unflavoured (plain) gelatin powder. Each box contains a number of small white envelopes, each of which contains 1 tablespoon powder. Put 1 teaspoon powder in a small baby food jar and add a few tablespoons cold water to dissolve. Add boiling water to 2/3 full. Put on lid and shake to mix. One-half tablespoon of this mixture can be added wet, and the remainder can be placed in the fridge and used in its gelled state. Dispose of unused portions after three days.

b: FREEZE DRIED INSECTS

These can be purchased at most large pet stores where fish and aquarium supplies are sold. They include such products as Hagen's Freeze Dried Red Grubs(, Aqua-Fit Freeze Dried Red Mosquito Larvae(, Freeze Dried Bloodworms, etc. In a pinch, the small cubes of tubifex worms can be used. They should be soaked in warm water to loosen. Hagen( products can be ordered through their website: 

http://www.hagen.com/hagen/canada/english/aquatic/sub_category.cfm?CAT=1&SUBCAT=108   

A good addition is frozen flies or fly larvae. This can be ordered through Skipio's (from their website www.skipios.com) or from Biconet, (at www.biconet.com). Both companies sell a 'mix' that includes dried adults and larvae that is very good.  Crush the fly mix before use, and use only about 1/2 teaspoon of flies in the insect portion. For the rest, use a mixture of red grubs and mosquito larvae.  Wild invertebrates with which you are familiar - earthworms, small crickets with legs and wings removed, etc., can be gathered, frozen, and powdered.  Do not use insects you do not recognize or have not researched, as some insects can be toxic to birds. For example, the monarch butterfly feeds on milkweed – a plant that is toxic to birds. The butterfly bioaccumulates the plant’s toxins, and, thus, the monarch butterfly is toxic to birds (described in Waldbauer, 1998).

c: YOGURT
Yogurt should be plain, containing only live cultures, cultured milk, and any of the following: whey protein, whey, gelatin, or pectin.  It should contain no other additives.  Although birds do not make lactase (the enzyme that digests lactose) themselves, the live culture Lactobacillus provides lactase and make the yogurt more digestible.  We have never observed lactose intolerance diarrhea when birds are fed yogurt, and the benefits appear to be appreciable.   Live-culture Lactobacillus bacteria been demonstrated to compete with pathogens and prevent infection (Reid and Howard, Am. Soc. Cell Bio. conference proceedings, reported in New Scientist, 2000).  They serve that purpose both in the food and in the animal.      

Live culture yogurt is strongly recommended over other Lactobacillus products (such as Benebac™, acidophilus capsules, etc.).  Many of these products may have little or no live bacteria, or the bacteria may be quite delayed in starting to grow (unpublished data), which may make them ineffective in birds.

OTHER ADDITIONS:  Vitamins are added fresh, as shown, because a) they degrade rapidly upon storage in any form, and b) the amounts in the recipe are both safe and effective.  Remember that some, though not all, vitamins are toxic at high levels, so do not add more than prescribed here.

Minerals should not be added, because they do not degrade, and are only safe and effective within relatively narrow ranges.  Because vitamins degrade (and at various rates) while minerals do not, a multivitamin/mineral supplement can quickly become unbalanced while stored.  For that reason, we recommend not using multivitamin/mineral supplements. 

FEEDING: 

MacDiet is 45% protein, 20% fat, and 28% carbohydrate. This approximates, but is not identical to, the gross composition of the natural diet of young birds, and offers the high quality proteins required for growth. To make the composition of this diet closer to what birds are fed by their parents, the addition of significant amounts of live insects is beneficial.  

The diet offers 1.5 Kcal/gram. Note that the effective Kcal/gm are higher than this number would indicate, compared to other diets, because a larger percentage of the calories come from foods that are highly bioavailable to birds. It is important not to ‘overfeed’ MacDiet based on comparable amounts of less bioavailable diets; more of the latter are eliminated in the feces, undigested. Fecal sacs on MacDiet are therefore likely to be somewhat smaller than those from less bioavailable diets.  

It is important to monitor droppings to determine whether to feed more or less. (Droppings are, of course, the best proximate way to assess appropriate feeding of any diet.) Well-formed feces in a moderately wet dropping, produced after every feeding, shows that the amount is correct. If the fecal sac is loose or runny, offer less food or increase the intervals between feedings, and add a small amount of water for several feedings to replace fluids that the bird has lost. 

*NOTE: The Ca:P ratio = 2.3 : 1 if using 800 mg calcium from calcium carbonate.  This amount of calcium carbonate corrects a diet that is augmented with approximately 1/3 part live insects.  If the insect portion is less than 1/3 of the daily ration, use the lower amount, 600 mg calcium, from calcium carbonate.  This amount of calcium corrects the phosphorus in mealworms or other live insects that are supplemented up to 1/3 part.

Pure calcium carbonate should be used.  Sources include oystershell calcium tablets (without vitamin D), cuttlebone, calcium carbonate powder for reptiles (without vitamin D), or sterilized eggshell.  Any of these should be powdered (Klasing, 1998).  Tums-type calcium carbonate tablets are not optimal because of their additives.  For example, many food dyes are proven or possible toxins or carcinogens (see http://www.cspinet.org/reports/food.htm), and young passerines do not possess saccharidases to digest sugars (Klasing, 1998). 

Some good brands of kitten kibble (based on current formulations) include Pro Plan, Eukanuba, and Purina One.

Don’t add to diets:  


· Calcium sources containing any phosphorus

· Raw meat, particularly ground meat; it is a source of dangerous pathogenic bacteria

· Soy protein powder, wheat germ or plant-based foods (grains, pablum, baby cereal, etc.)

· Chicken, duck, gamebird or other ‘starters’ or foods meant for precocial or psittacine birds

· Uncooked egg white

· Artificial colours or flavours  

· Excess fat; for example, egg yolk adds considerable fat

· “Odd” insects with which you are not familiar.  Some are toxic.


· Any ingredient whose complete composition and purpose you do not understand.

Do not depend on ‘what’s always worked’, for you or others.  Research suggests that even birds that appear to be healthy are probably undernourished on most current diets - that we are sending them into the wild with weak bones, insufficient protein, delayed growth, and consequent lack of biological fitness.  If true, this almost certainly dooms them before they reach reproductive age.

If you are going to create your own diet, you should analyze it completely, on a dry weight basis, and know the exact percentage of protein (and its source) and of fat, carbohydrate, calcium and phosphorus.  You should know the sources and amounts of vitamins and minerals.  Kitten chow is made of natural ingredients that support the growth of carnivores. Additions to it should be products that are fresh and natural.
Do offer fledglings that are learning to self-feed with a variety of natural foods in an ‘enriched’ (=interesting and varied) physical environment.  They have evolved to be curious and to explore novelty.  The psychological health of birds has an enormous impact on their physical health and ability to adapt to conditions in the wild.

In conclusion, MacDiet is an example of a 'better' diet, but it is not the only possible
diet. However, the principles on which MacDiet is formulated, as presented here,
are the realities of nature and of nutritional biochemistry.  This diet is based, for the first time, on the principles of natural history, physiology, and nutritional biochemistry that delimit what
babies MUST be fed in nature, and therefore what they MUST be fed in captivity. MacDiet is an effort to improve upon things as they have been done traditionally. However, continuing research results in the frequent emergence of new information.  It is incumbent on us, as responsible wildlife rehabilitators, to stay abreast of new developments in all aspects of rehabbing, not the least of which is nutrition. 
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